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Abstract 

 
The potential of microhydroxyapatite (MHA) and nanohydroxyapatite (NHA) to 
immobilise heavy metals in a 25-year old active firing range soil was investigated. 
The effects of immobilisation were evaluated in terms of metal accumulation in 
water spinach (Ipomoea aquatica) and soil metal bioavailability. A pot trial was 
conducted by amending firing range soil with MHA and NHA at application rates of 
0%, 1% and 3% (w/w). Both amendments increased biomass yield and reduced plant 
metal uptake. The bioconcentration factor (BCF) values of the metals were in the 
order of Zn > Cu > Pb. The bioavailable fraction of Cu, Pb and Zn in firing range 
soil decreased significantly (p < 0.05) following MHA and NHA treatments. No 
toxicity symptoms were observed in water spinach over the pot trial. Therefore, 
MHA and NHA are two promising immobilising agents for the remediation of metal 
contaminated land. 
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INTRODUCTION 
 

Soil contamination by heavy metals is a serious environmental problem all over the world 
[1]. For example, about 3.5 million sites of industrial and mine sites, landfills, energy 
production plants and agricultural land in Europe were reported to be contaminated by heavy 
metals [2]. In fact, soil contamination and strategy for soil protection were classified as two 
important issues for action in the European Community [2]. Meanwhile, 20 million hectares of 
arable land, accounting 20% of the total agricultural land area in China have been identified for 
heavy metal contamination [3]. In recent years, the concentration of heavy metals in soil has 
increased tremendously due to rapid global industrialisation. Waste emissions from industrial 
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production, mining activities, biosolids and manure application, wastewater irrigation, and 
inadequate management of pesticides and chemicals in agricultural production have 
significantly contaminated soil and groundwater [4]. The level of heavy metals in soil has also 
influenced by firing range activities. Firing bullets are mainly composed of Pb-alloy slugs 
enclosed with Cu-alloy jackets [5,6]. Metal particulates originating from multiple impacts of 
bullet fragments during range operations can be oxidised and transformed into compounds that 
can be mobilised in soil environment [7-9]. An analysis on metal concentration in military firing 
range soil collected from Busan Metropolitan City, Korea by Moon et al. [6] found 11,885 
mg/kg Pb. Parra et al. [10] measured 9,600 mg/kg Pb in topsoil samples collected from a firing 
range in New Mexico, USA. Meanwhile, firing range soil of the Small Arms Training Area, 
Aiken, USA was reported to contain 3,282 mg/kg Pb and 1,762 mg/kg Cu [11].  

Toxic metals are not biodegradable and persist for a long period of time in soils. They are 
not only harmful to ecosystems and agricultural production, but also a serious threat to human 
wellbeing. Their presence in soil may pose a great risk to food chain and water supplies. 
Considerable efforts have been made to remediate metal contaminated soils. There are many 
techniques available for the remediation of metal contaminated soils, such as mechanical 
separation, solidification, soil washing, heap leaching, soil flushing and electrokinetic [12,13]. 
However, many of these techniques are costly and not practical to implement. Soil stabilisation 
is a cost-effective and promising soil remediation technique, and has been extensively used in 
immobilisation of heavy metals in contaminated soils [14]. This technique relies on application 
of the soil amendments to help retain metals in the stable solid phase by sorption, precipitation, 
complexation, ion exchange or redox process, thereby decreasing mobility and bioavailability of 
metals [14,15]. 

Liang et al. [14] studied the effects of biochar and phosphate application on Cd leachibility 
from a contaminated soil. The Cd concentration in TCLP (toxicity characteristics leaching 
procedure) extract was reported to reduced by 19.6% and 13.7%, respectively. They also 
reported that the concentration of Cd in the groundwater was reduced by up to 62.7%. The 
immobilisation of Pb and Zn in a contaminated soil using water treatment sludge, blast furnace 
slag and red mud was assessed by Zhou et al. [16]. Amending contaminated soil using the three 
amendments was reported to reduce CaCl2, CH3COOH, HCl and EDTA-extractable Pb and Zn 
significantly. The Pb and Zn uptake by Rhodes grass was found to decrease with amendments 
application. A significant immobilising effect was reported for 10% (w/w) treatment. Fang et al. 
[17] has shown that phosphate rock tailing and triple superphosphate fertilizer were able to 
reduce CaCl2-extractable Pb and Zn by 55.2-73.1% and 14.3-33.6%, respectively.                 

The overall aim of this work was to evaluate the potential of microhydroxyapatite (MHA) 
and nanohydroxyapatite (NHA) as immobilising agents for the remediation of metal 
contaminated soil. 
 
RESEARCH METHOD 
 

In this study, the soil sample was collected from a 25-year old active firing range in 
Selangor, Malaysia. The soil samples were taken at the surface layer of up to 25 cm depth using 
a stainless steel trowel. The samples were air-dried for 1 week, thoroughly mixed and passed 
through a 2 mm mesh sieve. The soil consists of sand (45%), clay (36%) and silt (19%). The soil 
pH measured in deionised water with a soil:solution ratio of 1:2.5 using a pH meter, was 4.82. 
The total Cu, Pb and Zn concentrations in the soil determined by aqua regia extraction were 
725, 2337 and 364 mg/kg, respectively. In addition to the total fraction, the bioavailable fraction 
of metals in soil was also determined using ammonium acetate (1.0 mol/L, pH 7) at a 
soil:extractant ratio of 1:10. The ammonium acetate extractable Cu, Pb and Zn were 318, 1066 
and 135 mg/kg, respectively. 

MHA and NHA (purity > 97%) were purchased from Sigma-Aldrich. Pots with a diameter 
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of 15.0 cm and a height of 18.0 cm were filled with 400 g of soil. MHA and NHA were added to 
the soil at 0%, 1% and 3% (w/w), in six replicates. The soils were left to equilibrate for two 
weeks. As the soil has a poor plant nutrient content, ¼ strength Hoagland’s nutrient was added 
to each pot thrice a week at application rate of 20 mL. The Hoagland’s nutrient solution was 
applied to the soils for two weeks only (equilibration period). The addition of nutrient solution 
was discontinued when the pot experiment began.  

After two weeks, each pot was tipped out and remixed to ensure homogeneity and to 
prevent the soil samples from becoming anaerobic. A pot experiment was carried out for 8 
weeks. Water spinach (Ipomoea aquatica) seed was sown two weeks after addition of 
amendments. The pots were arranged in a randomised block design. The water content of the 
soils was adjusted to obtain 70% of the water holding capacity by adding deionised water daily, 
avoiding prolonged water logging. Plants were allowed to grow under natural lighting and 
temperature. Mean daily temperature and humidity were monitored with a digital thermometer. 
At the end of the pot experiment, the soil pH and ammonium acetate extractable metal content 
in the soil were determined, as previously described. 

The plants were harvested at 8 weeks of growth. The aerial parts were cut at 1.0 cm above 
the soil surface to avoid contamination by soil using a pair of scissors, which was wiped after 
each use. Roots were carefully extracted from the soil and washed thoroughly with deionized 
water to remove soil particles. Plant tissues were washed thoroughly with deionised water and 
dried in an oven at 70 ºC for 48 h. After two days, the dry weight of plant tissue was measured. 
Dried shoots and roots were milled using a grinder. Milled samples were ashed at 450 ºC for 3 h 
in a furnace and digested in hot concentrated HNO3. Metal concentrations in the plant digests 
and soil extracts were measured by flame atomic absorption spectrometry (AAS). 

Standard reference plant materials (SRM 1573a Tomato Leaves – National Institute of 
Standards & Technology, USA, and SRM 1575 Pine Needles – National Bureau of Standards, 
USA) and certified reference soil material (LGC 6135 Hackney Brick Works Soil – Laboratory 
of the Government Chemist, UK) were used to verify the accuracy of metal determination. 
Reference materials were treated and analysed using the same procedures applied for plant 
tissue and soil samples. The recovery rates were within 90-106% for soil and 86-95% for plant 
tissue, respectively. 

All statistical analyses were performed using Minitab 15 Statistical Software (Minitab Inc., 
PA, USA). The data were analysed using the general linear model of one-way analysis of 
variance (ANOVA), followed by Tukey’s test at a significance level of p = 0.05 to determine 
least significant difference (LSD) for the comparison of means. Correlation was by Pearson’s 
coefficients at p < 0.05. 
 
RESULTS AND DISCUSSION 
 
Plant Growth. The water spinach seeds germinated four days after sowing and no obvious 
difference in plant growth was observed up to two weeks of the pot experiment. Water spinach 
grown on compost (uncontaminated soil) were observed to be healthier than plants cultivated on 
untreated contaminated soil. MHA and NHA treatments resulted in healthy appearance on the 
plant leaves, whereby the leaves were greener as compared to plants grown on zero treatment 
(untreated) contaminated soil. Table 1 presents the dry biomass yield of water spinach after 8 
weeks of growth. From Table 1, it is clear that the shoot and root yields increased with the rates 
of amendment application. A pronounced effect was obtained for NHA treatment at 3% (w/w), 
of which the shoot yield for this treatment was found to be higher than zero treatment by a 
factor of 3.0. MHA 3% and NHA 1% (w/w) treatments gave almost similar shoot yield, with 
178-186% increment in biomass production. The highest percentage of increment in root yield 
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was achieved with NHA 3% (w/w) treatment, followed by application of NHA at 1% (w/w). 
Although there was an increase in the root yield following application of the MHA, statistical 
analysis revealed no significant difference was obtained between the MHA 1% and MHA 3% 
(w/w) treatments.  
  

Table 1. Biomass yield of water spinach. 
 

Treatment 
Dry weight (g/pot) 

Shoot Root 
Compost* 13.26 4.51 

Zero 3.38 a 1.49 a 
MHA 1% 4.68 b 2.14 b 
MHA 3% 6.02 c 2.77 b 
NHA 1% 6.27 c 2.95 c 
NHA 3% 10.16 d 3.53 d 

LSD 1.01 0.59 
 
 
 
 

MHA and NHA were beneficial as growing media through improvement of soil fertility 
and provision of plant nutrient. Hydroxyapatite (HA) is a naturally occuring mineral form of 
calcium apatite with the formula Ca10(PO4)6(OH)2. It is an important material in the manufacture 
of fertiliser, as a source of phosphorus [18]. Due to its role as a plant nutrient provider, HA has 
been regarded as one of the key materials in agrochemicals formulations. In general, NHA 
amendment has resulted in higher biomass yield than MHA. This scenario can be related to the 
particle size of the HA used. The particles sizes of MHA and NHA are 3 µm and 40 nm, 
respectively. The smaller size of NHA accelerates the rate of degradation process. And 
therefore, release the phosphorus to soil-plant environment much faster than MHA. Lower yield 
of biomass obtained for zero treatment plants can be attributed to metal toxicity. No toxicity 
symptoms were observed on the plant leaves over the pot experiment. This suggests that water 
spinach is a robust plant species and has great tolerance to high metal concentrations.  
 
Metal Concentration in Plant Tissue. The concentrations of Cu, Pb and Zn in plant shoots 
after 8 weeks of growth are given in Table 2. It is apparent that MHA and NHA treatments 
reduced metal concentrations in the shoot tissue of water spinach. From Table 2, metal 
concentrations in shoots decreased with the rates of amendments application. Marked reductions 
in metal concentrations were obtained for NHA treatment at 3% (w/w). 

Amending contaminated soil with MHA and NHA increased soil pH from 4.82 to 7.72, 
therefore reducing metal availability for plant uptake. The pH values of MHA and NHA were 
determined as 7.53 and 7.24, respectively. The reduction in metal concentrations can also be 
related to the presence of functional groups (PO4

3- and OH-) on its surface. These functional 
groups are able to bind or complex heavy metals [15]. Fourier Transform Infrared (FTIR) 
analysis has confirmed the presence of functional groups on the surface of amendments, as well 
as the interaction between functional groups and metals (data not shown). It is clear that the 
accumulation of heavy metals in plant tissues is greatly affected by several factors such as the 
nature of the amendment, application rate of amendment, the nature of the metal contaminant, 
plant species and soil pH. 
 

 
 

* Plants grown on compost only (uncontaminated soil). Values represent mean of 6 replicates. Letters 
a, b, c and d show the significant differences between the soil treatments, where letter a represents the 
lowest mean. Different letters indicate significant statistical differences (Tukey’s test at p < 0.05). 
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Table 2. Metal concentration in plant shoots.  
 

Treatment 
Concentration (mg/kg) 

Cu Pb Zn 
Zero 954 d 125 d  1623 c 

MHA 1% 827 c 109 c  1485 c 
MHA 3% 575 bc 90 b 1296 bc 
NHA 1% 513 b 98 b 1144 b 
NHA 3% 418 a 75 a 605 a 

LSD 84 15 429 
 
 
  
 

Correlations between metal concentrations in soil and metal concentrations in plant shoot 
were assessed using two extractants, namely EDTA and ammonium acetate (Table 3). It was 
found that ammonium acetate gave significant correlation between metal concentrations in soil 
and metal concentration in plant shoot. In contrast, EDTA exhibited poor correlations. The poor 
correlation between EDTA extractable metal concentrations and plant tissue metal 
concentrations may be because EDTA is a good extractant for metal associated with organic 
matter, which may not be available for uptake by plants [4,6]. 
 

Table 3. Correlations between metal concentrations in soil and metal concentrations                                    
in plant shoot.  

 

Extractant Metal 
Shoot tissue 

Correlation coefficient p-value 
EDTA Cu 0.029 NS 

 Pb 0.013 NS 
 Zn 0.042 NS 
    

Ammonium acetate Cu 0.633 0.000* 
 Pb 0.145 0.001* 
 Zn 0.826 0.003* 

 
 
Bioconcentration Factor. The bioconcentration factor (BCF) is defined as the ratio of metal 
concentration in plant shoots to metal concentration in soil [19]. As discussed by Yoon et al. 
[20], BCF is a measure of the ability of a plant to accumulate metals from soils. In this study, 
the influence of MHA and NHA treatments on BCF values of the metals was determined, and 
the values are given in Table 4. The BCF value of Zn for plants grown on zero treatment soil 
was calculated as 1.24, suggesting that water spinach has great potential for phytoextraction of 
Zn from contaminated soil. The BCF values suggest that the ability of water spinach to take up 
Cu, Pb and Zn from soil decreased significantly with the addition of amendments. This can be 
attributed to metal binding to functional groups of amendments and reduction in metal 
availability for plant uptake, as discussed in the preceding section. 
  

 
 

Values represent mean of 6 replicates. Letters a, b, c and d show the significant differences between 
the soil treatments, where letter a represents the lowest mean. Different letters indicate significant 
statistical differences (Tukey’s test at p < 0.05). 

n = 65, NS: Not significance, Pearson’s correlation coefficient and significance at p < 0.05. 
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Table 4. BCF values for Cu, Pb and Zn. 
 

Treatment 
BCF 

Cu Pb Zn 
Zero 0.33 d 0.22 d 1.24 c 

MHA 1% 0.25 c 0.17 d 0.62 b 
MHA 3% 0.24 c 0.14 c 0.53 ab 
NHA 1% 0.20 b 0.09 ab 0.42 b 
NHA 3% 0.14 a 0.06 a 0.26 a 

LSD 0.04 0.03 0.13 
 

 
 

 
Metal concentration in plant shoots and soil greatly affects the BCF values. When 

comparing to Cu and Pb, more Zn was measured in the plant shoots (Table 2). In addition, the 
total concentration of Zn in the soil (364 mg/kg) was lower than the 725 mg/kg measured for 
Cu. Therefore, Zn had a greater BCF value than Cu.  
 
Off-take Values. The effect of MHA and NHA application on metal accumulation in plant 
tissues was further evaluated in terms of off-take value. The off-take value considers both metal 
concentration in plant tissues and biomass yield [19,20]. The amount of Cu, Pb and Zn removed 
by water spinach from soil is given in Table 5. It is also important to estimate the off-take value 
in kg/ha unit as this will provide an insight into the real effect of soil amendments if applied on 
a contaminated site [2]. The off-take value (kg/ha) was based on conversion factor of pot area to 
hectare.  

From Table 5, it is observed that the removal of Cu, Pb and Zn by water spinach 
decreased following MHA and NHA treatments. Overall, Zn was the metal most extracted by 
plants, whereas Pb was the least. At the end of the pot experiment, it is estimated that 0.39 
mg/pot of Cu, 0.07 mg/pot of Pb and 3.78 mg/pot of Zn were removed from the untreated 
contaminated soil. It is also estimated that the off-take value of Zn could be reduced from 9.45 
kg/ha (zero treatment) to 5.30 kg/ha (NHA 1% w/w) and 3.00 kg/ha (NHA 3% w/w).  
  

Table 5. Removal of Cu, Pb and Zn from soil. 
 

Treatment 
Off-take (mg/pot)  Off-take (kg/ha)* 

Cu Pb Zn  Cu Pb Zn 
Zero 0.39 0.07 3.78  0.98 0.18 9.45 

MHA 1% 0.28 0.06 3.22  0.70 0.16 8.05 
MHA 3% 0.21 0.06 2.49  0.53 0.16 6.23 
NHA 1% 0.22 0.05 2.15  0.56 0.13 5.30 
NHA 3% 0.17 0.05 1.20  0.43 0.10 3.00 

    
 
 
Bioavailable Fraction of Metals. The uptake of heavy metals by plants is mainly influenced by 
the bioavailable fraction of metals, not the total fraction of metals in soil [14,15]. Therefore, the 
effect of application of MHA and NHA on bioavailable fraction of Cu, Pb and Zn in soil was 
studied using ammonium acetate extraction. The ammonium acetate extractable metals in soil 
after 8 weeks of the pot experiment are presented in Table 6.  
 

Values represent mean of 6 replicates. Letters a, b, c and d show the significant differences between 
the soil treatments, where letter a represents the lowest mean. Different letters indicate significant 
statistical differences (Tukey’s test at p < 0.05). 

* Estimation was based on conversion factor of pot area to hectare. 
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Table 6. Ammonium acetate extractable metal in soil. 
 

Treatment 
Concentration (mg/kg) 

Cu Pb Zn 
Zero 280 d 1018 d 118 d 

MHA 1% 223 c 902 cd 103 c 
MHA 3% 208 bc 745 b 75 b 
NHA 1% 166 b 857 c 52 ab 
NHA 3% 110 a 633 a 44 a 

LSD 53 102 25 
  

 
 
 

Amending soil with MHA and NHA decreased the bioavailability of Cu, Pb and Zn 
significantly, particularly at application rate of 3% (w/w). A lower reducing effect was obtained 
when amendments were applied at 1% (w/w). For example, the ammonium acetate extractable 
Pb in soil (1066 mg/kg) decreased to 1018 mg/kg (zero treatment), 857 mg/kg (NHA 1% w/w) 
and 633 mg/kg (NHA 3% w/w) after 8 weeks of pot experiment. The reduction in the amount of 
metal extracted after the pot experiment can be related to immobilisation effect of the 
amendments and uptake by plants. 
 
CONCLUSION AND SUGGESTION 
 

Results from this study highlight the potential of MHA and NHA as immobilising agents 
for the remediation of metal contaminated land. Due to its smaller size, larger surface area and 
more active sites, NHA was more effective than MHA in immobilising Cu, Pb and Zn in 
contaminated soil, and reducing plant metal uptake. Pot experiment however is only one aspect 
of such utilisation. The effectiveness of both amendments as soil amendments rely on their 
stability in the soil-water environment. It is necessary to study the biodegradation of MHA and 
NHA and their effect on metal bioavailability. 
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ABSTRACT 
 

 The extraction of chromium (Cr) from soil by using green mustard (Brassica 
juncea) have been studied. The effect of various experimental parameters have been 
investigated too. The results showed that the amount of Cr from soil by Brassica juncea 
plants affected by soil pH and plant age, the highest withdrawal occurred at of pH 7.0 - 
7.5 at the age of 7 weeks. Cr withdrawal from soil by using green mustard  without 
induction with cadmium showed that the accumulation in roots was 412.287 mg / kg of 
dry mustard and in the dry weight of leaves was 270.634 mg/kg mustard. The results also 
showed that there was no influence between the  size of the pot with the accumulation  of 
Cr on the plant because of the statistical analysis showed that there was no significant 
difference between the size of the pot (0.5 kg soil) with the other size larger. While the 
withdrawal of Cr from soil using cadmium induction showed that the Cr accumulation in 
roots was 873.30 mg / kg of dry mustard and in the leaves was 545.28 mg / kg dry weight 
of mustard. Thus, translocation of chromium metal ions from soil into roots and leaves of 
green mustard  with the addition of the cadmium as an inductor  may increase 
significantly which is two times greater than the accumulation of chromium without the 
addition of inductors.  
 
Key words : extraction, chromium, soil, green mustard, Brassica juncea. 

 
1. Introduction 

 
There is a few kind of hyper accumulator plants that can attract Chromium (Cr). So far 

only Medicago sativa and Dactylis glomerate that have been identified as hyper accumulator 
plants of Cr (Shanker, et al, 2005), but both of these plants are very difficult to obtain and has 
not been developed in Indonesia. Therefore, in order to locate and identify other plants that 
serve as hyper accumulator of Cr is relatively more easily available and cheap, so this research 
studied the using of mustard green as hyper accumulator plants of Cr. Long-term goal of this 
research is to find / produce optimum conditions on the withdrawal of Cr from soil by using 
green mustard (Brassica juncea), with or without cadmium induction, so that this green mustard 
plants can be used as hyper accumulators of heavy metal chromium. 
A hyper accumulator plants are plant species that can move pollutants/metal contaminants into 
the plant shoots more (with a high concentration) of the translocation in the roots without 
having symptoms of toxicity and to accumulate more than 10 ppm Hg, 100 ppm Cd, 1000 ppm 
Co, Cr, Cu and Pb, 10,000 ppm Ni and Zn (Lasat, 2000). Types of hyper accumulator plants that 
can accumulate Cr are very limited..  
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Consideration of selection of green mustard plants as an alternative hyper accumulator 
plant are,  it has been  shown to be used as hyper accumulator plant of lead (Pb) (Jerald, 1997), 
green mustard is including in Brassicaceae family, the same family of the most hyper 
accumulator plants of heavy metals that have been identified and green mustard plants are easily 
available and cheap so that application in the field are more likely to be done 

Chromium, a toxic element, in principle dispersed in nature both in the water, air and 
soil and environmental industries and metal electroplating industry mainly through 
atmospheric emissions from industrial activities and residential city. Although Cr is not 
essential for plant growth, but can be taken by most species of plants. The advantages of this 
metal is poisoning can induce symptoms such as reduced growth and death of plants (Barcelo 
and Poschenrieder,1990), the destruction of the membrane (Kennedy and Gonsalves, 1987) and 
alteration of enzyme activity. Chromium intensively used in electroplating, other 
anthropogenic activities such as industrial metal, metal plating, mining, production, use and 
disposal of batteries, metal contaminated waste and sludge disposal, will cause a broad spread 
of Cr into the environment, including soil (Alloway, 1995). 

To make the soil clean from Cr metal, required an effective method. Many conventional 
methods that can be used such as the methods of flushing, dilution and chemical stabilization. 
However, these methods are not efficient because it will cause new pollution problems at a 
time when that will come. For example, the method of rinsing / washing the soil causes the 
cation / anion leached will only move to a deeper layer of soil to reach groundwater. An 
alternative method that can be used and has proven effective is to use plants that have very 
high ability to transport metal pollutants  from soil (fitoremediation/fitoextraction).  

Phytoremediation approach is divided into five general categories namely 
phytodegradation, rizofiltration, phytovolatilization, phytostabilization and phytoextraction. 
Phytoextraction is the use of hyper accumulator plants to remove toxic substances like heavy 
metals from soil and store it in the bud or leaf (Brooks, et.al., 1979, Jerald, 1997). Intake of 
metals by the roots is an important stage for the main phytoextraction.  The efficiency of this 
technology depends on many factors, among others, the capacity of root systems which retrieve 
and transfer the metal into the upper plant parts and the interaction between the soil with its 
physical-chemical characteristics, microbial and others. These complex interactions are 
influenced by various factors such as specific sections, climatic conditions, hydrology and 
geology. 

Green mustard plant, Brassica juncea, is a heavy metal accumulator plants with high 
biomass, making it a good candidate for application in phytoplankton remediation strategies 
(Pilon-switches and Pilon, 2002). Strong -ECS or glutathione synthetase (GS) inexpression of 
bacterial.  Brassica juncea increased synthesis of phytoplankton chelats. This phytochelatin 
compound that can bind heavy metal ions through brown ties, which in turn can distributed 
from roots to this part of the other plants. 

Research for the use of metal cadmium to induce increased phytochelatin synthetase in 
leaves of green mustard (Brassica juncea) has been done. (Hammer, D. and Keller, C., 2002). 
The results showed that when the green mustard plants were induced with 25 mM Cd, the 
accumulation of phytochelatin synthetase increased significantly after more than six days and 
the concentration of phytochelatin synthetase in leaves of three times higher than in roots. 

The use of chelate compounds (EDTA, DTPA) to increase the withdrawl of metals by 
plants Salix, and Thlaspi Sp has been carried out (Hammer, D. and Keller, C., 2002). The 
results showed that the soil is acidic or alkaline, metals Cd decreased by Salix, Sp.withdrawal, 
In addition, withdrawal of Cd by Thlaspi , Sp in the acidic soil significantly increased while the 
soil is alkaline withdrawal increased very little. So there is no general conclusions can be 
drawn whether the addition of EDTA can increase Cd withdrawal because it depends on the 
type of plants used and soil acidity. For that we need also determined the optimum soil pH on 
the addition of EDTA in the withdrawal of cadmium by mustard green. 
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1.1. Phytochelatin 

 
Phytochelatin peptides are molecules with the structure (g-Glu-Cys) n-gly, (g-Glu-Cys), 

nb-ala, (g-Glu-Cys) n-ser, (g-Glu-Cys) n-Glu, (g-Glu-Cys) n-Gln, (g-Glu-Cys) n, where n 
varies between 2-11 (Grill, et.al., 1985) and was first identified in 1983 in the yeast 
Schizosaccharomyces pombe (Cobbett , 2000) 

Phytochelatin synthesized from GSH and catalyzed by the enzyme transpeptidase, 
called phytochelatin-synthetase, where this enzyme has shown activity only in the presence of 
heavy metal ions, especially Cd, Ag, Pb, Cu, Hg, Zn, Sn, Au, and As both vivo or in vitro 
(Cobbett, 2000). Several studies of physiology, biochemistry and genetics have confirmed that 
the tri-peptide glutathione is a substrate for biosynthesis of phytochelatin. 

Although -Glu-Cys)several structural variants of phytochelatin, for example: ( -Glu-
Cys) n-Glu have been identified in-Glu-Cys) n-ser and (-ala, (n- several plant species, they 
are assumed to have an analog functions and synthesized through the same biochemical 
pathway essential (Rauser, 1999). In tobacco leaves, heavy metal-phytochelatin complexes are 
reported to accumulate in the vacuole (Vogeli-Lange and Wagner, 1990).  

 
1.2.Metal Ion Mobilization in Plants 
 

Acidification of the rhizosphere and carboxylate exudation are two things that are 
considered as potential targets for increasing the accumulation of metals (Clemens, et.al., 2002). 
The degree to which higher plants can attract metal ions in the soil depends on the concentration 
and bioavailability, modulated/regulated by the presence of organic matter, pH, redox potential, 
temperature and concentration other elements. Withdrawal of metal ions appear to compete with 
carriers of the same trans-membrane to nutrients such as K, Ca, Mg, Fe, Mn, Cu, Zn and Ni 
(Clarkson and Luttge, 1989). Cell membrane plays a role in metal homeostasis, prevent or 
reduce entry into the cell. 

Apoplast of the root epidermis and cortex is permeable to solute. The cell walls of 
endodermal layer serves as a barrier to diffusion appoplastic into the vascular system. In 
general, solutes have been drawn into xymplasma roots before it can enter into the xylem (Tastet 
and Leigh, 2001). Due to the withdrawal of the metal into the xymplasma roots, three processes 
that determine the movement of metals from the root to the xylem are: metal-metal 
sequestration in root cells, transport simplastic into the Stele and eventually get into the xylem 
(Clemens, et.al. , 2002) 

On the general environmental conditions, metal ions enter the first time to the roots. 
Metal ions easily penetrated into the roots through a network of cortical and distributed on the 
network of the top soil . Immediately after the metal ions into the roots, it can reach the xylem 
through the lane or path apoplastic and xymplastic (Salt, et al, 1995), complex compound 
formed by several ligands such as organic acids and / or phytochelatin (Senden, et.al ., 1992). In 
general, metal ion content in plant parts decreased in the order as follows: roots> stems> 
leaves> fruits> seeds (Blum, 1997) 

 
 

1.2. Effect of Soil pH  
Solubility of metals depends on a number of characteristics of the soil and is often 

strongly influenced by soil pH (Harter, 1983). As a consequence of the higher solubility of 
heavy metals at low pH, making more have been observed in some plant species such as wheat 
grass (Eriksson, 1989) for metal ions and plant the rice mountain to capture metal ions (eg Cd) 
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of ground rock phosphate (Iretskaya, S.,N., et. al., 1998). However, several studies reported that 
the withdrawal of heavy metals by plants is influenced not only by soil pH but also by the cation 
exchange capacity, oxidation reduction potential and chemical composition of soil solution 
(Bingham, et. al., 1979). On the other hand, soil pH and other factors such as availability of 
nutrients may also affect root growth characteristics. 

Dependence of pH on the release of cadmium, copper and lead from soil has also been 
observed. The results showed that with decreasing pH (range 2.9 to 7.1) the rate of release of the 
three metals increased, where the rate of release of cadmium> lead>copper 
(Sukreeyapongse,O,.et.al.,2002). For phytoextraction strategy develop ment, in addition to 
parameters such as type and degree of pollution, plant selection associated with the potential 
withdrawal and time of cleaning is needed, as well as parameters such as other forms of 
physical-chemical bonding of heavy metals should be considered. The various bond fractions of 
heavy metals can be determined through a sequential chemical extraction (Ahnstrom and Parker, 
1999) 

 
2. Method 
 
2.1.Materials and Instruments 

The materials to be used in this research is green mustard (Brassica juncea), soil, KH-

2PO4 0,1 M, 0.1 M NaOH, fertilizers TSP, KCl, concentrated HNO3, H2O2 35 %, Cd(NO3)2. 
2H2O, Whatman-42 filter paper, universal pH paper, distilled water, buffer solution pH 5, 6, 7.0, 
7.5, 8.0. 

The instruments will be used in this study is a tool commonly used glass in the 
laboratory, oven, hotplate, magnetic stirrer, porcelain cup, UV-Vis Spectrophotometer Genesys-
10uv, furnace, desiccator, pH meters, stative and clamp, analytical balance , a number of pots of 
various sizes, syringe, and spoon 
 
2.2.Procedure  
 
2.2.1.Determination of soil volume Effect  

To study the effect of soil volume, the optimum pH 7.0 to 7.5 and the optimum age of 7 
weeks green mustard are implemented as follows. Plastic pots filled with 500, 1000, and 1500 
grams of soil contaminated with Cr 25 ppm. Then the soil pH is set between 7.0 to 7.5 using 
phosphate buffer and incubated for 6 weeks before the experiment began.  In the beginning of 
the experiment, into the pots experiment added 200, 120, 200 and 100 ppm of N, P, K and Mg as 
a fertilizer. Green mustard (Brassica juncea), which had been grown for 2 weeks (in the same 
condition) were implanted into the pot experiment and placed in a controlled room (temperature 
and sunlight intensity only). Every day, the plants were given the same amount of distillated 
water and crops harvested after 7 weeks. 

Once harvested, the plants were washed with double distillated water and dried at 60 oC 
for 48 hours and dry weight recorded. Before analysis, dried samples of crushed and refined a 
number of samples (0.5 g) was dissolved in a mixture of 5 mL HNO3 (65%) and 4 mL of H2O2 
(30%). Then the concentration of Cr solution was measured using UV-Vis spectrophotometer. 
As a control, some mustard plants grown in soil with an appropriate variation of soil pH, but the 
land is not contaminated with Cr. 
 
2.2.2.Determination of Cd Induction Effect  

Basically all the same treatment, only green mustard plants were induced with Cd to 
increase the production of phytochelatin in the mustard green, so the amount of chromium that 
can be drawn from the soil will multiply. 

Plastic pots filled with a number of land (optimum volume) contaminated with Cr in the 
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form of salt with a certain amount. Then the pH (optimum) of land be set using phosphate buffer 
and incubated for 4 weeks before the experiment began. At the beginning of the experiment, 
into the pots experiment added 200, 120, 200 and 100 ppm of N, P, K and Mg as fertilizer. 

Green mustard (Brassica juncea), which had been grown for 2 weeks (in the same 
conditions) was induced by Cd 25 mM and planted/transplanted into experimental pots and 
placed in a controlled room (temperature and sunlight intensity only). Every day, the plants were 
given water  with the same amount and plants harvested after a certain time (optimum age). As a 
control, we use of green mustard without Cr induction. Once harvested, the plants were washed 
with water  and dried at 60 oC for 48 hours and dry weight recorded. Then 0.5 gram sample is 
dissolved in a mixture of 5 mL HNO3 (65%) and 4 mL of H2O2 (30%). Then the concentration 
of Cr was measured  using UV-Vis Spectrometer.  

Treatment: the influence of pot size and the induction of Cd ions is repetition 6 times, 
then the data obtained were statistically calculated.  
 
3.Results and Discussion 
 
 3.1.Determination of soil volume effect .  
 

Research findings in the first year, which is the optimum pH 7.0 to 7.5 and green 
mustard optimum age 7 weeks later, in the second year followed up to determine the the 
influence of soil volume. The results of the research presented in Table 1 and Table 2. 

 
 
 
 
 

Table.1 The content of Cr (VI) in the leaves in various sizes pot experiment (n= 3) 

NO 
Heavy of 
soil (Kg) 

The average 
weight of 
samples 

(g) 

Absorbance 
Average 

concentration 
(mg/L) 

Average levels 
For dry weight of 

samples (mg Cr/Kg )  

1 0.5 0.5056 0.983 2.761 273.065 

2 1.0 0.5001 0.986 2.769 276.910 

3 1.5 0.5008 0.984 2.764 275.972 

4 2.0 0.5010 0.983 2.761 275.572 
n = the number of repeat analysis 
 

Table.2 The content of Cr (VI) in roots at different size of the pot experiment (n= 3) 

NO 
Heavy of 
soil (Kg) 

The average 
weight of 
samples 

(g) 

Absorbance 
Average 

concentration 
(mg/L) 

Average levels 
For dry weight of 

samples (mg Cr/Kg )  

1 0.5 0.5050 1.473 4.137 409.181 

2 1.0 0.4960 1.456 4.090 412.287 

3 1.5 0.5030 1.465 4.115 409.062 

4 2.0 0.5040 1.463 4.109 407.693 
n = number of repeat analysis 

Table 1 and Table 2 above are the result of chromium metal accumulation in green 
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mustard (Brassica juncea), which was analyzed by UV-Vis spectrophotometer. Chromium metal 
accumulation in leaves of green mustard with the highest variation of the pot size is 276.910 
ppm in the size of the pot 1.0 kg, while the lowest was 273.065 ppm at 0.5 kg pot size. While 
the accumulation of chromium in the highest green mustard root is 412.287 ppm in pot size 1.0 
kg and the lowest was 407.693 ppm at 2.0 kg pot size. It seems that there is no relationship 
between the size of the pot with chromium metal accumulation in green mustard because of the 
statistical analysis showed that there was no significant difference between the size of the pot 
(0.5 kg soil) with the other size larger. Only real difference is shown between the concentration 
of chromium greater in roots than in leaves. 

 
3.2. Determination of  Cd Induction Effect 

 
At this stage, the conditions of treatment in research adapted to the conditions which have 
obtained the optimum at pH 7.0 to 7.5 and harvested 40 days of age, while the concentration of 
cadmium ions are added to the soil is 25 mM. The results in this study can be seen in Tables 3 
and Table 4. 
 
Tabel 3. The content of Cr (VI) in leaves of Cd-induced ion  

NO 
Heavy of soil 

(Kg) 

The average 
weight of 

samples(g) 
Absorbance 

Average 
concentration (mg/L) 

1 0.2577 0.987 2.77 537.93 

2 0.2554 0.979 2.75 538.37 

3 0.2512 0.984 2.76 550.17 

4 0.2514 0.983 2.76 549.17 

5 0.2499 0.980 2.75 550.78 

Average 585.45 
n = number of repeat analysis  

 
Table 4. The content of Cr (VI) in roots of Cd-induced ion    

NO 
Heavy of soil 

(Kg) 

The average 
weight of 

samples(g) 
Absorbance 

Average 
concentration (mg/L) 

1 0.1568 0.984 2.764 881.39 

2 0.1536 0.947 2.660 865.92 

3 0.1529 0.942 2.650 865.29 

4 0.1535 0.953 2.680 871.98 

5 0.1540 0.967 2.720 881.91 

Average 873.30 
n = number of repeat analysis 
 
The results in the first year of Cr metal accumulation in roots and leaves of green mustard 
(Brassica juncea) is 412.287 mg/ kg and 276.910 mg/kg dry weight. In Table 3 and Table 4 
shows that the accumulation of metal ions of Cr in the roots and the leaves on green mustard 
(Brassica juncea), which was induced by cadmium is 873.30 mg/kg and 585.45 mg/kg dry 
weight. Thus, the inductor of Cd can increase the translocation of metal ions Cr significantly by 
more than two times than the accumulation of chromium without the addition of inductors. The 
highest accumulation of cadmium metals contained in the root is an average of 873.30 ppm.  
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. 4.Conclusions  
 
Based on the results of experiment, observation and discussion that has been done, it can be 
drawn several conclusions. 
1. There is no influence between the size of the pot with cadmium metal accumulation in plant 
mustard greens because of the statistical analysis showed that there was no significant 
difference among the size of the pot. 
 2. Trans location of chromium metal ions from soil into roots and leaves of green mustard 
(Brassica juncea) with the addition of the inductor metal cadmium into the soil to increase 
significantly which is two times greater  
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Abstract 
 

 This study aimed to determine the effect of adsorbent mass, adsorption time and 
concentration of dye on adsorption efficiency of activated sludge toward technical direct 
dyes and to know the effect of the adsorption process of the COD (Chemical Oxygen 
Demand) value in technical direct dyes solution. 
 The subject of this study was activated sludge. The object of this study was the 
activated sludge adsorption efficiency on technical direct dyes. Adsorption process was 
done by conditioning the variation of the mass of adsorbent, adsorption time and 
concentration of technical direct dyes. Technical direct dyes solution before and after 
adsorption were quantitatively analyzed with a COD reactor. Technical direct black dyes 
solution after adsorption were analyzed quantitatively by UV-Vis spectrophotometer. 
Adsorption efficiency expressed in terms of concentration of adsorbed dyes divided by 
the initial concentration of dye solution and multiplied by 100%. 
 The results showed that: the greater the mass of adsorbent, the higher the 
adsorption efficiency of activated sludge to technical direct dyes, the longer the time 
given to the process of adsorption, the higher the adsorption efficiency of activated 
sludge to technical direct dyes, adsorption efficiency decreases with increasing 
concentration of technical direct dyes, chemical Oxygen Demand (COD) value technical 
direct were decrease after adsorption process by activated sludge. 
 
Keywords : activated sludge, technical direct, adsorption 

 
 
 
INTRODUCTION 
 

Direct dyes are used on cotton, paper, leather, wool, silk and nylon. Direct dyeing is 
normally carried out in a neutral or slightly alkaline dye bath at or near boiling point with the 
addition of either sodium chloride or sodium sulfate [1] 

The residual Direct dyes from several industries (e,g. Textille industries, pulp and paper 
industries, craft industries) are considered a wide variety of pollutants introduced into the 
natural water resources. The discharge of dye containing effluents into environtment is 
undesirable because of the toxicity and visibility. Dyes are persistent in nature and strongly 
absorb sunlight which decrease the intensity of light absorbed by water plants and 
phytoplankton reducing photoshynthesis and dissolve oxygen of the aquatic ecosystem and 
result in increase of chemical oxygen demand (COD) [1] 

 Treatment of the effluent containing residual direct dyes is important for the protection 
of natural water resources. Biosorption technique is considered to be an effective method for 
lowering the concentration of direct dyes in waste water. Biosorption involves a combination of 
active and passive transport mechanisms starting with the diffusion of the adsorbed component 
to the surface of the microbial cell [2] 

A number of materials have been used as bioadsorbent. Activated sludge is one of 
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potential material to treat waste water contaning direct dyes in biosorption technique. Activated 
sludge is biological flok consists of microorganisms (i.e. bacteria, protozoa). More than 300 
species of bacteria were found in activated sludge. The common Genus were: Zooglea, 
Pseudomonas,Flavobacterium,Alcaligenes,Bacillus,Achromobacter,Corynbactum,Comomonas,
Brevibacterium,danAcinetobacter [3]. Activated sludge is industrial waste so using activated 
sludge to reduce dyes concentration in wastewater can support zero-waste principal. 

 
RESEARCH METHOD 
 

Batch experiment were carried out in Beakker glass containing the aqueous technical 
Direct dyes solution of the desired concentration and the known mount of activated sludge. The 
mixture was agitated for a minute using manual stirrer and allowed at contact time. The dyes 
solution was separated from activated sludge by centrifugation. The dyes concentration of 
supernatant was determinned by using uv-visible spectrophotometer. Batch experiment were 
performed for technical Direct Black and Blue at different contact time : 1; 1,5; 2; 3; 4; 5; and 
24 hours, adsorbent mass : 1; 2; 3; 4; 5 grams, initial concentration: 500; 700, 800; 900 ppm. 
Chemical Oxygen Demand (COD) of direct dyes solution before and after biosorption were 
measured using COD reactor. 

Adsorption efficiency expressed in terms of concentration of adsorbed dyes divided by 
the initial concentration of solution and multiplied by 100%. 

Adsorption ef�iciency =
Co − Ca

Co
 x 100% 

 
Co = Initial concentration of direct dyes (mg/L) 
Ca = concentration of adsorbed dyes (mg/L) 
 
RESULT AND DISCUSSION 
 

1. Biosorption of direct dyes by activated sludge 
 
Biosorption of direct dyes solution by activated sludge consist of two steps : adsorption 

as non-enzyme system and followed by degradation as enzyme system [4]. In this research, 
biosorption was done by aerobic system using aerator as oxygen supplier for aerobic bacteria in 
activated sludge.Oxygen supply in biosorption process increased the lifetime of microorganisms 
in activated sludge. In general, steps in decolorization by aerobic bacteria were adsorption of 
matrix (plasma membrane) of aerobic bacteria followed by metabolite production (i.e. enzyme) 
by aerobic bacteria [5]. Plasma membrane of aerobic bacteria used to flow oxygen, nutrient, and 
waste in aerobic bacteria cell. The adsorption process could be seen by colour change of 
bacteria flok in activated sludge from grey to black. Aerobic bacteria used carbon and nitrogen 
from direct dyes solution as carbon-nitrogen source to support their life so the enzymatic 
decolorization occurred [6]. The process caused colour intensity and concentration of direct 
dyes solution decrease. 

Some research showed that the better way to decolorize was by combination of aerobic 
and anaerobic method. In anaerobic process, complex molecule was broken to be simple 
molecule. The simple molecule can easyly biodegradate to CO2, H2O, NH3 and biomass. Fig. 1 
showed the reaction occured in biodegradation. But this research showed that aerobic process 
was able to reduce concentration of direct dyes solution. The derease of direct dyes 
concentration in solution could be seen by the decrease of direct dyes solution colour intensity 
after biosorption using activated sludge. Fig. 2 showed the decrease of colour intensity of direct 
dyes solution. Fig 2 also showed that without aeration, colour intensity of direct dyes solution 
was high but under aeration process the colour intensity was lower. It was showed that oxygen 
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supply in aeration process very important to aerobic bacteria in activated sludge. Aerobic 
bacteria need oxygen to break down organic compound to get energy. The energy was used to 
grow and multiply cells [7]. Microorganism was able to break azo bonding (-N=N-) in direct 
dyes so the colour intensity of direct dyes solution was decrease. 

 

 
Fig 1. Biodegradation of dye 

 

 
Fig 2. (a) Technical Direct Blue solution before biosorption (b) 

biosorption without aeration (c) biosorption using aeration 
 

2. Effect of Biosorbent Mass 
 

Fig. 3 showed that adsorption efficiency increase with the increase of biosorbent mass. 
It occurred both in Direct Black and Direct Blue Dyes.There were correlation between 
biosorbent mass and number of active sites[8]. The increase in the adsorption efficiency with 
biosorbent mass is due to greater availability of biosorbent surface area [2] and hence more 
active sites. The greatest adsorption efficiency values were found in 5 grams biosorbent mass 
both for Direct Black and Direct Blue dyes. The adsorption efficiency values for Direct Black 
and Direct Blue dyes recpectively were 40% and 32 % 
 

3. Effect of Contact Time 
 

Contact time was time during adsorption. Fig. 4 showed that increase in contact time 
both for Direct Black and Direct Blue dyes solution caused the increase in adsorption 
efficiency. The increase of contact time caused active sites on activated sludge had longer time 
and also more chance to interact with adsorbate (Direct dye molecules) so the adsorption 
capability of activated sludge increased[9]. 

The increase of adsorption efficiency showed that some sites still active adsorbing 
direct dyes during 24 hours contact time. The greater adsorption efficiency values of Direct 
Black and Direct Blue solution occurred at 24 hours contact time and the values were 
respectively 85,51% and 98,73% 

It can be observed (fig.4) that the biosorption was rapid within around 5 minutes of 
initial time, but the adsorption progressed at a lower rate for the remaining time. As at the initial 
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times the bulk solution concentrations were higher, the driving forces were the maximum, 
leading to maximum rates. But as the biosorption proceeds, the bulk concentration reduced 
approaching the equilibrium values and the rate decreased [2]. 
 

 
Fig 3 Effect of biosorbent mass 

 
4. Effect of Initial Concentration 

 
Fig 5. Showed that adsorption efficiency decreased with the increased of initial 

concentration of Direct Dyes solution. The increase of initial concentration cause the actives site 
were full of Direct dyes molecules. Insufficient number of active sites available for the 
biosorption of all the dye molecules, lead to higher residual concentration in solution, with 
increasing initial dye concentrations 

 

 
Fig. 4 Effect of contact time 

5. COD values 
 
COD value usually use to know whether an environtment was polluted or not. COD 
value was the amount of oxygen (mg O2) needed to oxydize organic compounds in one 
litre aqueous sample. The higher COD value means that the environment was more 
polluted. Table 1 showed that COD values in 600 ppm Direct Black and Direct Blue 
solution after 24 hours biosorption decreased. The result showed that aerobic bacteria in 
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activated sludge were able to decrease COD value of Direct Dyes solution. Aerobic 
bacteria did non-enzyme  and enzyme process toward direct dyes so the concentration 
of dyes decreased. The decrease of direct dyes concentration cause oxygen amount to 
oxydize Direct dye compounds was lower. 
 

 
Fig. 5 Effect of Initial Concentration 

 
Table 1. COD values 

Dyes COD value 
Before Biosorption After Biosorption 

Direct blue 28656,00 mg/L 4776,00 mg/L 
Direct black 3184,00 mg/L. 1751,20 mg/L. 

 
CONCLUSION AND SUGGESTION 
 

The results showed that: the greater the mass of biosorbent, the higher the adsorption 
efficiency of activated sludge to technical direct dyes, the longer the time given to the process of 
adsorption, the higher the adsorption efficiency of activated sludge to technical direct dyes, 
adsorption efficiency decreases with increasing concentration of technical direct dyes, chemical 
Oxygen Demand (COD) value technical direct were decrease after adsorption process by 
activated sludge. 
 
REFERENCES 
 
[1] Neetu Sharma, D.P. Tiwari, S.K. Singh. (2012). Decolorization of Synthetic Dyes by 

Agricultural Waste-A review. IJSER. Vol 3 Issue 2 
[2] Ratnamala and Brajesh. (2013). Biosorption of Remazol Navy Blue Dye from an 

Aqueous Solution using Pseudomonas putida. IJSET. Vol 2. No.1. 
[3] (http://www.kelair.bppt.go.id/Sitpa/Artikel/ Tekstil/tekstil.html) 
[4] Dewi RS. (2005). Potensi Bakteri Limbah Industri Tekstil Sebagai Agen 

Pendekolorisasi Pewarna Azo Sumber Pencemaran Warna Perairan. Prosiding Seminar 
Nasional dan Kongres Biologi XII: Yogyakarta, 19-22 April 2005 

[5] Awaluddin. (2001). Biodekolorisasi. Bogor : Institut Pertanian Bogor 
[6] Sharma, P., Singh, L., Dilbaghi, N. 2009. Optimization of Process Variable for 

Decolorization of Disperse Yellow 211 by Bacillus subtilis using Box-Behnken Design. 
Journal of Hazardous Materials. Vol 164. pp 1024-1029 

0

20

40

60

80

100

120

0 200 400 600 800 1000

A
d

so
rp

ti
o

n
 e

ff
ic

ie
n

cy
 (

%
)

Initial concentration (ppm)

direct blue

direct black



Dewi Yuanita Lestari et.al. / Biosorption of …                 ISBN. 978-979-99314-8-1 
 

 
C-22 

[7] Hammer, Mark J. (1986). Water and Wastewater Technology. 2nd. ed. Canada: John 
Wiley & Sons, Inc 

[8] Puvaneswari, N., Muthukrishnan, J. & Gunasekaran, P. (2006). Toxicity Assessment 
and Microbial Degradation of Azo Dyes. Indian Journal of Experimental Biology. Vol. 
44, Hlm.: 618-626 

[9] Khopkar, S.M. (1990). Konsep Dasar Kimia Analitik. Jakarta: Penerbit Universitas 
Indonesia 

  
  
  
  
  
  
  

 
 
 
  
 
 
 
 
 
 
 
 
 
 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-23 

C-4 
 

EFFECT ACTIVATION OF CHEMICAL AND PHYSICAL TO STRUCTURE 
AND ACTIVATED CARBON QUALITY FROM CHARCOAL OBTAINED BY 

PYROLYSIS OF COCONUT SHELL 
 

Djefry Tani1*, Bambang Setiaji2, Wega Trisunaryanti2, Akhmad Syoufian2 

 

1 Doctoral Student, Chemical Department, Gadjah Mada University, Yogyakarta 
2 Chemical Department, Faculty of Mathematics and Science Gadjah Mada University 

*Chemical  Department, Manado State University 
*Phone: +6285228231954, e-mail: djefta@gmail.com 

 
Abtract 

 
Activation of coconut shell charcoal has been done by a combination of chemical 

and physical activation to determine the effect of chemical activators and activation 
temperature to changes in the chemical structure and the quality of activated carbon .  
The study was conducted on charcoal coconut shell of pyrolysis results with variation of 
concentration and immersion time ZnCl2 as an activator , respectively 0.5 to 2 M for 12 
to 24 hours . Then proceed with the activation of  physics in reactor the activation of the 
temperature variation of 500 to 800 oC with CO2 gas flow rate 20 mL / min . Evaluation 
of the chemical structure and the quality of activated carbon performed FTIR , SEM , 
specific surface area , total pore volume , and average pore with Brunauer - Emmett - 
Teller ( BET ) . The results showed the results of the analysis of SPSS through 
Cofficients test  the concentration variables most affect to moisture content , ash content , 
and iodine absorption from temperature  variable and time of activation . The best quality 
activated carbon produced at a concentration of ZnCl2 of 1.5 M, 24 hours soaking time of 
24 hours  , temperature 800 oC and the activation time of 120 minutes . The results as 
moisture content of 8.47 % , volatile matter content of 18.55 % , ash content 1.44 % , 
bonded carbon content  of 80.01 % and iodine absorption of 769.74 mg / g . The results 
of FTIR analysis showed the surface of activated carbon containing CO and CH bonds , 
and SEM analysis showed the number and diameter of pores increased with the higher 
calcination temperature . Surface area ( BET ) of 359.286 m2 / g , pore volume of 1.984 x 
10-1 cm3 / g and  pore mean of 11.46 Ǻ . 

 
Keywords : coconut shell, activated carbon , ZnCl2 , SPSS , FTIR , SEM , BET 

 

 
Introduction 

Fulfilling active carbon need in the world increase every year. For example in 2007 it 
reached 300,000 per year. In big countries such as United States, its demand per capita was 
about 0.4 kg per year and Japan it was about 0.2 kg per year. In Indonesia, active carbon 
demand was more than 200 ton a month or 2400 ton per year; most of them was still imported 
for pharmaceutical industry and other industries (Bansal and Goyal, 2005; Fitriani, 2008). The 
greater demand for domestic active carbon requires searching basic material source as 
alternative to make active carbon. One of the alternative sources is product of coconut tree in 
which coconut shell have not been used optimally yet. When the coconut shell is processed 
further, it will give higher economic value (Mandey, 2007). One of ways to process coconut 
shell is pyrolisis process. Pyrolisis process will produce coconut shell charcoal, liquid smoke, 
tar, and uncondensed gases. Charcoal is porous solid material resulted from material containing 
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carbon. Most of its pore is still covered with hydrocarbon, tar and other organic compound. Its 
component consists of fixed carbon, ash, water, nitrogen and sulphur. Coconut shell charcoal 
from pyrolisis process is potential to process as active carbon (Scok et al, 2005). Active carbon 
product from coconut shell charcoal has many micropore, high surface area and high adsorption 
capacity (Keneeth, 2002; Manocha, 2003). 

Process of making active carbon consists of two steps: carbonization process and 
activation process. Main product resulted from carbonation process is charcoal with side 
product of tar, liquid smoke and carbon. However, resulted carbon has low surface area and 
usually less active due to very small adsorption rate. So, it is necessary followed with activation 
process functioning to develop porosity and adding surface area (Rodenas et al, 2005; 
Cuhadaroglu and Uygun, 2008). 

Activation method commonly used in making active carbon is physical and chemical 
activation. Physical activation process is charcoal activation to develop pore from active carbon 
with aid of hot vapor and inert activating gas in high temperature of 800 to 11000C (Teng et al, 
1998; Hong et al, 2000; Lee and Lee, 2001). Activation temperature is a variable that very 
influence characteristic of active carbon. In high temperature condition without air will resulted 
high quality active carbon where volatile components will loss so fixed carbon level is high. 
Chemical activation is a process of cutting carbon chain from organic compound using chemical 
material as activator (Derbyshier et al, 1995). Some activators commonly used in making active 
carbon are KOH, NaOH, ZnCl2, KCl, H3PO4 HCl and so on (Sricharoenchaikul et al, 2008; 
Babel, 2004). However, in other side, making active carbon with only chemical activation has 
weakness of corrosion process, washing process and cannot regulate resulted active carbon pore 
(Balci et al 1994; Sricharoenchaikul, 2008; Timur et al, 2006). 

This research studied activation process of coconut shell charcoal from pyrolisis process 
using chemical activation and physical activation using ZnCl2 as activator with CO2 activating 
gas. The combination method is expected to make active carbon at lower temperature, easier 
and at lower cost but with high commercial value. The combined method will result in high 
quality active carbon with greater surface area and high adsorption capacity. It will contribute to 
science and technology of making active carbon useful for industry in the future and it can 
develop optimally distribution of pore dimension according to industry desire. 
 
Experimental 
Material 

Coconut shell resulted from pyrolisis from PT TNI, ZnCl2, gas CO2, Kl, Na2S2O35H2O, 
distilled water, KIO3, I2, HCl 
 
Instruments: 

A set of pyrolisis tool, a set of activating reactor, 100 mesh and 80 mesh sieve, 
electronic balance, oven, desiccator, electric furnace, magnet stirring, pH meter, laboratory glass 
tools. 

 
Procedure 
Preparation of coconut shell sample 

Coconut shells were cleaned and their dimension were decreased to about 3 x3 cm, and 
weighted for 1500 gram and used as pyrolisis sample. 
 
Carbon activation step 

Coconut shell charcoal of pyrolisis process is grind and pound to make fine powder. 
Then it was filtered using 100 mesh sieve. Charcoal is activated by being flowed with CO2. In 
this step, chemical activation was done by soaking and followed with heating with CO2 flow. 
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1. Chemical activation step 
In this step coconut shell charcoal from pyrolysis that has been sieved was soaked in ZnCl2 

solution with various concentration and soaking duration (0.5 – 2.0 M and 12 to 24 hours). 
Charcoal that have been soaked was sieved with vacuum filter and heated in oven at 1200C 
for 2 hours to produce dry charcoal then put into desiccator. 

2. Physical activation step 
Charcoal resulted from chemical step was put into tube furnace activation reactor given with 
glasswool at lower and upper part, then activated at various temperature (500 to 8000C) and 
flowed with CO2 20 ml/minute for two hours. Then, the charcoal was soaked in 1M HCl 
solution for 24 hours. Then the charcoal was washed with distilled water to make neutral 
filtrate (measurement with pH meter). It was sieved and dried in oven at 1100C for two 
hours. Active carbon was ready to analyze 

3. Active carbon analysis 
Active carbon test including physical and chemical characteristic consist of macro and 
micro analysis. Macro analysis includes moisture content, volatile content, ash content, 
fixed carbon content, and adsorption capacity iodine. Result of macro analysis is tested with 
coefficient test using SPSS. Analysis of micro structure include function group with FTIR, 
surface structure with SEM, BET surface area, total pore volume and average pore 
diameter. 

 
Fourier Transform Infra red (FTIR) analysis 

Active carbon sample structure of activation result was analyzed using Fourier 
Transform Infrared (FTIR) Shimadzu model IR-prestige-21 and made pellet KBr. It was used to 
identify mineral function group. 
 
Scanning electron microscopy (SEM) 

Scanning electron microscopy (SEM) was used to analyze micro structure of surface of 
active carbon before and after activation. 

 
BET surface area analysis 

Pore structure analysis and surface area analysis was done using surface area analyzer 
Nova ver 2.2. Determination of surface area was done with BET method to calculate surface 
area of active carbon resulted from pyrolisis of coconut shell charcoal. In addition with BET 
equation, total pore volume and average pore radius may be determined. 
RESULT AND DISCUSSION 

This research was done to identify effect of chemical treatment using ZnCl2 activator in 
making active carbon from coconut shell charcoal using chemical and physical activation 
methods. 

 
Moisture matter of active carbon  

Presence of water in carbon related to hydroscopic characteristic of the carbon, in which 
carbon has greater affinity than water. Data obtained indicated that moisture content of active 
carbon resulted from this research meet Indonesian Industrial Standard (SII no. 0258-79) 
maximally of 15%. Its graphical perspective is presented in figure 1. 
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Figure 1. Effect of ZnCl2 concentration and temperature on moisture content of active carbon  

 
Figure 1 reveals that grater concentration of activator solution used in active carbon 

soaking will result in higher moisture content. Soaking process with activator was done to 
reduce tar content, so the more concentrated activator the less tar content in carbon. In result, 
pore in active carbon is increasingly great and much. Greater and more pore lead to increase in 
its hydroscopic characteristic. It causes adsorption of water from atmosphere by active carbon 
will increase, which lead to increase in moisture content in the active carbon. 

Coefficient test indicates three independent variables on moisture content (%) is 
temperature (16.159), concentration (12.110) and soaking duration (4.822) (see t count in t 
column t in coefficient table). Result of multiple regression test using SPSS software indicate 
that the three variables affect water content. 
 
Ash content 

Process of testing ash content will indicate ash of metal oxide in charcoal consisting of 
mineral that can evaporate in incineration process. Effect of activator concentration on ash 
content in active carbon is presented in figure 2. 

 
 

Figure 2. Effect of ZnCl2 concentration and temperature on as content of active carbon 
 
Figure 2 shows that ash content of all active carbon obtained in this research fulfill SII 

no 0258-79 (maximal 10%) because it was about 0.55-1.44. at activator concentration of 0.5-2.0 
M, ash content increased. It relates to forming pores in active carbon. Ash content in active 
carbon also relates to raw material and its process. High activator concentration will add surface 
area of active carbon due to great and many pores. Active carbon consists of layers piling to 
each other making pore. During pore forming, there occur crystal field burning that resulting 
ash. The more pore made, the more ash produced. 

Coefficient test indicated three independent variables affecting ash content are 

Dot/Lines show Means

Dot/Lines show  Means
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temperature (7.296), concentration  (-2.501)and soaking duration (1.096) (see t count in t 
column t in coefficient table). 
 
Volatile matter content 

Volatile substance in active carbon consists of water and tar residue that does not fully 
disappear in carbonization process. Obtained data indicated that volatile substance content in 
active carbon obtained in this research still comply with SII no 0259-79 (25%), as indicated in 
figure 3. 

 
 

Figure 3. Effect of ZnCl2 concentration and temperature on volatile matter content of 
active carbon  
 

Figure 3 indicated that higher concentration of activator solution will decrease volatile 
substance. So, higher ash content indicated lower volatile substance content in active carbon. It 
is due to absorbed activator will cause erosion in carbon, which reduce efficiency of heating 
process in activation. In other words, temperature of activation process is low. When activation 
was done in low temperature, then volatile substance content will increase. Then, decomposition 
of non carbon compound such as CO, CH4 and H2 is expected not perfectly running. The 
graphic indicated that various concentrations can reduce volatile substance content but their 
decrease is not great so did no affect the volatile matter. 

Based on coefficient test, the three independent variables most influencing volatile 
matter content are temperature (-4.021), concentration (-3.233) and soaking period (-2.126) (see 
t count in t column in coefficient table). 
 
Fixed carbon content 

Fixed carbon content is carbon obtained based on deduction of all sample weight 
(100%) on volatile matter and ash content. Fixed carbon content in active carbon was 50%-90%. 
Therefore, main composer of active carbon is carbon. The data indicated that highest fixed 
carbon content resulted from carbon activated with 1.5M ZnCl2, with 24 hour soaking period 
and at 8000C. Fixed carbon content obtained with various concentration still comply with SII no 
0258-79 (at least 65%). The data is presented in figure 4. 

 

Dot/Lines show Means
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Figure 4. Effect of ZnCl2 concentration and temperature on fixed carbon content of 

active carbon  
 

Figure 4 indicated that increase in activator solution concentration will increase fixed 
carbon content. Factors influencing increase in carbon content are ash content and volatile 
matter content. Lower ash content and volatile matter content in active carbon indicated higher 
fixed carbon content. Therefore, purity of active carbon will be higher. 

Based on coefficient test, the three independent variables most influencing fixed carbon 
content are temperature (3.418), concentration (3.400) and soaking period (2.023) (see t count in 
t column in coefficient table). 
 
Iodium number  

Adsorption of aqueous iodine is one of main characteristics of active carbon 
determining quality of active carbon. Test result indicated that active carbon having best 

adsorption number iodine is that in 1.5 M concentration (769.74 mg/g). The adsorption number 
on iodine resulted in this research comply with SII no.0258-79 (at least 200 mg/g).

 
 

Figure 5. Effect of ZnCl2 concentration and temperature on iodine adsorption number 
active carbon 

 
Figure 5 reveal high activator solution will increase adsorption number over iodine. It is 

cause due to tar content in active carbon increasingly decrease with increasing activator 
concentration at soaking, where soaking process with activator was done to reduce tar content. 
Therefore, more concentrated activator solution used indicates decrease in tar content in active 
carbon. It causes greater pores in active carbon or increase in surface area of active carbon. The 
grater surface area of active carbon, the higher absorption number it has. 

Based on coefficient test, the three independent variables most influencing adsorption 

Dot/Lines show Means

Dot/Lines show Sums
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number iodine are temperature (12.668), concentration (9.417) and soaking period (3.964) (see t 
count in t column in coefficient table). 
Analysis of function group using active carbon FTIR before and after activation with 
activator Zinc chloride (ZnCl2) at concentration of 1.5 M, 24 hour soaking period and 
8000C 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. FTIR spectrum of carbon before and after activation with various activation periods 

 
The FTIR spectrum of coconut shell charcoal of pyrolisis without activation informs 

presence of absorption band in wave number 3487.3-3417.86 cm-1 appearing stretching 
vibration of O-H group. This vibration is supported with absorption band in wave number 
1381.03-1165 that is stretching vibration of C-O and bending vibration of OH from alcohol and 
carboxylate acid. In addition, in wave number 2337.72 cm-1 is stretching vibration of 
carboxylate acid. Wave number 1581.63-1527.62 cm-1 is stretching vibration of C=C in 
aromatic ring. Absorption band 802.39-747.38cm-1 indicated C-H out of plane bending in 
aromatic ring. 

The spectra of the prepared activated carbon resulted from activation with ZnCl2 is 
relatively similar to shell charcoal without activation. However, its absorption rate decrease or 
increase according to activation duration so there is shift in wave number. Absorption band in 
wave number 3448.72 cm-1 appear stretching vibration of O-H. The vibration is supported by 
absorption band in wave number 1342-1080.14 cm-1 that is stretching vibration of C-O and 
bending vibration of OH from alcohol and carboxylate acid. In addition, there is absorption in 
wave number 2337.72 cm-1 that is stretching vibration of carboxylate acid. While in wave 
number 1635.64 cm-1 is stretching vibration of C=C in aromatic ring. Absorption band in wave 
number 802 cm-1 indicate C-H out of plane bending in aromatic ring. Change in function group 
structure in active carbon may be due to effect of charcoal calcination temperature and duration 
of activation. Active carbon resulted in activation process has absorption pattern with bonding 
type –OH, C-H, C –O, and C=C. OH and C=O bonding indicated active carbon tend to be polar 
so active carbon can be used as adsorbent. 

 
Active carbon analysis with scanning electron Microscope (SEM) 

Carbon before and after activation process was analyzed using SEM. Result of imaging 
using SEM describing carbon surface is presented in figure 7 and 8. 
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Figure 7. SEM photograph of coconut shell charcoal before activation with 1500 times and 2500 
times magnification 
 

            
 
Figure 8. SEM photograph of coconut shell charcoal after activation at 1.5 M ZnCl2 

concentration, 24 hours soaking, at 8000C and 120 minutes activation period with 1500 times 
and 10.000 times magnification 

 
Figure 7 and 8 indicates shows active carbon before and after activation with activator 

ZnCl2. Result of SEM before activation indicate much impurity covering pore surface of the 
carbon (figure 7) compared with after activation (figure 8) in which carbon pore surface more 
porous. It indicates that activation process can open and shape new pore in carbon. New pore 
shaping appear in pore diameter distribution 

 
Characterization of active carbon from coconut shell charcoal with nitrogen adsorption-
desorption 

Adsorption-desorption isotherm for active carbon of coconut shell charcoal before and 
after activation is presented in figure 9. Based on classification of adsorption type, adsorption 
isotherm obtained is type IV. Hysteresis indicate mesoporous isotherm. Occurring hysteresis is 
loop but there is no presented in figure 9 because it occurred in relative small pressure. Coconut 
shell charcoal resulted from pyrolisis indicated broader hysteresis than active carbon resulted 
from chemical and physical activation with ZnCl2. However, both samples have hysteresis in 
low pressure. It provides information about addition of complexity of active carbon pore after 
activation. 
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Figure 9. Isotherm of adsorption-desorption of active carbon resulted from activation 
 

Activation of active carbon from coconut shell charcoal have changed its characteristic. 
It is due to effect of  active carbon cavity blocking by cation after activation process. 
Distributions of active carbon pore dimension before and after activation increase significantly 
as revealed in figure 10. The figure shows that distribution of active carbon pore dimension after 
activation with ZnCl2 has peak around pore radius 11.04 Å so dimension of the active carbon 
pore is mesopore. 

 

 
 

Figure 10. Distribution of active carbon pore dimension before and after activation 
 

Surface area, pore size and pore volume is very important characteristic for material 
function as adsorbent because it determine measurement of internal surface available for active 
site. Parameter of active carbon pore structure before and after activation may be seen in table 6. 
The table indicates that active carbon before and after chemical activation with activator ZnCl2 
and physical activation at concentration of 1.5M soaking duration of 24 hour at 8000C and 120 
minutes activation period change pore structures of surface area, pore radius and pore volume. 
 
Table 1. BET surface area, total pore volume, average pore radius of active carbon 

Sample BET surface area (m2/g) 
Totalpore volume 
(x 10-1 cm3/g) 

Average pore 
radius (Å) 

carbon 15,451 0,217 26,478 

Z8-1.5-24-120 359,286 1,984 11,045 

0
200000
400000

600000
800000

1000000
1200000
1400000

0.00E+00 2.00E+04 4.00E+04 6.00E+04 8.00E+04 1.00E+05 1.20E+05

V
o

lu
m

e
 p

o
re

i (
cc

/g
)

Relative pressure (P/P0)

Arang

Z-120

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

0.00035

0.0004

0 100 200 300 400 500 600 700 800

vo
lu

m
e 

p
o

re
i d

V
r 

(c
m

3

/Ǻ
/g

10
 -3

)

average pore radius [Ǻ]

Z-120

Arang



Djefry Tani, et.al. / Effect Activation Of …                   ISBN. 978-979-99314-8-1 
 

 
C-32 

 
Table 1 indicates that active carbon surface area before and after activation increased 

from 15.4561 m2/gram to 317.1 m2/gram along with increase in ZnCl2 activator concentration 
and activation temperature (1.5M and 8000C). It is due to at 8000C, volatile substances or non 
volatile substance will discharge from pore that will form new pore and increase surface area 
and pore volume and decrease average pore radius. 
 
Conclusion 
1. Result of SPSS analysis on coefficient test indicated temperature most influence moisture 

content, volatile matter, ash content, fixed carbon content, iodine number compared 
concentration and soaking duration variables. 

2. Active carbon resulted from activation process has adsorption pattern with binding types of 
O-H, C-H, C-O, and C=C. O-H and C=O bonding indicates active carbon tending to be 
more polar that can be used as adsorbent. Effect of carbonization process and activation can 
increase aromatic compound as composing hexagonal structure of charcoal and active 
carbon. 

3. Chemical and physical activation of coconut shell charcoal with ZnCl2 activator affect 
characteristic of active carbon. It may be seen in morphology of surface structure that is 
more porous and greater surface area. 

4. Best active carbon obtained in ZnCl2 concentration of 1.5 M, 24 hour soaking duration, 
8000C and 120 minutes activation duration. The condition resulted in 8.47% moisture 
content, 18.55% volatile matter, 1.44% ash content, 80.01% fixed carbon and 769.74 mg/g 
iodine number. 

5. Active carbon from activation with various activation has similar pattern, smaller pore 
diameter and grater pore volume than that without activation. The active carbon has BET 
surface area of 359.286 m2/g, pore volume 1.984 x 10-1cm3/g and average pore radius of 
11.045 Å. 
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Abstract 
 

LiMn2O4 offers more affordable price than other cathode materials for lithium ion 
batteries. The other factors are the abundance of the Mn element in nature and its low 
level of toxicity. Therefore, this study aims to investigate the effects of calcination 
temperature on the synthesis of LiMn2O4to obtain better condition for calcination to 
produce LiMn2O4. In this study, cubic LiMn2O4 is synthesized by Polymer Matrix 
Deposition Method using hydrothermal technique. Precursors used were LiOH, ethylene 
glycol and Mn(CH3COO)2. The precursors were synthesized at 150oC for 6 hours and 
calcined for 4 hours in different temperature variations in order to produce crystals with 
different sizes and crystalinity. The interval calcination temperature is 500-900oC. The 
compound was characterized by XRD, TEM and then was analyzed by U-Fit program. It 
is found that at low calcination temperatures, impurities MnO2 is present but it decreases 
along with the increase of calcination temperature. The lattice parameters and volume of 
LiMn2O4also increase with the increase in heating temperature.The optimum calcination 
temperature is 700oC. 
 
Keywords:  LiMn2O4, polymer matrix-based alkaline deposition method, calcination 
temperature 

 

 
INTRODUCTION 

Today battery is almost inseparable from everyday life. Cell phones, digital cameras, 
laptops, hybrid cars, all require batteries as their energy source. Thus the prospect of battery 
asthe future energy source becomes strategic and economical. Among the many types of 
batteries,lithium battery has received great attention in research. In addition to having high 
power, lithium battery is lightand can be used many times (rechargeable). With the rapid 
development of technology, lithium battery is supposedly able to produce higher energy become 
indispensable (Thackeray, 1983). 

Materials widely used as lithium battery cathode are LiNiO2 and LiCoO2 layered or the 
LiMn2O4 spinel structure (Howard et al., 2003; Sarciaux, 1998). Compared to other lithium 
compounds such as LiNiO2 and LiCoO2, LiMn2O4 compound has more affordable price, 
abundance, and low toxicity level (Ritchie and Howard, 2005). LiMn2O4 has a spinel structure 
with the shape of the Li+ ions fill the spinel tetrahedral cavities so that the flow of electricity or 
ion exchange electrons received from the anode (reduction reactions) can take place through 
these cavities (Van der ven et al, 2000). 

Preparation of spinel LiMn2O4 is usually performed in a high temperature, between 700-
900oC, with the reaction in the form of solid materials including manganese oxide, nitrate or 
carbonate with lithium hydroxide, nitrate, or carbonate (Zhang, 2011). However, the final 
product of this reaction often contains too much impurities and the crystalline structure is not 
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well-shaped. To reduce it, various preparation methods such as sol-gel method, spray pyrolisis, 
hydrothermal (Hwang, 2001; Larcher, 1997; Sarciaux, 1998; Singh, 2010; Wang, 2002; He at al, 
2003) have been developed. 

In this study, we report the combination method using hydrothermal method and 
polymer matrix deposition techniques to synthesize LiMn2O4in various calcination temperatures 
to produce better LiMn2O4. Hydrothermal method using aqueous solvent takes place at a 
temperature and autogenous pressure of the bomb hydrothermal. Polymer Matrix Deposition 
technique uses ethylene glycol as polymer matrix. Precursors used in the synthesis process must 
be in the liquid phase. The polymers are used so that the precursors can be dispersed evenly in a 
polymer precursor that can be mixed homogeneously. Thus the reaction is expected to be 
running perfectly. 

 
RESEARCH METHOD 

The procedure was performed by making 50 mL of 0.4 M LiOH solution of LiOH 
crystals by weighing 0.2444 grams of crystalline LiOH using 50 mL volumetric flask. Then, 50 
mL solution of Mn(CH3COO)2 0.1 M of crystalline Mn (CH3COO)2.4H2O was prepared by 
weighing 1.2379 grams of crystalline Mn(CH3COO)2.4H2O using 50 mL volumetric flask. Both 
solutions were incorporated into a hydrothermal bomb, as much as 10 mL of ethylene glycol 
was added. The solution was then heated in an oven at 150°C for 6 hours. The resulting solid is 
then filtered and was put at room temperature for 24 hours. After that, the solid was calcined at 
900oC for 6 hours. The solid was then characterized by XRD and TEM. Similar calcination 
steps were also carried out to the temperature variations (T: 500.600, 700, 800, 900oC). 

 
RESULT AND DISCUSSION  

This study was conducted to determine the effect of calcination temperature in the 
synthesis of LiMn2O4compounds using alkaline synthesis method based on the characteristics of 
LiMn2O4 polymer matrix. The polymer matrix-based alkaline deposition method can be 
categorized as a liquid phase reaction, which was part of soft chemical (chimie douce). This 
method is a combination of two methods: method of deposition and method of forming the base 
polymer matrix. The polymer matrix used in this study is ethylene glycol, which serves as a 
flocculant binder. Thus, after the addition of ethylene glycol, the bonds between the reactant 
compound will be disconnected and the polymer matrix will envelop the flocculant, so that the 
flocculants trapped in the matrix become more homogeneous. 

The technique used in this study is hydrothermal technique as the formed crystalshave a 
high degree of purity, controllable stoichiometry, limitable particle size, controllable 
morphology, uniform and high crystallinity (Thackeray, 1983). Characteristics of LiMn2O4 
compounds include the nature of crystallinity can be seen from the X-ray diffraction pattern. 

Conducted at calcination temperature variations  of 500, 600, 700, 800 and 900oC,the 
reaction of Mn(CH3COO)2 and LiOH then yielded LiMn2O4. The synthesis performed at a 
temperature of 150oC for 6 hours synthesis in aqueous solvent with hydrothermal method. 

The resulting solidsare reddish black in color. Subsequently, the solids were 
characterized using X-ray diffraction, whose measurements were performed using an X-ray 
diffractometer in the region of 10° ≤ 2θ ≤ 80° with a step size 0.0200 degrees, source of Cu Kα 
radiation (1.54060 Ǻ), scan speed of 5.00 degrees per-minute, and irradiation performed 
continuously every 0.24 seconds. Smoothing process was conducted to clarify the X-ray 
diffraction pattern generated. U - Fit program is used to determine the space group and lattice 
parameters of the compound LiMn2O4,while TEM is used to determine the particle size of 
LiMn2O4. 
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Figure1. X-ray diffraction pattern of solids produced in the calcination temperature 

variations of 500, 600, 700, 800 and 900oC 
 

Table 1. Crystal plane (hkl) of solids generated at each temperature calcination 
 

Solid 
produced at 

500oC 

Solid 
produced at 

600oC 

Solid 
produced at 

700oC 

Solid 
produced at 

800oC 

Solid 
produced at 

900oC (h k l) 

2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 

18,723 21,
9 

18,699 29,
2 

18,698 20,
3 

18,660 
22,7 

  (1 1 1) 
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68.
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43,903 

8 
  (4 0 0) 

 
 

45,198 10,
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        64.621 20 (4 4 1) 
  48,140 6,3       (3 3 1) 
 

 
49.419 12,
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58,420 18,
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(3 3 3) 
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1 

 
   

(4 4 0) 
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Solid 
produced at 

500oC 

Solid 
produced at 

600oC 

Solid 
produced at 

700oC 

Solid 
produced at 

800oC 

Solid 
produced at 

900oC (h k l) 

2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 

      65,772 13,6   (5 3 0) 
    67,305 6,3     (5 3 1) 
69,634 12,

5 
    

 
   

(6 1 0) 

  72,205 6,3       (6 2 0) 
74,00 9,4         (6 2 1) 
        74.099 8.8 (6 3 0) 
  77,620 6,3       (5 4 1) 

 
Table 2.Crystal plane (hkl) of LiMn2O4at each calcinationtemperature 

 

Solid 
produced at 

500oC 

Solid 
produced at 

600oC 

Solid 
produced at 

700oC 
 
 
 

Solid 
produced at 

800oC 

Solid 
produced at 

900oC (h k l) 

2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 

18,723 21,
9 

18,699 29,
2 

18,698 20,
3 

18,660 
22,7 

  (1 1 1) 

36,179 
100 

36,198 47,
9 

36,179 30,
4 

 
 

36.160 100 (3 1 1) 

37,983 15,
6 

    
 

 
  (2 2 2) 

44,003 12,
5 

  43,884 7,6 
43,903 

8 
  (4 0 0) 

  48,140 6,3       (3 3 1) 
 

 
  63,943 10,

1 
 

   
(4 4 0) 

    67,305 6,3     (5 3 1) 
 

Based on the data presented in Fig. 1 and Table 2, there are differentpeaksin each 
calcination temperature. At 500°C,sharp peaks were formed showing that the calcination 
temperature forms crystalline solids with high peak intensity. At 600-800°C,the peaks become 
sharper but their intensity is lower compared to those at 500oC. Meanwhile, at 900°C there is 
only one peak corresponding to the hkl plane LiMn2O4 but has a high intensity. It can be 
concluded that the compound calcinated at 500 and 900°C has the best crystallinity compared to 
other temperatures. Of the five calcination temperatures, one which has the highest number of 
peaks with hkl plane corresponding to the standard LiMn2O4hklplane is 700°C, i.e. with 5 peaks. 
Thus, the optimum temperature for the synthesis of LiMn2O4 by using polymer matrix based 
alkaline deposition method is 700°C. 

In addition to the peaks of LiMn2O4 compound, the X-ray diffraction patterns also show 
peaks of impurities, largely in the forms of MnO2compound. By using the U-Fit program and 
after matched with the standard of MnO2compound data obtained 2θ and I / Io peaks of X-ray 
diffraction patterns of MnO2compound impurity in Table 3. 
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Table 3. Crystal plane (hkl) of  MnO2at each calcinationtemperature 

 
Solid 

produced at 
500 oC 

Solid 
produced at 

600 oC 

Solid 
produced 
at 700 oC 

Solid 
produced at 

800 oC 

Solid 
produced at 

900 oC (h k l) 

2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 2θ I/Io 

29,019 
28,
1 

28,981 12,5 
28,9
23 

8,9 28,982 6,8 28.96 33 (3 0 0) 

        31.097 16 (0 0 1) 
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80 
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30,
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  59,882 14,6 
59,8
42 

8,9 59,878 8 59.899 40 (6 0 0) 

  65,740 14,6 
65,6
40 

15,
2 

65,722 
13,
6 

  (0 0 2) 

69,634 
12,
5 

        (6 0 1) 

74,000 9,4         (3 0 2) 
77,445 9,4         (3 1 2) 

 
 

Table 4. Lattice Parameter of LiMn2O4 
 

Lattice 
Parameter and 
Volume of 
Crystal 

Calcination Temperatures 

500oC 600oC 700oC 800oC 900oC 

a (Ǻ) 8,187912 8,267488 8,230189 8,284771 8,302322 

b (Ǻ) 8,187912 8,267488 8,230189 8,284771 8,302322 
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Lattice 
Parameter and 
Volume of 
Crystal 

Calcination Temperatures 

500oC 600oC 700oC 800oC 900oC 

b (Ǻ) 8,187912 8,267488 8,230189 8,284771 8,302322 

V (Ǻ3) 548,9332 565,0940 557,4802 568,6455 572,2670 

 
Based on Table 4, it can be concluded that the lattice parameters of crystalline LiMn2O4 

has a cubic structure Fd3m. The lattice parameters for the material prepared at 700oC for 
LiMn2O4 was almost identical to the standard value of 8. 245 Å, according to JCPDS card file 
No. 35-782. Table 4 shows that the lattice parameters of the crystal and the crystal volume have 
a tendency to rise in line with increasing calcination temperature. This indicates that the higher 
the calcination temperature,the bigger both the lattice parameters and the volume of the crystal. 
At low calcination temperatures, the resulting crystals have a relatively lower degree of 
crystallinity. In the crystal resulting from low temperatures, there are still many crystal defects. 
The higher the calcination temperature, the less the crystal defects will be and the higher the 
degree of crystallinity. 

The larger the crystal volume and the better the crystallinity, the better the electrical 
conductivity of the crystal, as when the crystal volume gets bigger, the ions space will also get 
wider so that the ions will freely move in and out, making the resulting electrical conductivity 
better. It is therefore expected that the produced LiMn2O4 will be used as the more durable 
cathode material of lithium batteries. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure2. TEM of LiMn2O4 
  
Fig.2 shows that the LiMn2O4 solids generated from the polymer matrix-based alkaline 
deposition method with hydrothermal technique have good spherical morphology and uniform 
particle size between 20-50 nm. 
 
CONCLUSION AND SUGGESTION 
Based on the above discussion we can conclude the following:  

1. Compound LiMn2O4 in various calcination temperature, T: 500, 600, 700, 800 and 900 
°C can be synthesized with the polymer matrix deposition method using hydrothermal 
techniques. 

2. Compounds synthesized LiMn2O4 (T: 500, 600, 700, 800 and 900 °C) has a cubic 
crystal structure with Fd3m phase alleged major and MnO2 phase with minor phases 
with crystal structures orthorhombic. 

A further research on the synthesis of compounds of Li with other methods to obtain the results 
that have single crystal structure. 
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Abstract 
 

 The objective of this research were to study the characteristic of silver 
nanoparticles, the characterictic of silver nanoparticle impregnated on the bacterial 
cellulose, and the effect of silver nanoparticles toward antibacterial activity of bacterial 
cellulose and its composites. Bacterial cellulose of rice wastewater is fermented by 
Acetobacter xylinum for 7 days. The water containing bacterial cellulose is removed by 
heating in the oven. Bacterial cellulose, bacterial cellulose-chitosan composites and 
bacterial cellulose-chitosan-glycerol composites had been prepared by immersing dry 
bacterial cellulose in chitosan and glycerol solution. The silver nanoparticles was 
prepared by chemical reduction with using silver nitrate solution and  tri-sodium citric as 
reducing agent. UV-Vis spectrometry indicated formation of nanoparticles. To achieve 
antibacterial activity, silver nanoparticles were impregnated into bacterial cellulose-
chitosan-glycerol composites by immersing method. Morphology of nanoparticels 
impregnated in bacterial cellulose-chitosan-glycerol composites was examined by SEM. 
The antibacterial activity of silver nanoparticles which was impregnated on the bacterial 
celluloce-chitosan-glycerol was examined by shake flask turbidimetry and clear zone 
method. The UV-Vis spectroscopy revealed the formation of silver nanoparticles by 
exhibiting the typical surface plasmon absorption maximum at 419 nm. The SEM image 
showed that the silver nanoparticles has been impregnated in the surface of bacterial 
cellulose. The nanoparticles of silver-impregnated bacterial cellulose-chitosan-glycerol 
composites exhibited antibacterial activity against S.aureus and E.coli.  

 
Key words: antibacterial activity, bacterial celullose, bacterial cellulose-chitosan, 
bacterial cellulose-chitosan-glycerol composite, silver nanoparticles. 

 
 
 
INTRODUCTION 

Nanoparticles are particles that have dimensions less than 100 nanometers. The  surface 
area per unit weight nanoparticles is greater than the width of the particles. This  nanoparticle is 
more reactive than some other molecule. Silver nanoparticles have been shown to have good 
ability as the anti- microbial against bacteria, viruses and microorganisms eukaryotic structural. 
Colloidal silver is particularly interesting because it has unique properties and a good 
conductivity material, chemically stable, can act as a catalyst, and has an antibacterial activity. 
In low concentrations of silver is not toxic to human cells [1]. 

Colloidal silver has long been known as an antibacterial. The shape and size of 
nanoparticles is critical in determining the optical properties, electrical, magnetic, catalytic, and 
antimicrobial. The smaller size will parikel greater antimicrobial effect . Factors that affect the 
size of the particles in the synthesis is the temperature, reducing agents, concentration and 
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reaction time. Studies have shown that the particle size, morphology, stability and properties of 
metal nanoparticles is influenced by the operating conditions of the experiment, the kinetics of 
the interaction among the metal ions, reductor, and the absorption of stabilizer [2].  

Cellulose is the most abundant natural biopolymer on the earth, synthesized by plants, 
algae, and also some species of bacteria [3]. Bacteria also synthesized cellulose, including the 
genera Agrobacterium, Rhizobium, Pseudomonas, Sarcina, and Acetobacter [15].  Bacterial  
cellulose is produced by Acetobacter xylinum is markedly different from cellulose obtained 
from trees and cotton. From the culture medium a pure cellulose network free of lignin and 
hemicellulose is obtained as a highly hydrated pellicle made up of a random assembly of ribbon 
shaped fibers less than 100 nm wide. These fibers themselves are composed of a bundle of 
much finer microfibrils of nanometric size [3, 4]. The unique properties provided by the 
nanometric structure have lead to a number of commercial products including tires, headphone 
membranes, special papers, and textiles [4], medical applications including temporary skin 
substitution [4, 7].  

Unlike cellulose from plants, bacterial cellulose (BC) is chemically pure and free of 
lignin and hemicelluloses. Bacterial cellulose does not require remedial processing to remove 
unwanted polymers and contaminants, and therefore, retains a greater degree of polymerization 
[3].  BC has high crystallinity, 2 common crystalline forms of cellulose, designated as I and II. 
Cellulose I is synthesized by the majority of plants and also by A. xylinum in static culture, 
parallel ß-1,4-glucan chains are arranged uniaxially. Whereas   ß-1,4-glucan chains of cellulose 
II are arranged in a random manner. They are mostly antiparallel and linked with a larger 
number of hydrogen bonds that results in higher thermodynamic stability of the cellulose II. [1, 
4]Bacterial cellulose is also used as a source of dietary fiber (nata-de-coco) [2], as binding or 
thickening agents. Interesting composite materials may also be obtained from cellulose. The 
water uptake depends on the crystalline state of cellulose and the amount of grafted acrylic 
counterpart [2]. Cellulose phosphate membranes were also studied concerning their biomedical 
applications. Phosphorylated cellulose seems to be interesting material for bone regeneration 
and osteointegration.  
 Bacterial cellulose has unique structural and mechanical properties as compared to 
higher plant cellulose, BC is expected to become a commodity material in various fields.  The 
BC fibers  have a high aspect  ratio with a diameter of 20-100 nm. As a result, BC has a very 
high surface area per unit mass. This property, combined with its highly hydrophilic nature, 
results in a very high liquid loading capacity. Morever, biocompatibility makes it an attractive 
candidate for a wide range of applications in different fields, especially those related to 
biomedical and biotechnology applications  [5]. However, in most practical applications, BC 
may not be of perfect quality and its cost may not be suitable for industrialization either. For 
economical mass production, it is essential to design a culture aeration and agitation process 
[10].  

Media that can be used as a place to live bacteria is coconut water, wastewater of 
cassava and rice wastewater and other sources. Rice wastewater is household waste which still 
contains starch and other compounds content carried by water during the process of washing 
rice [18], so that the rice wastewater can be used as a medium of live bacteria acetobacter 
xylinum. The use of rice wastewater is an effort to add value to the household waste as materials 
for natural polymers that can be degraded in the soil so it does not pollute the environment .  

Bacterial cellulose had structure linear, highly crystalline, and degree of intermolecular 
hydrogen bonding is very high, so that many bacterial cellulose had be applied in papermaking, 
textile, and food industries as cosmetics and biomaterials in the medical field [16]  

In the medical field, bacterial cellulose is used as a wound covering material and other 
medical materials.  Antibacterial properties needed to maximize the usefulness of cellulose as a 
wound covering material because it can reduce bacterial contamination on cellulose and on 
wounds . The antibacterial properties can be obtained by using a cellulose material deposed 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-45 

silver nanoparticles. Nanoparticles of silver have been known as an antibacterial material 
because of its ability to make the bacterial cell wall lysis and bacterial death [1]. In addition to 
the silver nanoparticles can serve as a barrier to the growth of mold and bacteria that often 
occurs in cellulose . Research on the antibacterial properties of silver nanoparticles and silver 
nanoprtikel applications in the field of medical and textiles have been carried out [17].  the use 
of silver nanopertikel have an advantage because they are toxic to microbes but is safe for 
humans in low concentrations . With the presence of silver nanoparticles that are antibacterial , 
wound closure will be effective to protect the wound and reduce the occurrence of infections . 
Preparation of antibacterial cellulose can be combined with several materials to improve the 
antibacterial properties and mechanical properties of the cellulose . In addition to the deposition 
of nanoparticles , the antibacterial properties of the cellulose can be obtained with the addition 
of the chitosan material . Chitosan has long been known as an antibacterial polymer material [9] 
that are widely applied in the fields of medical and food preservation . The addition of chitosan 
on cellulose aims to increase the antibacterial properties of the cellulose , cellulose - chitosan 
composite nanoparticles deposited silver is expected to provide optimal antibacterial properties . 
There are shortcomings in the manufacture of cellulose - chitosan composite is . The addition of 
chitosan to cellulose will reduce the mechanical properties of cellulose and antibacterial 
properties of chitosan itself [10].  

Mechanical properties are reduced due to the addition of chitosan on cellulose materials 
can be overcome with the addition of plasticizers such as glycerol. Glycerol is used as a 
plasticizer to improve the profile of alginate and chitosan films, preserving the integrity, 
avoiding holes and cracks [13]. Glycerol was added to a certain concentration to obtain the 
structure of cellulose are quite elastic so that it can be easily applied as a wound covering 
material. 

In this paper, we focus on  preparing bacterial cellulose membranes from rice  
wastewater with addition chitosan and a plasticizer. Rice wastewater still contains nutrient 
which needed  Acetobacter xylinum in synthesizing bacterial cellulose.  In this work, new 
composite membranes were prepared from rice wastewater and chitosan. Their characterization 
have been done using scanning electron microscopy, X-ray diffraction, tensile tester, FTIR, and 
antibacterial activity. 
 
RESEARCH METHOD 
Preparation of Bacterial Cellulose and Its Composites 

20 grams of sucrose, 1 gram of urea, and 1,0 gram glycerol were mixed in 200 mL rice 
wastewater. Rice wastewater was  poured into Erlenmeyer that has been equipped with a 
magnetic stirrer, then stirred until dissolved. When the pH of the mixture solution was ranged 
between 5-6, the mixture was acidified by addition of glacial acetic acid to a pH range from 3-4. 
Subsequently the mixture was cooled briefly and then poured in a warm state into a tray that has 
been sterilized with alcohol cooled to room temperature is reached. After chilling the mixture 
was added 40 mL of Acetobacter xylinum and trays sealed properly using newspaper and 
fermented for 7 days at room temperature. After 7 days, the newspaper cover is opened and 
formed pellicle layer was taken and washed several times with tap water, then with distilled 
water, then with hot water, then this pellicle layer weighed. Then a solution of 2% chitosan with 
deacetylation degree of 73.78%  is poured onto the pellicle layer and dried in an oven with a 
temperature between 37- 40 ° C. 
Application of Silver Nanoparticle to Bacterial Celluloseand its Composites 

100 mL of AgNO3 (aq)  1x10-3 M  is put into the three neck flash and mixed with 0.5 
grams of PVA  and than refluxed  at 100 0C by stirring. Tri-sodium citric is added until reach 
pale yellow color. The silver nanoparticle is characterized by using uv-vis spectrophotometer. 
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Bacterial cellulose and its composite is impregnated with silver nanoparticle over 60 minutes at 
145 rpm. 
Characterization of Bacterial Cellulose and Its Composites 
Analysis of the physical properties of macroscopic and organoleptic. This analysis includes the 
observation of color, texture, shape and transparency of each sample.  
Analysis of functional group using FT-IR instrument. This analysis uses a set of tools FTIR and 
performed at the Laboratory of Organic Chemistry of the Faculty of Mathematics and Science, 
UGM. A thin layer is clamped in place and then put the device in the direction of the infrared 
beam. The result will be recorded onto paper in the form of the intensity of wave numbers.   
Analysis of morphological using SEM instrument. SEM image of bacterial cellulose and its 
composites is measured using SEM instrument. This test is performed in Laboratory at the 
Center for Borobudur Conservation Agency. Sample  is cut in such a way, then the is coated 
with ion coater apparatus for approximately 5 minutes before vacuum process. Sample is 
introduced into the electron gun. Then the sample set with microstage to get the right focus. The 
main key in the ON position and set Accelerate voltage detector sets, 20 kilo volts.  
Analysis of mechanical properties. The analysis was performed in  Laboratory of 
Biotechnology, Faculty of Agricultural Technology, UGM. The dried sample material is cut to 
the size of 11 cm x 2 cm. Results pieces/specimen put in dumbble cutting. Then do the 
appropriate cutting pattern formed on the sample. Then the sample was measured with a 
micrometer Mitutoyo thickness and both sides of the cutting result is then attached to a 
Universal Testing Machine. Power and panel in the ON position. Fill the  sample data fit 
standard size. Specification tool used is taking a knife to the ASTM standard. Then the device is 
turned on and set to the test speed = 10 mm/min and the specimens were observed to drop out, 
the test is stopped when the specimen is broken. Data obtained in the form of percent 
elongation, tensile strength, and F max.  
Analysis of thermal properties using Differential Thermal Analysis (DTA). Thermal properties  
is performed in ATK Yogyakarta. As much as ± 15 mg samples were put into the crucible where 
the sample that had previously been filled little by standard alumina manufactured by Perkin-
Elmer DTA-TGA. Then loaded alumina is also standard that has been put into the crucible and 
placed on the reference in the DTA-TGA analyzer tool and the weight of the instrument is 
calibrated using a reference sample in order to obtain the desired weight. Then the condition of 
temperature measuring devices operated at 30-4000 C with heating rate 10 0C per minute and 
appliance turned on. On the computer, set to a program to read DTA thermogram.  
Analysis of crystallinity by X-Ray Diffraction (XRD). Crystallinity was analyzed by using XRD 
instruments in Department of Geological Engineering, UGM. Samples are cut to size sheet 2x2 
cm2. The sample is then placed in the sample holder and the sample flat on the cultivated sample 
holder. Further cooling equipment XRD,  XRD instrument is turned on and then set conditions 
for devices with rotary angle 2θ = 2° to 80°, scan step = 0.04, and a scan speed = 4 °/min.  
 
RESULT AND DISCUSSION 

Figure 1 shows that there is a widening of the spectra in the region 3400 cm-1 when 
cellulose was added to the chitosan. The addition of chitosan can  improve the reading group at 
wave number 3400 cm-1 due to the – NH2 in  chitosan and – OH in cellulose overlap. All three 
spectra are still visible in the area around wave number 1570 cm - 1 indicating the presence of 
aromatic rings.  In the cellulose contained chitosan shows amino group the vibrations  at 
1558.48 cm- 1  which are characteristic of chitosan [9]. The characteristic absorption alleged 
overlap with the aromatic ring absorption at wave number 1570 cm- 1, cellulose and chitosan 
have aromatic rings . In both control no appearance of the spectra in the region 1635 cm- 1 . 
These spectra indicate the presence of group C = O. It shows that with the addition of chitosan 
which has a C = O group in the cyclic as well as the possibility of residual chitin are not going 
to increase the absorption at 1635 cm - 1. Bacterial cellulose has functional group –OH, -CH, 
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CH3 bending vibration, and  β-1,4-glucan. The cellulose-glycerol-chitosan composites shows –
OH, -CH,  CH3 bending vibration,  C=O stretching,   β-1,4-glucan, -NH stretching (amide I) and 
–NH bending (amide II). The adding chitosan can cause the presence of C = O stretching 
(Amide I) and-NH bending  (Amide II) that are characteristic of  group C = O amide I and 
amide II NH group contained chitosan. This indicates that chitosan has interacted with bacterial 
cellulose and glycerol, but  amide groups of chitin are not deacetylated perfectly. 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. FTIR spectrum of bacterial cellulose-glycerol/BC-G (upper), BC (medium), and 
bacterial cellulose-glycerol-chitosan/BC-G-Ch (lower) 

 
 

Table 1 shows absorbance of –OH and –NH in bacterial cellulose and its composites. The 
adding glycerol and chitosan in preparation bacterial cellulose can cause the decreasing 
absorbance of the-OH group. This will support the decreasing in percent elongation of bacterial 
cellulose when added with glycerol and chitosan as well as increasing thermal stability of 
bacterial cellulose-glycerol-chitosan. 

 
Table 1. The Absorbance of bacterial cellulose from rice wastewater and its composites 

 
Wave number (cm-

1) 
Functional 

group 
Absorbance 

BC BC-G BC-G-Ch 
3400 -OH 0.360 0.320 0.329 
1635 -NH - - 0.116 

 
The addition of chitosan will lead to widening and sharpening of the peak-OH group of 

cellulose bacteria around the wave number 3400 cm-1. The broadening of this peak indicates a 
potential for overlap between the-OH group with -NH2 groups. This is indicates the possibility 
of overlap between the interaction of hydrogen from the-OH with -NH2 [9].  Based on Table 1, 
the visible presence of 1635.64 cm-1 and 1566.20 cm-1 indicating the presence of C = O 
stretching (Amide I) and-NH bending (Amide II), shows amide groups of chitin are not 
deacetylated perfectly [9]. 

Figure 2 presents a SEM photograph of the surface of bacterial cellulose and bacterial 
cellulose-glycerol -chitosan. However, the second image is sufficient to prove the existence of 
differences between chitosan and cellulose. It is proved that chitosan is able to coat the entire 
surface added from bacterial cellulose. 
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Fig 2.a. SEM Image of Bacterial Cellulose 
from rice wastewater  

 
 
 
 
 
 
 
 

Fig 2.b. SEM Image of Bacterial Cellulose-
Glycerol-Chitosan Composite 

  
Table 2. Mechanical Properties of Bacterial Cellulose from Rice Wastewater and Its Composites 

 
Parameter BC BC-G BC-G-Ch 

Tensile strength (MPa) 22.48 15.60 17.01 

Elongation (%) 22.18 28.12 8.01 

 
 Table 2 shows that bacterial cellulose control (BC) has a tensile strength is 22.48 MP , 
whereas the cellulose-glycerol (BC-G) has a tensile strength that is 15.60 MPa . Decrease in 
tensile strength is due to the nature of glycerol as a plasticizer that makes rigidity of the material 
decreases. Result of the decrease in rigidity of this material is lower tensile strength but has the 
advantage of a higher elongation. Percentage of elongation  of BC-G  is 28.12 % while in the 
control cellulose (BC) only 22.18 % . It is proved that the addition of glycerol as a plasticizer 
cause decreased in tensile strength but increased in elongation [10]. This decrease was due to 
reduced intermolecular interactions were replaced with polymer bonding interactions with 
glycerol resulted properties of the polymer becomes more elastic but brittle.  

When comparing the cellulose  (BC and BC-G) with BC-G-Ch, tensile strength of BC 
with addition of chitosan will be lower than BC but higher than BC-G. The decreasing of tensile 
strength of BC-G-Ch is caused  chitosan has a high amorphous, whereas the cellulose has high 
crystallinity. A strong structural material due to its high crystallinity naturally resilient to higher 
pressure, than the irregular structure of materials and provide lots of space around it. The 
addition to the amorphous nature of the material which has a high crystallinity will make the 
strength of the pressure is reduced [14]. The addition of the chitosan, elongation decreased very 
significantly. Elongation of BC-G’s were initially 28.12%, with the addition of chitosan led to a 
8.01%. The use of corn starch films happen intermolecular bonds form hydrogen bonds. This 
bond increases tensile strength but lower elongation [15].  

The existence of the rigid structure of the polymer chain will cause the polymer chains 
become increasingly difficult to move when it is pulled so that elongation will decline [10]. This 
is reinforced by the results of XRD analysis, a decline in the crystallinity of bacterial cellulose 
when added to the chitosan. A decrease in the crystallinity showed the addition of amorphous 
regions in bacterial cellulose. Chitosan is able to reduce the crystallinity of bacteria cellulose 
due to the presence of amorphous region in chitosan. Bacterial cellulose has a high crystallinity, 
this is relationship with the high mechanical properties of bacterial cellulose [11]. The addition 
of chitosan concentration on bacterial cellulose from 12  to 45%, its tensile strength tends to 
decrease from 130 MPa to 54 MPa while the value of percent elongation dropped from 12% to 
6.8% [11]. 
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Figure 3. The TGA Thermogram of BC-G (upper), BC (medium), and BC-G-Ch (lower) 
 

 Based on Fig. 3, cellulose is added with glycerol and chitosan has a high stability 
compared with both BC and BC-G. If the data is quantified by taking the final point on the 
importance of the temperature of 400oC, % mass loss of cellulose (BC), BC-G, and BC-G-Ch 
respectively 33.54% , 35.56% , and 27.11% . Decrease in thermal stability of BC-G compared to 
BC might be due to differences in the polymerization of the cellulose. Polymerization on 
cellulose without glycerol forming linear polymers whereas the cellulose polymer is added to 
the glycerol producing branched polymers. This is explained by the strong bond that is formed . 
Bonding in the linear polymer β - 1 ,4 - glycosidic bonds which are covalent, while the branched 
polymer to form hydrogen bonds. The covalent bond will be much stronger than hydrogen 
bonds so that the linear polymer is more difficult to decompose than branched polymers [16]. 
Another possibility, because glycerol is evaporated of polymers. Composite of glycerol-a 
polymer will evaporated at 200oC temperature [12].  

Results from DTA thermogram shows endothermic peak as the release of water 
molecules. Temperature required for BC-G-Ch release of water molecules is higher compared 
with both BC and BC-G, because the cellulose pores filled by chitosan, so that water molecules 
trapped in the cellulose. 
 BC has degree of crystallinity was 73.65 % , while the cellulose is added glycerol and 
chitosan having a degree of crystallinity of 50.15 % (Fig. 4). This indicates that chitosan causes 
a decrease in the degree of crystallinity of cellulose. Chitosan has an amorphous nature, whereas 
cellulose has a high crystalline properties. The existence of the amorphous nature of the 
cellulose into the cause deterioration of crystallinity. Decrease the degree of crystallinity affects 
the mechanical properties of cellulose. Cellulose that has a low degree of crystallinity tend to 
have a low tensile strength. The addition of chitosan will increase the tensile strength due to the 
formation of hydrogen bonding between cellulose with chitosan that increases rigidity, but there 
was also a decrease in the degree of crystallinity of cellulose so that the tensile strength 
decreases. 

  
 
 
 
 
 
 
 

Figure 4. The XRD Diffractogram of BC from rice wastewater-Glycerol-Chitosan Composite 
 

Results of characterization of colloidal silver nanoparticles by using UV - Vis 
Spectroscopy Shimadzu 1601 is showed by Fig. 5. Figure 5 showed the maximum wavelength 
of 10- 3M  AgNO3 solution at 216.20 nm region. 
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Figure 5. Spectrum of UV - Vis of 10- 3M  AgNO3 solution and colloidal silver nanoparticles 

 
Colloidal silver nanoparticles showed two largest peaks in the maximum length of 423.40 nm 
and at 225.80 nm at the maximum length. Based on the studies that have been done by Sileikaite 
et al (2006) showed that colloidal silver nanoparticles having a maximum wavelength range 
350-550 nm with the analysis using visible light spectrophotometer. This research was 
conducted in the wavelength range of 200-500 nm. Silver nitrate solution has an absorbance 
spectrum peaks at a wavelength of 215 nm. After the silver nitrate solution is mixed with 
trisodium citrate, UV-Vis spectra obtained are very much different and the obtained peak 
absorbance at a wavelength of 350-500 nm. After the reduction process, obtained absorbance of 
visible light at a wavelength of 419 nm of 0.187. The results of spectrophotometric analysis of 
the silver nanoparticles at a wavelength of 400-450 nm particles formed is Ag. Based on these 
data it can be concluded that silver nanoparticles has been obtained by reduction silver nitrate 
solution. 

The addition of silver nanoparticles on cellulose did not change the physical 
characteristics of cellulose previously.  Fig. 6 and Fig. 7 showed SEM image of bacterial 
cellulose and composite of bacterial cellulose – chitosan impregnated silver nanoparticles. 
 

 
Figure 6 . SEM image of Bacterial Cellulose Composites from rice wastewater impregnated Ag 

(magnification 1050x) 
 
Based on Fig. 6, we can see the surface morphology of bacterial cellulose impregnated  silver 
nanoparticles with a magnification of 1050x. Fig. 7  showed the top surface morphology of 
bacterial cellulose - chitosan composite impregnated silver nanoparticles with a magnification 
of 8700x . Based on SEM image, we can see that silver nanoparticles successfully impregnated 
on the bacterial cellulose derived from rice waste water. Suspected silver nanoparticles adsorbed 
on bacterial. Interaction between the bacterial cellulose and silver nanoparticles occurs through 
chemical bonds to form a covalent bond between the-OH group on the bacterial cellulose with 
Ag in the silver nanoparticles. 
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Figure 7.  SEM image of Bacterial Cellulose - Chitosan Composites impregnated Ag 

(magnification 8700x) 
 
 Fig. 8 showed antibacterial activity of bacterial cellulose – glycerol – chitosan 
composite impregnated Ag against S.aureus and E.coli by using shake flash turbidimetry 
method. The results of testing the antibacterial activity of all the cellulose samples showed 
positive results. The clear zone method showed that antibacterial activity of bacterial cellulose – 
glycerol – chitosan composite impregnated Ag against S.aureus lower than antibacterial activity 
of bacterial cellulose – glycerol – chitosan composite impregnated Ag against E.coli. The 
diameter of clear zone in bacterial cellulose – glycerol – chitosan composite was 0.27 mm 
against S.aureus, and  1.00 mm against E.coli. 

 

 
Figure 8. Antibacterial activity of Bacterial Cellulose – Glycerol – Chitosan composite 

impregnated Ag against S.aureus and E.coli 
 

Mechanism of the antibacterial properties of silver nanoparticles is the presence of 
heavy metal ions will react with the thiol group (- SH) on the protein surface . Particles of 
monovalent silver ions (Ag+) cation is able to replace the hydrogen (H+) of the thiol groups of 
proteins that inactivate sulfhydryl, a decrease in membrane permeability, and ultimately leads to 
cell death. From these statements interaction between silver nanoparticles with cellulose 
membrane is important because it affects the release of silver nanoparticles will attack the 
bacterial wall, so that differences in the effectiveness of the antibacterial activity of each 
cellulose in testing can be due to differences in the interaction of silver nanoparticles with 
functional groups on each cellulose. 

The interaction that occurs between the silver nanoparticles with functional groups on 
the cellulose membrane is electrostatic interaction. Electrostatic interaction between functional 
groups of polymers and nanoparticles depends on the charge of polymer, polymer structure and 
chemical content in the polymer. Any kind of cellulose samples tested had the charge of 
electrons (the number of pairs of electrons) and a different structure of cellulose . 
 
 
 

E.coli 

S. aureus 
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CONCLUSION  
The UV-Vis spectroscopy revealed the formation of silver nanoparticles by exhibiting 

the typical surface plasmon absorption maximum at 419 nm. The SEM image showed that the 
silver nanoparticles has been impregnated in the surface of bacterial cellulose. The nanoparticles 
of silver-impregnated bacterial cellulose-chitosan-glycerol composites exhibited antibacterial 
activity against S.aureus and E.coli.  
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ABSTRACT 

 
Nowadays, whole wheat flour started to be like with Indonesian people. In Indonesia 
there is Dewata’s variety of wheat. Whole wheat flour has average level of glycemic 
score (55-69). Dewata’s whole wheat flour can be processed to be alternative food for 
diabetic with wet and dry processed. Amylose content and starch digestibility are related 
to determine glycemic score. Higher amylose content and lower starch digestibility will 
show low glycemic score. The goal of this research is to determine glycemic score, 
amylose content, and starch digestibility of processed food from whole wheat flour. The 
products are noodle and cookies. Amylose content be determined from gelatinization 
method with iod reagent and measured with spectrophotometer, and starch digestibility 
use enzymatic method with α-amylase enzyme. Wet and dry processed food are make 
from substitution of whole wheat flour to wheat flour  0%, 10%, 20%, 30%, 40% dan 
50%. Amylose content for noodle is 32.2-38.48% (db) increase with substitution increase. 
For cookies is more constant 29.4-33.25% (db). Starch digestibility of noodle unchanged 
with increase of substitution, 10.92-13.15% (db) and cookies 6.67-11.32% (db). 
Glycemic score of noodle and cookies 20% lower than noodle and cookies without 
substitution. This score be obtained with incremental area under the blood glucose 
response curve (IAUC). The conclusion is glycemic score form processed food of whole 
wheat flour can be alternative food for diabetic. 

 
 
INTRODUCTION 

Now, whole wheat flour more famous and be liked with Indonesian people, because there are 
more nutrition than wheat flour. Nursantiyah’s research (2009) said that wheat flour just made 
from endosperm component. Whole wheat flour made from bran, germ, and endosperm 
(Muoma, 2013). In Indonesia there are many variety of wheat that can be cultivate, one of them 
is Dewata’s variety. Wheat Dewata’s variety cultivate in Getasan, Semarang. With this 
cultivation, we need to develop processed food that make from whole wheat flour. Beside that, 
whole wheat flour has average glycemic score 55-69 (Brand-Miller dan Foster-Powell 1999). 
Low glycemic score foods are good for diabetic, because that food indirectly convert to blood 
glucose (Praptini, 2011). Processed food from whole wheat flour can be alternative food for 
diabetic. 

Processed food from Dewata’s whole wheat flour that selected are noodle and cookies. Both 
of them have different process. Noodle is wet processed and cookies is dry processed. 
Indonesian people like this food as evidence by increasing of consumption by 0,2% every year 
from 1990 until now (Survei Sosial Ekonomi Pertanian, 2004). 

Glycemic score are influenced by amylose content and starch digestibility. Starchy foods are 
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rich in amylose content are associated with lower blood glucose levels and slower emptying of 
human gastrointestinal tract compared to those with low levels of amylose (Frei et al, 2003).  
Apart of amylose content, other starch properties such as granule size, degree of polymerization, 
and starch component also influence starch digestibility (Noda et al, 2008). Starch digestibility 
is parameters that show starch’s ability to digest in body. Starch digestibility influenced many 
factor, there are amylose, amylopectin, protein, fat, fiber, and processing. This goal of this 
research to determine amylose content and starch digestibility from processed food of whole 
wheat flour and determine the glycemic score. 

 
RESEARCH METHOD 

This research is performed in Chemistry’s Laboratory, Science and Mathematics 
Department, Satya Wacana Christian University (SWCU), Salatiga, Indonesia. 
Materials and instrument 

The main material is whole wheat flour Dewata’s variety from Agricultural Department 
SWCU. Chemical reagent that used is I2, KI, NaOH, standard glucose, ethanol, standard 
amylose, DNSA (dinitrosalysilic acid), NaHPO4, Na2HPO4, standard maltose (E-Merck grade 
pro analysis, Germany), α-amylase enzyme (Agricultural Techonology, UGM, Indonesia), and 
distilled water. 

The instrument are water content measurement (OHAUS, USA), incubator (WTB binder, 
Germany), spectrophotometer (Optizen 2120 UV, Korea), waterbath (Memmert, Germany), 
digital analytic balance (OHAUS, USA), glucose blood test (Easy Touch GU, Taiwan), dan 
glassware (pyrex, USA). 
Method 
Produce whole wheat wet noodle 

Producing wet noodle in this research use whole wheat flour that substituted with wheat 
flour 10 %, 20%, 30%, 40% and 50%. As a control is wet noodle without substitution of whole 
wheat flour. 

Table 1. Formulation of wet noodle 

Material 
Substitution of whole wheat flour 

0% 10% 20% 30% 40% 50% 
Wheat flour (g) 500 450 400 350 300 250 
Whole wheat flour (g) 0 50 100 150 200 250 
Egg  1 1 1 1 1 1 
Salt (g) 3 3 3 3 3 3 
Baking powder (g) 0.5 0.5 0.5 0.5 0.5 0.5 
 
Produce whole wheat cookies 

Producing cookies in this research use whole wheat flour that substituted with wheat flour 
10 %, 20%, 30%, 40% and 50%. As a control is wet noodle without substitution of whole wheat 
flour. 

Table 2. Formulation of cookies 

Material 
Substitution of whole wheat flour 

0% 10% 20% 30% 40% 50% 
Wheat flour (g) 100 90 80 70 60 50 
Whole wheat flour (g) 0 10 20 30 40 50 
Sugar (g) 30 30 30 30 30 30 
Butter (g) 50 50 50 50 50 50 
 
Amylose Content (Apriyantono et al. 1989 dalam Gustiar 2009) 
Amylose standard curve 
Weighed carefully 40 mg standard amylose, included to capped test tube, add 1 mL ethanol 95% 
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and 9 mL NaOH 1 M. The tube be heat in waterbath 95oC for 10 minute. Starch gel poured 
carefully to 100 mL flask and add water. From this solution pipetted 1, 2, 3, 4, dan 5 mL and 
poured every solution to 100 mL flask. Add 0.2, 0.4, 0.6, 0.8, dan 1.0 mL acetat 1 M and 2 mL 
iod reagent (0.2 g I2 and 2 g KI dissolved in 100 mL water ) and add water until 100 mL. Wait 
for 20 minute, and measure the absorbance using spectrophotometer with wavelength 625 nm. 
 
Sample analysis 

100 mg sample entered to capped test tube. add 1 mL ethanol 95% and 9 mL NaOH 1 M. 
The tube be heat in waterbath 95oC for 10 minute. Starch gel poured carefully to 100 mL flask 
and add distilated water. Pipetted 5 mL starch solution and poured to 100 mL flask. Add 1.0 mL 
acetat 1 M and 2 mL iod reagent and add water until 100 mL. Wait for 20 minute, and measure 
the absorbance using spectrophotometer with wavelength 625 nm  
 
Starch digestibility (Muchtadi et al. 1992) 

1 g sample entered to 250 mL erlenmeyer and add 100 mL water, cover it with aluminum foil 
and heated in waterbath until the temperature is 90oC while stirring. Cooled the sample and 
pipetted 2 mL from this solution to capped test tube, add 3 mL water dan 5 mL buffer phosphat 
0.1 M pH 7.0. Every sample make twice, the one as blank. Incubate the capped test tube with 
37oC for 15 minute. Add incubated solution with 5 mL α-amylase enzyme (1 mg/mL in buffer 
phosphat pH 7.0) for sample and 5 mL buffer phosphat 0.1 M pH 7.0 for blank. Incubate again 
for 30 minute. 1 mL result solution from incubating poured to covered test tube that contain 2 
mL DNSA. Heat the solution for 12 minute in boiled water and cooled with flow water and 10 
mL water. The absorbance can measure in wavelength 520 nm. Standard curve made from 
DNS’s treatment to 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 mL standard maltose 0.5 mg/mL. 
 
Organoleptic (Idris, 1994) 

Organoleptic examination is examination of color, flavor, taste, and texture of food 
production. The score use line scale. The valuation will do by 30 panelist. The product that wil 
examination is whole wheat noodle and cookies and wheat noodle and cookies. After that use 
data analysis with t-Test. 
 
Glycemic score examination (El, 1999 modificate in Gustiar, 2009) 

The food that will determine the glycemic score must analyzed as proximate to determine 
total food that will be consumpt by panelist (contain 50 g carbohydrate). Panelists must do 
fasting for 10 hours. Panelists that used is 10 human that health with normal BMI (Body Mass 
Index). 2 hours after consumed the product, the blood will test every 30 minute to measure the 
glucose blood. For standard, the food product change with standard glucose. Glucose blood 
(every 30 minute) plotted to 2 X and Y axis. X is time and Y is glucose blood. 
 
Data Analysis 

Data will analysis with Randomized Complete Block Design (RCBD) with 6 treatment and 4 
repetition. As treatment is concentration of substitution of whole wheat flour. Average of 
examination analyzed with Tukey HSD 5% (Steel dan Torrie, 1980). 
 
RESULT AND DISCUSSION 
Amylose Content 

Starch is homopolymer form from glucose with α-glycosidic bond. Starch consist of two 
different polymers, there are straight compound (amylose) and branched compound 
(amylopectin) (Muchtadi et al. 2006). Amylose is sraight homopolymer α-D-glukosa that 
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connected by α-(1,4) glycosidic bond that soluble in boiled water. Amylose content in starch is 
divided into 4 level there are lowest amylose content < 10%, low amylose 10-20%, average 
amylose 20-24%, and high amylose > 25% (Aliawati 2003). Most of scientist claim that 
amylose is slower to digest (Miller et al. 1992; Foster-Powell et al. 2002; Behall and Hallfrisch 
2002), because amylose is simple polymer with straight chain. This chain make bond of 
amylose streonger so can’t gelatinization easly. 

Amylose content of whole wheat noodle is 28-33% and cookies 30-34%. Amylose in cookies 
is higher than noodle. Although the different is not too high, that is appropriate with Carreira’s 
research (2004) that amylose influence by gelatinization level and processed food that dry 
processed food has higher amylose that wet processed food. Because wet processed food has 
fast gelatinization process, so influence total soluable starch. It cause structure of starch gel will 
weakened by absorbed of water. The weak bond make water easily enter the granule so amylose 
will soluble in water (Suardi, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Starch Digestibility 

According to Willet et al. (2002), slow absorbed carbohydrate will produce low glucose 
blood and potential to manage starch digestibility that be affected by amylose composition. This 
measurement using enzymatic method, the enzyme is α-amylase. Using this enzyme because 
they can split sample through hydrolysis process to be their smaller unit, such as maltose 
(Gustiar, 2009). Maltose is sugar that can be absorbed in intestinal. To determine starch 
digestibility, do the measurement of maltose. Starch digestibility of whole wheat noodle is 10-
12% (db) and cookies is 6-11% (db). More adding of whole wheat flour so the starch 
digestibility is lower. That is appropriate with amylose content in processed food. Amylose 
content and their composition is have effect to starch digestibility (Indrasari,2008). 
  

Fig 1. Relation between amylose content and 
substitution of whole wheat flour in noodle 

Fig 2. Relation between amylose content and 
substitution of whole wheat flour in cookies 
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Table 3.  Comparing starch digestibility in noodle and cookies 
Substitution of whole 

wheat flour (%) 
Starch digestibility % (b/b) 

noodle Cookies 

0 
12.37±29.1066 

ab 
8.59±17.5145 

ab 

10 
10.92±25.6829 

a 
6.67±13.5918 

a 

20 
11.82±27.8006 

a 
6,69±13.6377 

a 

30 
12.34±29.0478 

ab 
8.50±17.3209 

ab 

40 
13.15±30.9360 

b 
7.50±15.2831 

ab 

50 
12.38±29.1301 

ab 
11.32±23.0725 

b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
From this result, starch digestibility for wet processed food (noodle) is bigger than dry 

processed food (cookies). That is appropriate with amylose content of dry processed food is 
higher so the starch digestibility of cookies will be lower. Food processing is affect to starch 
digestibility (Noda et al, 2008). 
 
  

Fig 3.. Relation of between starch digestibility and 
substitution of whole wehat flour in noodle 
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Organoleptic 
Table 4. Organoleptic of whole wheat noodle 

Paramet
er 

Penambahan tepung gandum utuh (%) 
0 10 20 30 40 50 

Color 4.33 ± 
0.2919 

c 

3.83 ± 
0.2869 

b 

3.67 ± 
0.3111 

b 

3.17 ± 
0.2658 

ab 

2.83 ± 
0.3248 

a 

2.50 ± 
0.4139 

a 
Flavor 3.10 ± 

0.3583 
a 

3.47 ± 
0.2898 

a 

3.63 ± 
0.2856 

ab 

3.50 ± 
0.2730 

a 

3.40 ± 
0.2703 

a 

3.43 ± 
0.3757 

a 
Texture 3.90 ± 

0.3154 
bc 

3.83 ± 
0.2955 

b 

3.90 ± 
0.2998 

bc 

3.27 ± 
0.3090 

a 

2.97 ± 
0.3175 

a 

3.17 ± 
0.4053 

a 
Taste 4.03 ± 

0.2296 
bc 

3.97 ± 
0.2296 

bc 

3,70 ± 
0.2432 

b 

3.50 ± 
0.2137 

b 

3.10 ± 
0.3303 

a 

2.77 ± 
0.3205 

a 
1 : really don’t like; 2 : don’t like; 3 : neutral; 4 : like; 5 : really like 
 

Table 5. Organoleptic of whole wheat cookies 

Parameter 
Penambahan tepung gandum utuh (%) 

0 10 20 30 40 50 
Color 4.2000 ± 

0.2842 
ab 

3.5333 
±0.3059 

a 

4.0333 ± 
0.2076 

ab 

3.4333 ± 
0.3114 

a 

3.0333 ± 
0.2497 

a 

3.0333 ± 
0.3600 

a 
Flavor 3.6333 

±0.3175 
a 

3.4667 ± 
0.3059 

a 

3.8667 ± 
0.3059 

b 

3.5000 ± 
0.2471 

a 

3.6000 ± 
0.2703 

a 

3.7000 
±0.3556 

a 
Texture 3.9333 ± 

0.3242 
bc 

3.2667 ± 
0.2762 

a 

4.0667 ± 
0.2582 

bc 

3.7667 ± 
0.2889 

b 

3.3000 ± 
0.2622 

a 

3.7667 ± 
0.3351 

b 
Taste 3.7667 ± 

0.3492 
a 

3.7667 ± 
0.2535 

a 

3.6333 ± 
0.2682 

a 

3.7000 ± 
0.3134 

a 

3.5000 ± 
0.2547 

a 

3.9667 ± 
0.3600 

bc 
1 : really don’t like; 2 : don’t like; 3 : neutral; 4 : like; 5 : really like 
 

From this result, noodle that can accept with panelists is noodle with 10 and 20% 
substitution of wheat flour. For cookies is 20% substitution of wheat flour. 
 
Glycemic Score 

Glycemic score is leveling of food based on the effect with glucose blood. Food that can 
increase glucose blood faster has high glycemic score (Miller et al. 1992 in Rimbawan dan 
Siagian 2004). Glycemic score is unique nature, that’s influence by their material, processing, 
and characteristic (composition and biochemistry nature) (Miller, 1992). 
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Table 6. Average result of glucose blood response 

Sample 
Time (minute) Area under 

curve 
IG 

0 30 60 90 120 

Glucose 102,4 152,1 131,1 108,2 94,9 29403 100 

Whole wheat noodle 0% 99,7 129 115,9 108,6 98,3 20397 69,49 
Whole wheat noodle 

20% 95,9 116,8 113,5 106,4 102,2 19449 66,23 
Whole wheat cookies 

0% 93,1 115,8 109,7 99,4 91,1 15273 52,11 
Whole wheat cookies 

0% 95,5 104,6 101,1 96,6 89,6 14622 49,94 
 

Comparing the area under curve from control and acceptance wet and dry processed food 
with glucose (standard), glycemic score can be obtained. 

Glycemic score of whole wheat noodle 0% and 20% are 69.49±1.37 and 66.23±6.14. And 
glycemic score of whole wheat cookies 0% and 20% are 52.11±2.07 and 49.94±1.90. Glycemic 
score of whole wheat noodle is in average level (55-69) and cookies in low level (<55). 
 
CONCLUSION AND SUGGESTION 

Amylose content of whole wheat noodle is 32.2-28.48% and whole wheat cookies 29.4-
33.25%. Starch digestibility of whole wehat noodle is 10.92-13.15% and whole wheat cookies 
6.67-11.32%. Through the organoleptic whole wheat noodle and cookies that can accept is with 
20% substitution. Glycemic score of whole wheat noodle is 66.23±6.14 is in average level of 
glycemic score and cookies 49.94±1.90 low glycemic score. 

Suggestion for the next research is substitution of whole wheat be expected more than 20% 
so can get lower glycemis score, but must remains to be accept by people. 
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Abstract 
 

Research has been conducted with the aim to characterize quinoline and 
quinolineconjugated metal as the base material of photo-detector. The characterization 
was conducted on the bandgap and infrared, visible, and ultraviolet spectra. This is done 
through computational chemistry method with NWCHEM 6.3 software. The computation 
is done by using density functional theory with basis set 6.31G*. The result showed that 
there was a diminution in the bandgap of quinolone conjugated metal of Mg(Eg ~ 0.16), 
Ca (Eg ~ 1.25), Cr(Eg ~ 3.51), Fe (Eg ~ 0.37), Ni (Eg ~ 1.18) and Zn (Eg ~ 3.58) than the 
bandgap of quinoline (Eg ~ 4.58 eV). Photosensitivity of the quinolin conjugated 
metalseem to shift towards the maximum wavelength in the visible and infrared, ie Mg-
quinoline (����= 470.57 nm); Ca-quinoline (����= 719.98 nm); Cr-quinoline (����= 
855.76 nm); Fe-quinoline (����= 1764.39 nm); Ni-quinoline (����= 1325.20 nm); dan 
Zn-quinoline (����= 485.04 nm), compare quinolone photosensitivity that occurs in the 
ultraviolet region (����= 214.39 nm). 
 
Keyword: Quinoline, conjugated metal, photo-detector, characterization. 
 
 

1. Introduction 
Optical sensors is very important in industrial automation systems. Such sensors work 

based on light sensitivity (Candra, 2006).Optical sensors are generally made by using 
semiconductor properties of inorganic materials, such as silicon and germanium (Setiawan et al, 
2007).The characters of inorganic sensors are rigid, inflexible, limited amount of the deposit, 
and not easily recycled so it is not environmentally friendly. 

Materials of organic compounds have not widely used as a semiconductors which become 
the raw materials of optical sensors. Though many organic compounds contain group that are 
active light. Organic semiconductors have such a chromophore groups is very prospective used 
as raw material of optical sensors. 

Many adventages of the use of organic semiconductors as raw material for optical 
sensors. The structure of organic semiconductor is more flexible because the molecules have 
Van derWalls bonds. The flexibility of this structure is very important in industrial automation, 
especially in replacing mechanical works. In addition, the presence of organic material very 
abundant than inorganic materials which amount are very limited. Organic material is more 
easily recycled so it does not produce environmental pollution. 

Organic materials which are potentially used as organic semiconductors for raw materials 
of optical sensors, is a material of organic compounds which have conjugated double bonds 
such as quinoline and others. Conjugated double bonds in organic compounds that allow the 
absorption of electromagnetic waves to move electrons from ground state to the excited state. 

The existence of the chromophore groups and conjugated double bonds lead to organic 
semiconductors is potentially used as an infrared sensors and a light sensors in the range of UV-
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Vis spectra (Pedersen et al, 2004). The sensitivity to light is closely related to the band gap of 
organic semiconductors that have conjugated double bonds (Brütting, 2005). Organic 
semiconductors with small band gap have large absorption to the electromagnetic wave. 

Organic materials in general have a large band gap. The material is not quite ideal as 
semiconductors. To improve the properties, organic compounds in the sensor material need to be 
conjugated with metals. Good use is a metal that has empty d orbitals that electronic transitions 
can occur more easily (Pamungkas dan Sanjaya, 2013). 

The research is focused on studying the semiconductor character of the derivative 
compound of quinoline and quinoline conjugated metal as the raw material of the optical 
sensors. The derivative qompound of quinoline which used as organic semiconductor are 8-
hydroxyquinoline and 8-hydroxyquinoline conjugated metal. Under the terms of the ease 
electrons movement, the metal used in this study are the metals of Group IIA and the metal of 
periode 3. This selection is useful to determine the contribution of the metals periodically to 
improve the semiconductor quality of conjugated organic compounds. Studies conducted 
theoretically through computation chemistry performance.  

 
2. Method 

Modeling quinoline and metal quinoline were performed using the Avogadro 1.1.0.  The 
development of the model is done by considering the possibility of coordination covalent bonds 
involving d orbitals of group IIA metals and metals of period 3. The model is converted into the 
input file of computation chemistry with program of gabedit 2.4.7. Computing process is then 
run using NWCHEM 6.3. Computational chemistry is carried out based on density functional 
theory with the basis set 6-31G*/B3LYP/Restricted Kohn-Sam (RKS). Band gap is determined 
using the difference between LUMO and HOMO energies. The absorption of light the 
virtualized with Spartan program. 

 
3. Result and Discussion 

Modeling quinolineandmetal-quinolinewhich is done by using Avogadro, shown in Figure 
3.1. The notation M in the center is metal marking, which is conjugated to the quinoline 
structures. 

  
a. Quinoline b. Metal-Quinoline  

Figure3.1 The basic structure of Quinoline and Metal-Quinoline. 
 
The band gap computation result of quinoline andmetal-quinoline in Figure 3.1showed 

a decrease in band gap of quinoline into quinoline conjugated metals.    
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Table 3.1The band gap result of Quinoline andMetal-Quinoline 

Compound 
HOMO-LUMO Energy (eV) 

Band gap (eV) 
HOMO Energy LUMO Energy 

Quinoline -1.46458 -6.04240 4.57782 

Mg-Quinoline -2.48919 -2.64952 0.16033 

Ca-Quinoline -12.43888 -13.68823 1.24936 

Cr-Quinoline -12.64305 -16.15032 3.50727 

Fe-Quinoline -13.39013 -13.76018 0.37006 

Ni-Quinoline -14.13851 -15.32044 1.18193 

Zn-Quinoline -11.96226 -15.53794 3.57568 
  
The decrease in the band gap is related to the narrowing gap between the valenceband and the 
conduction band. This is shown by band gap models in Figure 2. Valence band is indicated by 
the charging of the pile of orbitals in the HOMO groups and the conduction band is shown with 
a pile of the orbitals in the LUMO groups (Sanjaya et al, 2013). 
 

   
 (a)  (b) 

Figure 3.2.Band gap model of(a) quinolineand(b) metal-quinoline 
 
This is made clear by the energy band structure of quinoline computational result and an 
example of metal-quinoline computational result which is represented by Mg-quinoline as 
shown in Figure 3.3. 
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 (a) Quinoline (b) Mg-Quinoline 

Figure 3.3. Band energy of Quinoline(a) andthe example of Metal-Quinoline (b) 
 

The study could not show a decrease in band gap periodically for quinoline conjugated 
metals of group IIA and metals of period 3. There are few data on quinoline conjugated metal of 
group IIA. So it seemed only increase in band gap of Mg-quinoline into Ca-quinoline. While 
data from computational result of quinoline conjugated metals of period 3 shows the fluctuating 
band gap width.  

Of the seven models of organic semiconductors which is computed, there are two 
compounds that are close to band gap of the silicon standard semiconductor (Gadisa, 
2006),namely Ni-quinoline (Eg ~ 1.18 eV) and Ca-quinoline (Eg ~1.25 eV). There are two 
compounds that have band gap is smaller than the band gap of silicon, ie Mg-Quinoline (Eg 
~0.16 eV)and Fe-Quinoline (Eg ~0.37 eV), so it is expected to work indoor. 

Virtualization indicate that the computational results are accurate. These results are very 
similar to the standard. In Figure 3.4 is shown a comparison between computational result of 
infrared absorption of quinoline and the experimental result standard of infrared absorption of 
quinoline. 

 
Figure 3.4. Infrared spectrum of quinolinefrom computation and standardof experimental result 

The computational results of ultraviolet and visual absorptions of quinoline dan 
quinoline conjugated metal shown by table 3.2. 
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Table 3.2.Spectrum Uv-Viz of Quinoline andMetal-Quinoline 

Quinoline : 

 

Mg-Quinoline : 

 

Ca-Quinoline : 

 

Cr-Quinoline : 

 

Fe-Quinoline : 

 

Ni-Quinoline : 
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Zn-Quinoline : 

 
 
Quinoline showed absorption at ultraviolet to violet region with the maximum wavelength in the 
ultraviolet region,����= 214.39 nm. Mg-Quinoline has an absorption in blue to infrared light 
with a maximum wavelength in blue light area, ����= 470.57 nm. Ca-Quinoline has an 
absorption in the red to infrared regions with a maximum wavelength in the red light area, 
����= 719.98 nm. Cr-Quinoline together with Ca-Quinoline has an absorption in the red to 
infrared region. It has a maximum withlength in infrared area, ����= 855.76 nm. Fe-Quinoline 
and Ni-Quinoline have absorption in infrared region with a maximum wavelength of each 
����= 1764.39 nm and����= 1325.20 nm. Actually, both of these compounds have also 
absorption in the red light up to pink light, but its intensity is very small so neglected in this 
study. The Zn-Quinoline has an absorption in the region of blue light to red light with a 
maximum wavelength in the blue light region,����= 485.04 nm. 

Photosensitivity of derivate compounds of quinoline shifted from the ultraviolet light 
into visible light region and infrared light region because of the conjugated metals. That work 
well in the visible light region is the conjugated metals Mg, Ca, Cr, and Zn although conjugation 
metals is partly also working in the infrared regions. While the rest of metal conjugate, is 
working in the infrared regions.  

 
4. Conclusion 

Characterization of the properties of organic semiconductor are made from quinoline 
and quinoline conjugated metals as the raw material of photo sensor indicate that band gap 
diminution occurs on the quinoline conjugated metal of Mg (Eg ~ 0.16 eV), Ca (Eg ~ 1.25 eV), 
Cr (Eg ~ 3.51 eV), Fe (Eg ~ 0.37 eV), Ni (Eg ~ 1.18 eV) dan Zn (Eg ~ 3.58 eV) than the 
bandgap of quinoline (Eg ~ 4.58 eV).Computational results are quite accurate because the 
infrared spectra are very consistent with the standard infrared spectra of the experimental result.  

Photosensitivity of the quinoline conjugated metal seem to shift towards the maximum 
wavelength in the visible and infrared, ie Mg-quinoline (����= 470.57 nm); Ca-quinoline 
(����= 719.98 nm); Cr-quinoline (����= 855.76 nm); Fe-quinoline (����= 1764.39 nm); Ni-
quinoline (����= 1325.20 nm); dan Zn-quinoline (����= 485.04 nm), compare quinolone 
photosensitivity that occurs in the ultraviolet region (����= 214.39 nm). 
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ABSTRACT 
 

An identification of D.melanogaster population has been developed through 
artifical medium of fermented whole grain waste product by Sacharomyces cereviceae; 
which it’s application and simpel technology is highly economic valuable for swift feed 
to enhance its quality and quantity. Fermented whole grain waste product has not been 
used as insect feed. In order to unravel the decreasing of fruits production  during dry 
season which implicated the decreasing of D.melanogaster  population  that use as swift 
feed . This research aim to identify D.melanogaster population  from banana, compare to 
artifical medium. Followed by chemical analysis of protein, carbohydrate, fat, mineral, 
and calorie value; determine the feed availability with swift nest population as well as 
determine the nutrition chemical compound in swift nest; mass, thickness, protein, 
carbohydrate, fat and mineral. The fact that fermented whole grain waste product can 
growth the D.melanogaster which is used for swift feed, swift farmers can develop 
D.melanogaster to increase quality and quantity of swift nest. Based on analysis of 
variance, natural medium from banana on population  of D.melanogaster growth. For 
artificial feed, fermented whole grain waste product, the E treatment of D.melanogaster 
with banana fruit show the best result; 

 
Keywords : D.melanogaster, swiftlet nest. 
 

 
A. INTRODUCTION 
 
           The development of agriculture is not free from problems breathing pest and disease 
control , this damage occurs either on the ground , a warehouse , a lot of fruits and vegetables 
sold in traditional markets and supermarkets look clean and not deformed , but not the least the 
buyer fruit complain with poor quality fruit they buy . This fact is very influential in vegetable 
and fruit traders , because fruits and vegetables tersebuat rapid deterioration and rotting ( 
Novizan , 2002) .   One cause damage to fruit crops is the Fruit Fly Drosophila sp which is 
damaging the flesh of the fruit flies that memyebabkan ripe fruit becomes rotten and falling . 
Fruit flies can be the same size larger or smaller than house flies , fruit flies is composed of a 
variety of species , but how to handle it , and produce nearly the same destruction.  Efforts to 
reduce and prevent fruit flies done by keeping the orchard , fruit falling in a vat containing input 
petisida , buried as deep as 75 cm and the soil surrounding the dismantled in order pupae hidden 
in the ground out , with oil -containing compound citranela isogenol metly eugenol and amyl 
alcohol which can bind the male fruit flies .   One of the fly Drosophila melanogaster is 
Drosophilidae familia , these flies are small , at high populations can threaten human health , 
because of his interest in fruits and vegetables , especially materials that undergo fermentation ( 
Matthews and Matthews , 1978) . Imago of flies , measuring length , 2.5 mm - 4.0 mm ( Charles 
and Noerman , 2005) is usually brownish yellow and brownish black . Melatakan eggs a female 
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can average 50-70 points per day eating an appropriate medium for the larvae is overly ripe fruit 
and vegetables that have been and will rot or material that is undergoing fermentation .  In the 
dry season production of fruits and vegetables decreases the impact on the population of D. 
melanogaster fruit flies , fly D. melanogaster is one of the birds' feed ( predator ) populations of 
D. melanogaster in order to maintain the waste dry season rice bran ( bran ) The fermetasi for 
the development of breeding populations of D. melanogaster .  The presence of predators in the 
world of agriculture is a free-living organism consuming , killing and devouring other 
organisms directly to the beneficial insects are not enough predators who can be identified from 
birds to microorganisms that can be separated on the farm .  Based on the above meal authors 
chose to mengiidentifikasi , populations of D. melanogaster and then developed through the 
artificial medium of rice bran ( bran ) fermented Sacharomyces cerevoceae , where applications 
and simple technology for the high economic value of feed bird that can improve the quality as 
well as the bird's nest swallow . This study aims to determine the populations of D. 
melanogaster medium banana shoes , which is compared with the artificial media . Followed by 
chemical analysis of D. melanogaster , protein , carbohydrates , fats , minerals and caloric value 
and determine the availability of feed to the birds' populations and determine the chemical 
compounds in the bird's nest covering nutrition , weight , thickness , proteins , carbohydrates , 
fats , minerals. 
 
B. METHODS 
 
    This research was conducted in the District Kamangta Tombulu Minahasa for 12 months . In 
locations with a height of 550 meters above sea level ( asl ) with an average temperature range 
of 26oC-30oC .  Materials and Equipment  Materials used in this study were rice bran / bran , 
bananas , shoes , yeast ( Sacharomyces cereviceae ) , and honey . While the tool used was the 
fermentor , pH meter , hand reflaktometer , petridish , microscope , auto Clav , mikrokeldhal 
micro , soklet , bomb calorimeter , AAS , and tools that support the analysis beaker D. 
melanogaster.  The design of experiments  The study was designed as a complete randomized 
trials with repeated three times for media banana shoes , as well as five treatments and three 
times re -made for the media .  The parameters measured by pH , percent sucrose , determining 
population size medium banana shoes , the media and media metamorphosis in artificial insects 
are eaten by the percentage of birds' , the chemical analysis of D. melanogaster , ( proteins , fats 
, carbohydrates , minerals , and calorific value ) body weight and feed the birds , the thickness 
and weight of the nest and the nest of proteins , carbohydrates , fats , minerals from bird nest 
feed treated D. melanogaster. Working procedure 
Before developing D. melanogaster , do pembedakan on swiftlet analyze the number of insects 
in the gizzard . Further develop D. melanogaster in cultured banana shoes , determine the pH 
and percent sucrose as a medium life cycle of egg , larva , pupa and imago . Moving the D. 
melanogaster of media banana shoes , artificial media to A , B , C , D , E , after the adult insects 
analyzed proteins ,  carbohydrates , fats , minerals , and the caloric value and determine the best 
medium of artificial media A , B , C , D , E to D. melanogaster insect breeding .  Doing hatching 
birds ' and weighing the birds' weight and feed children who were given the adult insect D. 
melanogaster from the first day until able to fly for 45 days .  Measuring the thickness of the 
nest , nest weight and analyzes of bird nest ( proteins , fats , carbohydrates , minerals ) as well 
as the time required for nest building of birds treated and non- treated . 
observation.  Made observations on the life cycle of each treatment by calculating the 
population of D. melanogaster cultured banana shoes , ( generation 1 s / d 3rd generation ) , long 
metamorphosis and do the same thing on artificial media . The next rare daily feeding , 
weighing and amount of feed consumed , accounted for 45 days . Nesting observation for 65 
days in the last swallows building harvested weighed , measured the thickness and weight of 
chemically analyzed nest swiftlet nests treated and non- treated . 
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C. RESULT AND DISCUSSION 
 
A. Chemical Analysis Media Alamia Before dimasukakan in fermentator 
1 ).  The level of acidity (pH) Natural Foods 
Based on the observation level of acidity ( pH ) of natural food banana shoes , before inclusion 
in fermentator is 6 . Development of D. melanogaster population started after fertilasi consisting 
of two periods of the eggs in the embryonic period when fertilasi until such time as the young 
larvae hatch from eggs more or less within 24 hours , at this time the larvae eat incessantly. 
The second period is after the eggs hatch called postembrionik development consisting of stage 
larva, pupa , and imago . 
 
Table 1 . Development of D. melanogaster populations of banana shoes on artificial food . 
 
D. Population Growth and Long Life of D. melanogaster on Artificial Food . 
 
1 ) . banana Shoes 
 

 
 
 
Eggs 
Based on the analysis of variance , artificial food very significant effect on the E ( 416 grains ) , 
A ( 396 points ) , C ( 402 grains ) , D ( 382 grains ) , of the ( 292 grains ) , high egg populations 
. The invention relates to an insect host by substrate color and odor of volatile oil ( Chapman , 
1971) . The eggs produced by female insects to a couple of times ( during the egg stage ) have 
not much effect on the population because the egg is not moving , not eating , and do not 
proliferate . The eggs of D. melanogaster . Elliptical -shaped objects are small and are usually 
placed on the surface of the food . Adult females begin to lay eggs on the second day after 
becoming adult flies and increased in the week to females laying 50-75 eggs per day . Within 10 
days maximum of approximately 400-500 pieces of eggs . 
eggs ; D. melanogaster vetillin coated by a thin membrane that surrounds the cytoplasm on the 
outside and thin silvia dianteriornya two tanks . According to ( Borror , 1992) , was a very 
strong thin membrane called the chorion and coated the outside of the egg chorion .  flyblow 
Based on the analysis of variance , the food was highly significant , medium A ( 317 head ) , B ( 
233.6 tail ) , C ( 322 head ) , D ( 306 animals) , E ( 369.3 tail ) . Types of food , water content , 
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and cross-sectional area . Food grain size effect on the development of a type of searangga . 
Larvae ; D. melanogaster white , shaped like a segmented worm with a mouth and brownish 
black , has a pair of spiracles are located on the anterior and posterior ends .  D. melanogaster 
experienced a skin substitute ( instars ) and lasts for three times where the first instar ( I) larvae 
after hatching , the second instar ( II ) the appearance of the teeth in the mouth to eat black 
preparation for the third instar ( III ) the preparation to form pupae and moving kepinggir - edge 
fermentator the place dry and then stopped moving  Pupa.  Based on the analysis of variance , 
artificial food very significant effect on pupal populations . Media A ( 237 head) , B ( 233.6 tail 
) , C ( 241.6 tail ) , D ( 229.8 tail ) , E ( 277.3 tail ) . 
Pupa ; D. melanogaster occurs when larvae instar ( III ) brown body that contract ( shorten ) the 
cuticle be hard and pigmented called fourth instar ( IV ) is characterized by the Establishment 
wing head and foot pads . In the pupal stage larvae in a passive state ( inactive ) . In this time 
the larvae towards / into adult flies  Imago.   Based on the analysis of variance , significant 
artificial food . Reproduction insect nutritional decline due to low population and development 
is also influenced by the type and amount of food . Media A ( 166 head) , B ( 175.33 tail ) , C ( 
164.33 tail ) , D ( 166.33 tail ) , E ( 195.33 tail ) . 
Imago or adult flies aged about 10 days after discharge from the pupa , the wing can not be 
grown and still a bit pale and after approximately 10 days 9 hours fly females to mate .  E. The 
protein in insects D. melanogaster.  In insects as well as other animals one of the major 
biochemical activity at the cellular level is the synthesis of proteins , where the characteristic 
features of insects holo metabola is a change in the form of larvae into the imago ( adult ) at the 
time of metamorphosis .  Fat bodies of insects is a major organ of metabolic processes a wide 
variety of biochemical substances and their role is crucial , especially in stadia pradewasa . 
Insects holometabola , during the development of insect larvae fat body responsible for the 
synthesis of various proteins in insect hemolimfanya synthesized in the fat body of an average 
protein synthesis at high body fat at the start of the growth of larvae and then decreases . Protein 
hemolimfa stored as vesibel to transport lipids ( fats ) , carbohydrates , and hormones .  
Synthesis and release of specific protein hemolimfa by fat body from larvae that were growing 
and the disposal and storage of these proteins in the same tissue for further development is 
controlled by hormones . 
For that we should not be surprised when the insect protein in insects D. melanogaster showed 
high numbers , the protein results in laboratory analysis around 55.19 % . In addition to high-
protein insects are relatively low fat content and a clean source of food by eating plants / fruits 
fresh .  Chemical analyst Table D. melanogaster  No. Parameter Analysis Method of Analysis 
Results 
 
1 Protein 55.19 % Makrojeldahl 
2 6.75 % Fat Extraction 
3 1.80 % Carbohydrates Hydrolysis 
4 Sodium ( Na ) 3.55 ppm AAS 
5 Potassium ( K ) 50.34 ppm AAS 
6 Calories 288.71 cal / g calculation 
Insect D. melanogaster high protein ( 55.19 % ) as the birds' feed 
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F. Presentation Given Insects In Bird Treatment and Non- Treatment . 
Table . Percentage Insects On The Swallow gizzard Kamangta What Not Provided treatment . 
 

Ordo Famili Presentase (%) 
Diptera Drosophilidae  

Phoridae 
45 

Cleoptera Tenebrionidae 20 
Homoptera Aleyrodidae 10 
Isoptera Kaloptermitidae 10 

Lain-lain -    15* 

 
Table. Percentage Insects On The Swallow gizzard Kamangta treated. 

Ordo Famili Presentase (%) 
Diptera  Phoridae 

Psychodidae 
Drosophilidae 

 
75 

Coleoptera  Tenebrionidae  
Silvamidae 

 
20 

Lain-lain  -  5* 
 
Note *: other; insect was identified as damaged. Swiftlet treated, take the order diptera and 
coleoptera. Non-free treatment to fly and prey on the order of the Homoptera, Isoptera, diptera, 
coleoptera and other insects are not detected proving that the location of the bird cage and the 
ecosystem environment favorable to the development of swiftlet (predators).  Observation of the 
relationship between the number of birds feeding and body weight in birds treated with variable 
amounts of feed (X) and weight (Ŷ) r = 0.9 with the regression y = 1.43 x + 1.67 where price x 
0.02 , thit = 26, 16> t 0.99 (43) = 1.17 this means that there is a highly significant positive 
correlation between the amount of feed and weight.  
 
Weight Charts Swallow Treatment and Without Treatment 
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Based on observations of the thickness of a bird's nest , nest weight with treatment and without 
treatment with the null hypothesis as follows : 
  
  
Reject , if thit > ttab 
To test this hypothesis , compared to the average thickness of a given bird nest treatment ( ) with 
a bird's nest without treatment ( ) during the experiment . 
  = 0.98 with S1 = 0.0968 
  = 0.62 with S2 = 0.0887 
S2 0.00862 
thit 12.26 
For α = 0:01 , thit = 12:26 > t0 , 99 ( 38 ) = 2.42 . This means that the average thickness of the 
bird's nest in the treatment of very , markedly higher than the thickness of the bird's nest 
naturally ( without treatment ) . 
The thickness and weight of the bird's nest is very real treatment is higher than the thickness of 
the non- treatment birds' nests x = 0.01 , thit = 12.26 > 0.99 t ( 38 ) = 2.42 . Reject Ho if thit > 
t0.99 ( 38 ) = 2.42, this means that the average weight of edible bird's nest in a very real 
treatment is higher than the weight of non- treatment birds' nests . 
Graph thickness Swallow's Nest Treatment and Without Treatment 
 
 
 

 
 
Heavy Bird's Nest  
Based on observations, it turns heavy bird nest treated higher than the natural bird's nest 
(without treatment), null hypothesis is formulated as:  
  
 Reject, if thit> ttab  
To test this hypothesis, compared to the average weight of a given bird's nest treatment () with a 
natural bird nest / no treatment () during the experiment.  
   = 8.56 with S1 = 0.4867  
   = 7.52 with S2 = 0.4588  
S2 0.2237  
(Vincent, 1991)  
thit 6.95   For α = 0:01, thit = 6.95> t0.99 (38) = 2.42. This means that the average weight of 
birds' nests in the treatment of very, markedly higher than the natural bird's nest weight (without 
treatment).  
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Weight Charts Swallow's Nest Treatment and Without Treatment  
 

 
 
When food available for the birds in the vicinity of the building energy treated birds to search 
for food, does not require a long time to find / hunt for food outside the building, especially in 
the dry season. When hunting birds feed away from buildings, insects gained less than the needs 
and birds suffering from fatigue, the possibility of getting lost or birds can not return original 
place of occupancy. Backup saliva prepared for nest building and in particular the protein is 
reduced impact on the formation of a nest of thin / thick not.  

 
Table. Results of Chemical Analysis of swallow's nests  
 

No Parameter (%) 
Analysis Results 

Analysis 
Method Treatment 

Without 
Treatment 

1 Fat 0,30 0,21 Hydrolysis 

2 Protein 52,05 52,47 Makrokjeldhal 

3 Carbohydrate 16,32 16,33 Hydrolysis 

4 Calcium 2,26 0,19 AAS 

5 Potassium 2,36 3,18 AAS 

6 Magnesium 0,05 0,07 AAS 

7 Sodium 0,13 0,18 AAS 

 
CONCLUSION  
 
           Insect D. melanogaster is an insect living on fruits and media that undergo fermentation , 
it can be seen clearly when fruits or vegetables and garbage who started / would rot . These 
insects are interesting to study because living around humans ( insects settlement ) of the order 
Diptera Drosophilidae family . 
These insects examined in the Village Kamangta with a height of 500-600 m above sea level in 
fermentator intended bred again swiftlet larvae feed children , imago ( adult ) for the adult birds' 
feed . 
Some of the scientific information about the contribution of D. melanogaster is used to control 
feed swiftlets ( collacalia fuchifaga ) of larvae and adults very well with the value of 55.19 % 
protein , which is bred from natural media ( banana shoes ) and fermentation of bran / rice bran .  
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1 . Based on the analysis of variance showed that the natural medium of banana shoes gave a 
positive response in the growth of insect populations of D. melanogaster , for artificial feeding 
fermented bran treatment E to D. melanogaster best of feed nutrients banana shoe types 
significantly influenced the development of the fly population D. melanogaster fruit and the 
largest population in the natural medium banana shoes . Besides comparison nisba kelamin1 
male and 5 females and D. melanogaster population growth process starts from mating behavior 
, egg laying , and the process of metamorphosis .  2 . Artificial feed ( artifical food ) intended to 
divert the insects D. melanogaster from multiplying in the months naturally cultivated , while 
the bran / rice bran fermented pest activity is expected to result from D. melanogaster decreases 
and reduced and will be a source of feed swiftlets ( predators ) . Predators can be cultivated in 
areas mountains at an altitude up to 1000m above sea level between 300m asl apart in coastal 
areas . 
3 . Feed type ( insect D. melanogaster ) as the birds' feed high protein significantly affect the 
thickness of the bird's nest . For α = 0:01 , thit = 6.95 > t0.99 ( 38 ) = 2.42 and weight of the 
non- treatment nest . 
In organoleptic form nests did not differ either in form and color , and the provision of D. 
melanogaster as feed can reduce the duration of post -harvest dry season from 80 days to 65 
days . 
4 . There is a linear relationship between the amount of feed and weight of children swallow , 
for α = 26.16 00:01 thit > t0 , 95 ( 43 ) = 1.67 means that there is a highly significant positive 
correlation between the amount of feed ( x ) and weight ( y ) the regression Y = 1.43 x + 1.67 .  
Imago D. melanogaster , have a high protein 55.19 % for α = 4.56 0:01 thit > t0 , 95 ( 43 ) = 
1.67 weight chicks fed researcher significantly higher than the child's weight bird that fed their 
parent in other words that the D. melanogaster both being fed to birds' .  B. Advice  This study 
can be used as a reference for the control of insect pests of fruit fly D. melanogaster by 
exploiting predators ( birds' ) is very beneficial because it targets precisely to the target pest , 
and does not provide impact resistance on non-target insects than the use of pesticides .  Another 
advantage is the predator birds' nests can produce high economic value of birds and insects D. 
melanogaster easy to breed in a short time (10-13 days ) , in addition to the insect pest is below 
4 mm, which can lead to pests and diseases in plants and plants can be controlled without the 
use of pesticides . Voting should be based on the principle of sustainability in order to nest 
swiftlet population does not experience stress and nest remains sustainable production in post-
harvest production , as well as the quality and quantity is maintained nest . 
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ABSTRACT 
 

Preparation of zinc oxide impregnated zeolite from natural zeolite  and its 
catalytic activity in pentanol dehydration was investigated. The impregnation process was 
conducted by two main steps; chemical activation followed by wet impregnation using 
ZnSO4.7H2O as precursor and the characterization of prepared material was conducted by 
X-ray diffraction,  scanning electron microscope (SEM-EDX) and surface acidity 
measured by pyridine adsorption-FTIR spectrophotometric method.  As catalytic activity 
evaluation, pentanol dehydration over prepared material under vapor phase reaction 
mechanism was conducted by varied temperature of 300,400, 500 and 700oC. For 
mechanistic study, the product of reactions  was analyzed by using gas chromatography-
mass spectrometry(GC-MS) . It is found that temperature affect strongly to the reaction 
mechanism  in that at the temperature of above 500oC the etherification was occured. 
From the comparation with  zeolite, it can be noticed that the role of solid acidity also 
influences the reaction mechanism.  
 
Keywords: Alcohol Dehydration, Natural Zeolite, Impregnatio, Heterogeneous Catalysis. 
 

 
Introduction 

Alcohol dehydration becomes one of important  reaction in alternative energy 
development, for example the conversion of alcohol to ether. For the conversion, several solid 
acids have been reported to be successful in catalysing the reactions especialy the catalyst with 
acidity and catalyst thermal stability as the  important physical properties for the mechanism[1]. 
Silica alumina materials such as clay and modified clay as well as zeolite and its modified form 
have been previously reported. Zeolite with sufficient surface acidity, high specific surface area 
and higher thermal stability compared to clay is one of the silica alumina mineral for 
heterogeneous catalysis in alcohol dehydration.The presence of Lewis and Broensted acid sites 
of zeolite that enhanced by thermal condition is the main reason which  theoretically and 
practically proven. However, in order to improve the activity and selectivity towards a specified 
product, some modification regarding to the surface functionalization is required. Especially for 
natural zeolites as raw material in catalyst preparation, major drawback that has been discussed 
are mainly related with the poor thermal stability  character and also their low tolerance to hot 
liquid water as product of dehydration[2][3]. Based on some researches on the utilization of zinc 
oxide and its composite forms as highly active in alcohol conversions, this investigation is 
efforted to improve catalytic properties of zeolite by impregation of ZnO onto zeolite as solid 
support. Aim of research is to study on the change of physicochemical character in its relation 
with catalytic activity in 1-pentanol dehydration.Effect of the formation of ZnO In advance 
effect of temperature to the catalytic mechanism is discussed. 
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Materials and Method 
 

The zeolite used as raw materialin this research was natural zeolite obtained from Klaten, 
Jawa Tengah Indonesia.The powder of zeolite was chemically activated by refluxing in 
hydrochloric acid 0.1M for 6h followed by neutralization before using. Zinc acetate dyhydrate 
(ZnO.2H2O), ethanol, 1-pentanol were purchasedfrom Merck-Millipore.  

ZnO/zeolite catalyst was prepared by impregnation method. Precursor solution prepared 
from zinc acetate dilluted in ethanol:water solvent was dispersed into zeolite powder slurry 
followed by stirring for a night. Solvent was then evaporated slowly before drying and calcined 
at 700oC for 5h.  Powder of ZnO/Zeolite was characterized by x-ray diffraction(XRD) analysis 
collected using Shimadzu X6000 instrument, gas sorption analysis by NOVA1200e and surface 
acidity determination by pyridine adsorption-FTIR analysis. Sampel in a dessicator was 
evacuated for 4h before expossed with pyridine vapor for a night and measured by using FTIR 
spectrophotometer after reevacuation for 1h. An AVATAR FTIR spectrophotometer instrument 
was utilized for this purpose. Pentanol as feed was vaporized befor was purged into catalyst 
coloumn at varied temperature.  The temperature inside the reactor wascontrolled with a CAL 
9500P controller (CAL Controls Ltd.). Product of reaction was condensed and the liquid was 
then analyzed using a GCMS instrument. Reaction parameters of catalyst activity, total 
conversion and product selectivity were calculated based on GCMS analysis by using following 
equation[4]: 
 

����� ����������(%) =
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[1-pentanol]o, [1-pentanol]p are peak area of 1-pentanol in feed and product respectively 
 
 
 
Result and Discussion 
 

Physicochemical character of catalyst plays role in the catalysis mechanism. As catalyst 
in alcohol dehydration, the presence of surface acidity and surface active sites  will directly 
drives the interaction  amongs reactants. Confirmation on the formation of chrystalline and  
porous structure from the dispersion of ZnO on zeolite surface was observed by x-ray 
diffraction and Brunair-Emmet-Teller(BET) isotherm adsorption-desorption profile from gas 
sorption analysis. XRD pattern of both ZnO/zeolite and activated natural zeolite is depicted in 
Figure 1. 

From the pattern it can be seen that there is no significant change in zeolite structure as 
shown by the relatively similar intensity of all reflections corresponding to the presence of 
zeolite structure. Some reflections at 2= 9.89; 27.58; and  29.80 are the indications for the 
mordenite structure and Clinoptilolite structure are confirmed by other reflections at : 22.43o[5]. 
Those reflections are appeared in ZnO/Zeolite pattern beside of the reflection related to the 
occurence of ZnO phase at 2= (2θ) of 31.3670, 34.0270, 35.8596correspond to the reflection 
from: 100,002,and  101 crystal planes, respectively(JCPDS card no.0-3-0888)[6], [7].  
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Figure 1. XRD Pattern of ZnO/Zeolite (above) and Zeolite (bellow) 

 
ZnO impregnation also affects to the N2 adsorption-desorption profile as presented in 

Figure 2 contribute to the specific surface area, pore volume and pore radius data listed in Table 
1.  Although was not significantly  different,  the adsorption capability of ZnO/zeolite is higher 
compared to zeolite as shown by the higher volume adsorbed at all P/Po condition.  Pore 
distribution appeared in Figure 2(c) showed that ZnO/Zeolite has higher volume at all pore 
radius. From the calculation based on the adsorption with BET isotherm data,  the higher 
specific surface area and pore volume were recorded(Table 1) while the pore radius of 
ZnO/Zeolite is lower than that of Zeolite. This is the indication of the ZnO aggregates formation 
on surfaces which tends to create aggregate pores.  

 
Table 1. Surface Parameter from BET Surface Area Analysis of ZnO/Zeolite and Zeolite 

Catalyst Specific Surface 
area(m2/g) 

Pore Radius 
(Å) 

Pore volume 
(cc/g) 

ZnO/Zeolite  80.67 12.21 38.56 x10-3 

Zeolite 49.43 14.93 28.7x10-3 
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Figure 2. Adsorption-Desorption Profile of ZnO/Zeolite and Zeolite 

 

 
Figure 3. FTIR of ZnO/Zeolite and Zeolite after Pyridine Adsorption 
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Table 2. Total Acidity and Lewis to Broensted Acidity Ratio of ZnO/Zeolite and Zeolite 

Sample 
Acidity (mmol 
pyridine/g) 

Total Acidity (mg 
butylammine/g) 

L/B ratio 

Activated Zeolite 0.460 0.775 0.99 

ZnO/Zeolite 0.760 1.110 1.09 

 
Catalytic activity of ionized zeolite is related to the presence of acid sites from 

tetrahedral [AlO4]
5- of zeolite frawework in that these sites have character to be both Broensted 

and Lewis acid.  Pyridine adsorption followed by FTIR analysis and also determination of total 
acidity by using n-butylammine titration were used to observed surface acidity qualitative and 
quantitatively. Analysis of surface acidity by using pyridine adsorption is based on the 
interaction between aromatic ring and nitrogen atom of pyridine. Aromatic ring of pyridine can 
bind to Broensted acid  of H+ and other protons from zeolite structure while nitrogen atom can 
coordinatively bind to Lewis acid sites i.e from Zn atom supported on surface. Spectra of FTIR 
is presented in Figure 3 and  the data on total acidity and also Lewis to Broensted acidity ratio 
are compiled in Table 2.  

Symmetrical bending of Al-O-Al and Si-O-Si are appeared at 650-720 cm-1 while 
absorbance at the region of 950-1250 cm-1 are correspond to asymmetric strecthing. The  
interaction between adsorbed pyridine are indicated from some peaks at around 1450.52 cm-

1and 1546.72 cm-1 which correlated to the bonding between N of pyridine and proton (H+) of 
zeolite. From the calculation based on FTIR spectra it can be noted that ZnO/Zeolite has higher 
total acidity and also L/B ratio. The insertion of zinc oxide particles are the main reason for the 
enhancement of acidity because of the contribution of d-orbitals of dispersed Zn. Lewis acid-
base interaction comes from the  bonding between electrone pairs of nitrogen to the formation 
Zn with coordination bonding.  

 
Figure 4. Effect of Temperature on Total Conversion 
 

Catalytic activity test of prepared material showed that the total conversion increased  
withincreasing reaction temperature(Figure 4). Furthermore, ZnO/Zeolite  exhibited a higher 
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conversion at all reaction temperatures, reachingcomplete conversion at 700 °C compared with 
zeolite. In advance analysis of  converted products catalyzed by ZnO/Zeolite were determined 
by using GCMS analysis as listed in Table 3. It can be seen that at 400oC the product consisted 
of 2-pentanone which is also produced over activated zeolite at all temperature condition.  The 
yield was gradually changed with increasing temperature whereas at 500oC and 700oC the 
product of 1-pentyloxy pentene was formed. The product was observed only over ZnO/Zeolite 
which indicate the role of ZnO as active sites in the catalysis mechanism.  

At relative low temperature (400oC) thermal effect seems occured since the product of 
2-propanone was found. The route of conversion  probably consist of thermal cracking to 
produce ethylene gas and followed by oxidation to produce 2-propanone. The domination of 
thermal effect compared to catalytic effect may related to that catalyst was in the inactive 
condition.  As the temperature increased, the product of 1-pentyloxy-2-pentene, penten-1-yl, 
pent-2-yl ether and di-n-pentyl ether were produced and gradually enhanced by higher 
temperature. The mechanism of etherification whitin the  dehydration was dominantly occured 
within both varied temperatures. The possible mechanism occurs is presented in schematic 
mechanism as modified from [8].  
 
Table 3. Product of 1-pentanol dehydration over ZnO/Zeolite at varied temperature 
Temperature  Product of Reaction  Structure  % 
400oC 2-propanone 

 

48.75 

1-pentanol 
 

50.81 

2-pentanone  0.15 
500oC 1-pentanol 

 
43.55 

1-pentyloxy-2 pentene  
 

11.46 

Pentanoic acid  

 

0.28 

Heptane 

 

0.58 

700oC 1-pentanol 
 

1.24 

Di n-pentil ether 

 

21.26 

1-pentyloxy-2 pentene  
 

7.98 

 penten-1-yl, pent-2-yl 
ether 

 

8.10 
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Figure 5. Schematic Possible Mechanism of 1-pentanol Dehydration as modified from 
Mohammed and El-Esaimi[8] 
 

1-pentyloxy-2-pentene(5)  is probably produced from the bimolecular interaction 
between pent-1-ene(2) and carbocation (1). The ionic interaction has higher possibility and 
theoretically enhanced since the surface active of Zn on zeolite surface active[4]. The possible 
route for the formation of this compound attribute to the strong adsorption of intermediate 
product(1) and (2) by the surface leads to the structural rearangement to form the compound(4).  
It is also showed by the presence of heptane as a result as well as propanoic acid. At higher 
reaction temperature of 700oC, it can be seen that  penten-1-yl, pent-2-yl ether(6) and di-n-
pentyl ether(4) were produced. The product of (4) is the main chemical targetted in this 
mechanism as reported by several authors [4], [8], [9] while the product (5)  was similar 
compound that was also reported from the 1-pentanol dehydration over zeolite[8]. From 
elucidating the mechanism it can be concluded that ZnO impregnation onto zeolite surface 
contributes significantly to the surface activity and that is strongly correlated to the surface 
acidity improvement.  
 
 
Conclusion 

In this research ZnO/Zeolite has been succesfully prepared with enhanced 
physicochemical character that support the function of the material  as catalyst for 1-pentanol 
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dehydration. An important character of surface acidity presents the active sites in the catalysis 
mechanism.  An important concept presented from the varied temperature is that surface active 
properties of ZnO/Zeolite affects the mechanism involved via the adsorption of reactant by Zn 
metal dispersed on solid support. Bimolecular interaction on surface occurs at the temperature 
500oC and 700oC while at 400oC thermal effect is relatively dominant.  
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Abstract 

 
A research on effect of coconut shell pyrolisis temperature and liquid smoke 

distillation on character of resulted liquid smoke has been done. Objective of the research 
is to identify effect of coconut shell pyrolisis temperature and liquid smoke distillation on 
character of coconut shell liquid smoke distillate. Liquid smoke was obtained with 
pyrolisis using pyrolisis reactor on temperature range of 150 to 450oC. Liquid smoke 
purification was done by decantation, filtering and distillation at various temperatures: 
<100 (D-I), 100-120 (D-II), 121-140 (D-III), 141-160 (D-IV), 161-180 (D-V) and 181-
200 (D-VI). Liquid smoke characteristic was done by determining physical and chemical 
characteristic such as density, bias index, pH, acid level and phenol level. The result 
indicated that temperature of coconut shell pyrolisis and liquid smoke distillation affect 
concentration and liquid smoke characteristic. Highest liquid smoke concentration was 
obtained in pyrolisis temperature of 150-200oC (6.07% (v/m)) and the lowest one (0.85% 
(v/m) at temperature of 351-4500C. highest tar concentration (1.03% (v/m) was obtained 
at 276-350oC, and the lowest (0.20% (v/m)) at 150-200oC. Charcoal concentration was 
28.75% (m/m). Characteristic (pH, acid level and phenol level) of liquid smoke before 
and after purification process and distillation are various. Highest pH (6.2) was D-I, while 
the lowest (4.1) at D-VI. The highest acid level (58.40%) was at D-VI, while the lowest 
(1.86%) was at D-I. at D-I liquid smoke does not contain phenol, while the highest 
phenol content (3.85%) was in D-VI and the lowest was liquid smoke residue (1.93%)  

 
Keyword: liquid smoke, temperature, coconut shell.  

 
 
INTRODUCTION 

Coconut shell is one of coconut parts and is by product of coconut processing. Coconut 
farmer in North Sulawesi use it as fuel in making copra and for cooking. Direct burning of 
coconut shell result in some that is dangerous waste and when it is not managed seriously it can 
air pollution. Coconut shell can be processed to be product having high economic value. 
Pyrolisis of coconut shell result in charcoal and smoke that can be condensed to be liquid 
smoke, tar and uncondensed gasses. Charcoal can be processed further to be briquette or active 
charcoal while liquid smoke can be used as food preservation agent substituting formalin and as 
antibacterial agent [12,17]. 

Wood pyrolisis result in liquid smoke that contains various complex chemical 
compounds[3]. Coconut shell belongs to hard wood group that containing three main 
components: cellulose, hemicelluloses, and lignin. Cellulose decomposition by heat results in 
anhydroglucose, carbonyl compound and furan. Decomposition of hemicellulose is similar to 
that of cellulose, but resulting in acetate acid and carbon dioxide. Partial pyrolisis of lignin 
results in various phenolic compounds [20]. Composition of liquid smoke is affected by raw 
material type, duration of burning and burning temperature. Liquid smoke is used commonly by 
agent providing aroma, texture and taste of food product, such as mead, fish and cheese [15]. In 
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Indonesia, liquid smoke is used in smoked milkfish industry in Sidoarjo. Liquid smoke of 
coconut shell is also used in laboratory scale [7]. 

In pyrolisis process, to obtain quantity and quality of good liquid smoke require research 
to look for operational condition to maximize concentration and quality of liquid smoke. 
Pyrolisis temperature is one of operating parameters to achieve the goal. In addition, to obtain 
liquid smoke free from tar it is necessary a separation process to obtain good and safe liquid 
smoke to apply for food product. 
 
RESEARCH METHOD 
Materials 

Coconut shell from byproduct of copra making, liquid smoke, chemical material with 
grade pro analyst from Merck: NaOH, Na2S2O3, pp indicator, ethanol and reagent Follin-
Ciocalteu, zeolite, filter paper Wathman no.42 
Coconut shell pyrolisis 

Washed coconut shell with its dimension is reduced was put into pyrolisis reactor and 
closed well. Reactor was heated in high temperature (150-450oC) with heating rate of 30oC per 
minutes. After reaching desired temperature, it was let 2 hours and smoke flow through 
evaporation pipe, cooled through cooling media. Then its liquid was discharged through pipe 
placed in container. After there is no liquid, the heating is stopped and reactor is cooled. 
Condensate and charcoal was weighted to determine concentration. Condensate concentration is 
mix of liquid smoke and tar calculated as % volume/weight and charcoal is calculated as % 
weight/weight 
Purification and characterization of liquid smoke  

Liquid resulted from pyrolisis is heterogeneous mix of liquid smoke and tar and still 
contain toxic component. The liquid is stored some days to allow tar and other unsolved 
compounds to separate or settle, then decanted, filtered with filter paper and zeolite and 
distilled/re-distillated. 
Liquid smoke distillation 

Liquid smoke resulted from decantation and filtering (750 ml) was put into 1000 mL 
round-bottom flake then distillated fractionation using fractionation column of 60 cm equipped 
with condenser and heated using oil heater at 0-200oC. Distillate was taken in collector in 
various temperatures: <100 (D-I); 100-120 (D-II); 121-140 (D-III); 141-160 (D-IV); 161-180 
(D-V); 180-200 (D-VI). Resulted distillates were characterized by determining physical and 
chemical characteristic. 
Characterization of liquid smoke  

Liquid smoke is characterized with standard method according to [10], which includes 
determination of specific mass, bias index, pH value, total acid analysis and phenol content 
a. Determination of specific mass and bias index of liquid smoke  

Measurement of specific mass of liquid smoke and tar was done using 10 ml pycnometer, 
while bias index was determined using refractometer. Procedure of specific mass 
determination is as follow. Cleaned and dried pycnometer was weighted carefully and its 
weight was recorded. Distillated water was put into pycnometer until calibration mark and 
weighted. Its weight was recorded. Distilled water is discharged, and then pycnometer is re 
dried. Then liquid smoke was put into calibration mark and its weight was recorded. 
Specific mass of liquid smoke was calculated using following equation: 

�������� ����

=
(������ ���� +  ����� ���������� ����) –  ����� ���������� ���� (��)

(����� ���� −  ����� ���������� ����)  −  ����� ���������� ���� (��)
 

(SNI 06-2388-1998) 
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b. pH value 
pH value of resulted liquid smoke is determined using digital pH meter Metrohm type 692 
pH/ion meter by dipping  electrode into distilled water and wiped with tissue. Then, 
electrode is put into liquid smoke sample. pH value appearing in screen is recorded as pH 
value of liquid smoke. 

c. Analysis of total acid[2] 
Liquid smoke 5 mL was added with 100 mL distilled water and shake until homogenous. 
Then 3 drips of pp indicator were added. Then it was titrated with NaOH 0.1 N until light 
red. Total acid measured is considered as acetate acid. Acetate acid content: 

� =
������ �� �� ����� ×  � ���� ×  60

������ ������ (�� ×  1000) 
× 100 

d. Phenol content[15} 
Sample of 10 mL was placed in reaction tube containing 12 mL ethanol 95% and 5 mL 
distilled water. Then 0.5 mL reagent Follin-Ciocalteu was added into each tubes. They are 
let for 5 minutes and added 1 ml Na2S2O3 5% into sample, and shaken in Vortex Shaker, 
then stored in dark room for 60 minutes. Then, sample was shaken again using Vortex 
Shaker and its absorbance is measured at 725 nm wave length. 

 
RESULT AND DISCUSSION 
Pyrolisis result  

Coconut shell from byproduct of copra making has 6.16% water content. Pyrolisis 
product of 8 kg coconut shell in various temperatures is presented in table 1. 

Table 1 Yield recovery of liquid smoke, tar and charcoal 

No 
Temperature 
(oC) 

The yield of 
Liquid smoke 
(%v/m) 

Tar (%v/m) charcoal 
(%m/m) 

1 150-200 6,07 0,20 

28,75 
2 201-275 3,21 0,23 
3 276-350 4,58 1,03 
4 350-450 0,85 0,83 
 

In pyrolisis process, coconut shell is broken and put into pyrolisis reactor connected with 
smoke link pipe and equipped with tar collector, cooling and liquid smoke collector. Pyrolisis 
process of coconut shell occurred in pyrolisis reactor after heating in high temperature and took 
5 hours. Pyrolisis product of coconut shell consisted of charcoal, tar, liquid smoke distillate and 
uncondensed gases. 

Pyrolisate is created or drip at 150oC and at higher temperature from 200oC tar is formed. 
End of pyrolisis process is known from no distillate created and from discharged gases or not 
condensed gas. Charcoal product is carbon composing coconut shell solidified after volatile 
compound of coconut shell change to be liquid smoke and gas in pyrolisis process. Gas volume 
was obtained from law of mass conservation assumption, in which mass before reaction is same 
as mass after reaction [16]. After let sometime the resulted Tar and liquid smoke would be 
separated by forming two layers due to its phase nature, polarity and different specific gravity; 
liquid phase was in upper layer and solid phase was in lower layer. Tar is non polar and very 
concentrated, while liquid smoke is polar because it can mix with water and contain non polar 
component solved within it. Liquid smoke of pyrolisis process has strong smell and contain 
smoke particle. 

According to [6] and [11] in temperature below 200oC is pyrolisis reaction that disappear 
water from wood, while above 400oC it is not decomposition of wood component to organic 
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compounds but heating process and charcoal ripening. In addition, the temperature range is 
maximal burning temperature in liquid smoke making process. 
Effect of temperature on liquid smoke and tar concentration 

Concentration is one of important parameter to identify result of a process [19]. Figure 1 
indicate graphic of association between pyrolisis temperature and % liquid smoke and tar 
concentration resulted from pyrolisis process of coconut shell. The figure shoes that highest 
liquid smoke volume is obtained at 150-250oC. In the temperature range, water discharge 
process occurs in coconut shell. 

 
Figure 1 Graph relationships % yield volumes of liquid smoke and tar with pyrolysis 

temperature 
At 201-275oC, it occur decrease in liquid smoke volume due to decrease in water in 

coconut shell accompanied with discharge of CO and making CO2, and charcoal residue 
making. So, result of pyrolisate decrease. At temperature 276-3500C result of pyrolisate rise due 
to lignocellulose decomposition and lignin disproportion reaction what still result in volatile 
compound with low molecule weight that is evaporated and condensed to be liquid smoke. 
Decrease in significant number of pyrolisate is indicated at 350-450oC. It is caused by 
component formed in pyrolisis process is degraded to result in CO, CO2, H2 (low and middle 
chain hydrocarbon) such as research by [19] stating that higher pyrolisis temperature will 
decrease amount of organic monomer degradation product. Decrease in degradation product 
will be accompanied with increase in carbon dioxide and other gas. 

Tar volume at 150-275oC is not relatively increase, while at 276-350oC increased and at 
351-450oC it decreased again. It may due to addition of vapor product of low volatile compound 
due to temperature rise, so push of vapor faster to be liquid smoke and result of tar is fewer. 
Maximal tar volume occur at 276-350oC, because at the temperature range lignocellulose and 
lignin degradation process occur that resulted in anhydrate and tar. So, maximal tar volume is 
accompanied with increase in pyrolisate product. At 350-450oC, there occurred decrease in tar 
volume and also very significant decrease in pyrolisate product due to end of degradation 
process of coconut shell component. 

Total concentration of liquid smoke and tar produced in this research was 14.71% and 
2.29%, respectively. Table 1 indicated that solid product of shell charcoal of 28.75 what show in 
coconut shell there is volatile component of 71.25% that change into pyrolisate, tar and 
uncondensed gas. Total liquid smoke and tar concentration is 17% so there is 54.25% gas 
disappear or uncondensed. In this pyrolisis process, percentage of loss gas uncondensed is very 
high. According to [18], lost chemical component in pyrolisis process is volatile compound and 
cannot be condensed with water as cooler in form of gas such as CO2, Co, H2, CHn and some 
hydrocarbon. 

Compared with some previous research, percentage of liquid smoke concentration in this 
research was far different. It is due to coconut shell used in this research is coconut shell from 
copra making remaining that have underwent baking process that has very low water content. In 
addition, the difference may be due to type of raw material, reactor shape and pyrolisis process. 
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Concentration percentage also depends on condensation system and instrument used. In this 
research condensation system sued to form liquid smoke use water flowed continuously as 
cooler media in order to make heat changing process can occur fast and temperature in cooler 
system did not increase. Liquid smoke resulted of coconut shell pyrolisis can be obtained 
maximally when its condensation process run perfectly. Therefore, condenser length used also 
determine product of liquid smoke. Theoretically, longer condenser may make smoke resulted 
from imperfect burning in extraction process of smoke distillate will be more optimal [19]. 

According to [18] liquid smoke concentration resulted from some woods varied from 
39.15% to 61.55% with average value of 50.09%. Meanwhile charcoal product varied from 
21.5% to 37.62% with average value of 31.54%. According to [14], pyrolisis temperature affect 
concentration or percentage of pyrolisate resulted. Higher pyrolisis temperature causes higher 
distillate percentage but with lower charcoal product. However, too high pyrolisis temperature 
will decrease amount of organic monomer degradation product. Less charcoal product relates to 
decrease in organic component in coconut shell cell due to higher pyrolisis temperature. 

Increase in pyrolisis temperature also increase lost component. It is indicated at pyrolisis 
execution in which increase in smoke temperature discharged and uncondensed is greater. 
Based on the result, it may be concluded that liquid smoke concentration resulted in pyrolisis 
process depend on raw material type, pyrolisis reactor and pyrolisis temperature. 
Effect of pyrolisis temperature on liquid smoke and tar specific mass 

Specific mass is ratio of mass of a sample and its volume. Specific mass of liquid smoke 
does not relate directly to liquid smoke quality resulted, but can indicate amount of component 
within it. Determination of specific mass AC-TK and tar was done using pycnometer. Data of 
specific mass measurement indicated that change in pyrolisis temperature did not affect specific 
mass of liquid smoke and tar significantly. In this research, lowest result of analysis of liquid 
smoke specific mass was 1.022 gr/mL and the highest 1.042 gr/mL. Specific mass of liquid 
smoke resulted from pyrolisis increase with increase in temperature although its increase very 
small. Highest specific mass is liquid smoke obtained from temperature 350-450oC, while its 
lowest in 150-200oC. The lowest specific mass of tar is 1.086 and the highest one is 1.101 
gr/mL. Specific mass of tar rise with increase in pyrolisis temperature although its increase is 
very small as liquid smoke. Specific mass of liquid smoke in each temperature is relatively low 
than that off specific mass of tar, so increase in pyrolisis temperature did not give significant 
effect on specific mass of liquid smoke and tar. 
Liquid smoke distillation 

Liquid smoke distillation was done to remove dangerous compound and not desired such 
as polyaromatic hydrocarbon (PAH) and tar, with regulation of boil temperature to obtain clean 
liquid smoke, free of tar and benzopirene. The distillation process used Vigreux column with 60 
cm length and 4 cm diameter. Use of Vigreux column is expected to separate component of 
liquid smoke more effective particularly carcinogenic component so purer liquid smoke may be 
obtained and its compound is isolated based on its characteristic. Data of volume concentration 
of distillated result of 750 mL liquid smoke of coconut shell in certain temperature range is 
presented in graphic of association of % distillate concentration and distillate temperature as 
presented in figure 2. 

Liquid smoke distillation process for 187 minutes resulted in liquid smoke distillate with 
different time volume and distillate percentage. Data and graphic in figure 2 indicated that D-II 
has most volume percentage (71.3%) and longest process (125 minutes). While at D-I, the 
concentration is leas (1.6%) with distillation duration of 15 minutes. D-III to D-V has relative 
similar concentration (3.7% and 3.6%) with distillation duration of 10, 12, and 15 minutes. D-
VI has concentration of 1.7% with 10 minutes distillation period. Remaining liquid smoke 
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residue (un-distilled) was 5.3%. The data indicated that dominant D-II contain water while D-I 
is composed by volatile compounds having low boil point.  

 
Figure 2 Graph relationships% yield of distillate volume of liquid smoke with distillation 

temperature 
Characteristic of liquid smoke distillate 
Liquid smoke quality 

Liquid smoke quality in taste and aroma is determined by composition and compound 
contained within it because the component is made as criteria of liquid smoke quality. 
According [5] quality of liquid smoke was determined by its chemical compound because the 
compounds are criteria for taste and aroma as characteristic of some. In this research, test of 
liquid smoke quality was done with physical and chemical test. Physical characteristic observed 
include color, aroma, specific mass and bias index, while chemical characteristic include pH, 
acid content and phenol content. 
Specific mass and bias index of liquid smoke distillate 

Specific mass of liquid smoke distillate was determined using pycnometer, while bias 
index was determined using refractometer. Result of specific mass and bias index measurement 
indicated that distillate collected in various temperatures did not affect specific mass and bias 
index. Resulted specific mass and bias index of distillate and residue indicated not significantly 
different value. The lowest specific mass is ACSD (1.01238), while the highest specific mass is 
liquid smoke residue (1.10369. specific mass of D-I to D-VI are relatively similar (1.07 – 1.09). 
Bias index of ACSD and distillate indicate not significantly different value (1.344-1.357). The 
lowest bias index is D-I (1.344), while the highest is in liquid smoke residue (1.673). 
pH, acid content and phenol content 

pH value is one of parameters of liquid smoke quality and was determined by chemical 
composition. pH value of liquid smoke related to process level of decomposition of chemical 
component of coconut shell resulting in organic acid in liquid smoke. When liquid smoke has 
low pH, quality of liquid smoke resulted is very high because at whole in food preservation 
process it effect greatly preservation value and storage value of smoked process and its 
organoleptic characteristic [19]. 

Result of pH measurement phenol contain and total acid content from liquid smoke of 
coconut shell pyrolisis before and after purification process and distillation are different. pH of 
liquid smoke before distillation (LSBD) was 4.82. After distillation at a certain temperature 
distillate yield with varying pH values. The highest Ph was in D-I (6.20) while D-II to D-VI and 
residue have no significantly different ph value (4.10 -4.63). First distillate has lowest acidity 
(highest pH). It is due to distillated compound in the temperature range is a volatile compound 
having low acidity level. D-I liquid smoke obtained at 100-120oC was predicted having high pH 
near seven due to the temperature is boil point of water so the distillate has water content, but 
based on measurement result it has pH 4.63.based on the data, the distillate may contain acid 
compound particularly acetate acid having boiling point of 118oC. pH value of liquid smoke 
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distillate is increasingly low along with increase in distillation temperature. It may be due to in 
the temperature water component increasingly less with increase of distilled organic acid. 
Presence of other compound having high acidity in each distillate is also predicted causing low 
pH or increase in acidity level of liquid smoke distillate. The lowest pH was D-VI and liquid 
smoke residue (4.10 and 4.12, respectively). Comparison with pH value of liquid smoke before 
distillation indicated pH of liquid smoke distillate decreasing, except for D-I having pH 6.2. 
Table 2 pH, acid and phenol content of distillate and residual liquid smoke coconut shell 

 
Acid content of LSBD compared with distillate and residue is relatively different. Acid 

content of D-II liquid smoke is almost same as LSBD. D-I AC-TK has the lowest acid content 
(1.86%), while acid content of D-III to D-VI increase with increase in distillation temperature. 
The difference is predicted due to temperature of D-I and DII, boiling point of acid compound 
has not been reached. At the temperature, distilled component is dominated by volatile 
compound having low acidity content.  

Result of acid content measurement indicated that higher distillation temperature reveal 
higher acid content. Increase in acid level is expected due to increase on acid component 
content along with characteristic of acids composing liquid smoke such as acetic acid having 
boiling point of 118oC, propionate acid  (141oC) and butyrate acid (162oC)[4]. Acidity data of 
liquid smoke distillate suit to pH data in which higher distillation temperature result in distillate 
with lower pH that means increase in acidity. 

According to [19], acid content is one of chemical characteristic determining quality of 
liquid smoke. Acid compound formed from wood burning process is organic acid compound 
resulted from pyrolisis process of wood components such as hemicellulose and cellulose in 
certain temperature. According to [6] some in liquid form also affect total acid of smoke 
condensate (40%) with 35 acid types. Acidity in some determine natural pH of smoke that have 
preservation characteristic, particularly in smoked product. Organic acid having important role 
in liquid smoke is acetic acid. Acetic acid is formed from pyrolisis process of lignin and part of 
pyrolisis of carbohydrate component, cellulose. Compared with result of research [4] there is 
not significant different between acid levels from distillate LS-CS purified with re-distillation 
except in D-I that is collected in temperature below 100oC. Acid content of liquid smoke 
distillate obtained in this research range from 1.86 to 58.40%, while research [4] indicated range 
of acid content from 8.68 -55.72%. In this research, first distillate acid content obtained in 
temperate <100oC (D-I) was 1.86% while research [4] indicated result of 12.34%. the difference 
may be due to different distillation process condition and temperature of distillate storing range, 
where in this research D-I is stored in temperature below 100oC so only volatile components 
have been distilled, while in research [4] D-I is stored up to 100oC so it is possible much water 
and acid components distillated. 

Liquid smoke acidity is also influenced by wood type or raw material used. According to 
[18] liquid smoke acidity of some woods varied from 4.27 to 11.39% with average value of 
6.59%. According to [4] liquid smoke acidity of some woods varied from 4 to 29%. Research 

Distillate pH Acid Content (%) Phenol Content (%) 
D-I 6,20 1,86 - 
D-II 4,63 9,60 2,25 
D-III 4,40 29,30 2,42 
D-IV 4,36 39,66 2,53 
D-V 4,22 56,41 2,82 
D-VI 4,10 58,40 3,85 
Residue 4,12 48,86 1,93 
LSBD 4,82 9,81 2,35 
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[13] indicated presence of acids till 10 carbon chain but the most is format acid, acetic acid and 
propionate acid and butyrate acid. Different acid content in liquid smoke may be due to 
difference on chemical composition particularly cellulose. 

Data of phenol content indicates presence of different phenol content between distillate, 
residue and liquid smoke before distillation. Increase in temperature in distillation process cause 
increase in phenol content. The research indicates that D-I did not contain phenol. It may due to 
boiling point of phenol and its derivative is relatively high so it is not distilled below 100oC. 
Phenol compound begin being detected at distillate collected at 100-120oC although its boiling 
point is high. It may be due to phenol form azeotrope with other compound such as water and 
organic acid so it is distillated. The highest phenol content in this research is D-V and D-VI 
collected in temperature range of 161-200oC (2.82 and 3.85%). It is due to the temperature 
range is boiling point of phenol compound and its derivative (18oC). Based on result of previous 
researches, phenol content in this research is not significantly different except phenol content in 
D-I. [4] reported that liquid smoke re-distillation at 100-200oC resulted in distillate with higher 
phenol content at 175-200oC (3.1%), while the lowest one is distillate collected below 100oC 
(1.14%). the result indicted that distillated collected below 100oC did not contain phenol. It is 
supported with result of identification with GC-MS analysis that did not indicate phenol 
compound in GC chromatogram or on MS spectrum data [9]. According to [1], phenol 
containing AC-TK was 2996.48 ppm or about 2.99%, while [21] stated that concentration and 
composition of phenol in liquid smoke varied between 1.10 to 5.13% depending on type and 
shape of wood as material of making liquid smoke.  
 
CONCLUSION  
1. Concentration of liquid smoke and tar resulted from pyrolisis process of coconut shell is 

greatly influenced by pyrolisis temperature. Highest liquid smoke concentration is obtained 
at 150-200oC (6/06%), while the lowest is obtained at 350-450oC (0.85%). 

2. Distillation process using fractionation column can separate and purify composing 
component of liquid smoke of coconut shell. The highest liquid smoke distillate 
concentration is obtained at temperature range of 100-120oC (71.3%), while the lowest at 
temperature below 100oC (1.6%) 

3. pH value, acid content, and phenol content of liquid smoke before and after purification are 
various. The highest pH is D-I liquid smoke, while the lowest is in D-VI liquid smoke. The 
highest acid level is D-VI (58.4%), while the lowest is D-I (1.86%). The highest phenol 
content is D-VI (3.85%), while the lowest is liquid smoke residue (1.93%). D-I liquid 
smoke did not contain phenol.  
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ABSTRACT 
 

 The research aim is to produce cacao vinegar through pyrolysis technology of 
potential chemical compounds from cacao shell wastes. Results of this research are 
expected to give benefits as follows: Liquid smoke produced from cacao shell wastes 
through pyrolysis process is able to diversify fertilizer and new products, The results 
research showedthat thefat contentof fermentedforLuwu  district 35.21Results of 
pyrolysis of cacao waste  that gave the highest liquid smoke as much as 40,36% in 
p.yrolysis temperature of 500oC  In terms of the charcoal produced from pyrolysis 
process containing the highest yield was cacao shell waste Luwu district as 42,08%  
Identification of GC-MS of  cacao  shell could provide compounds that mostly derived 
from  acetone 13,01%, acetate acid 73,86%, 2 buthanone 6,60%, methyl ester 2,46%,  
and propanoic acid 4,07%    Usually, Result X-RD analysis for cacao shell char with  
Luwu District as cristalinity  degree 22,83%.contentof Nforcocoa  vinegar 
rindLuwudistrictof175.53ppmand1.39% charcoal, greater thenitrogenelement contentthe 
betterforplants as fertilizer organic. The technology of integrated cacao vinegar-charcoal 
production hence deserves its dissemination throughout Indonesian.  
 
Key Words :Cacao wastes,  fermentation, pyrolysis, and  Cacao Vinegar  

 
 
INTRODUCTION 

Cocoa production increased by 325 thousand tonsin 2013, by replanting cocoa, 
rehabilitation and intensification through Gernas Cocoa, a program of the National Movementof 
Production and Quality Improvement of Ministry of Agriculture Cocoa is stil considered not 
optimal, and have not be enable to increase productivity and farmers'  welfare people. Low price 
of cocoa beans, is also a problem for increased production. Results of other studies indicate that 
cocoar ind fresh sun dried and then milled then be used as animal feed. Cocoa beans are rich in 
polyphenols. Cocoa and its derivatives (Cocoa powder, Cocoaliquordanchocolate) containing 
varying concentrations polyphenol. The polyphenols in cocoa beans contribute about12-18% of 
the dry weight of the whole duty (Misnawi. 2012). Potential skin cocoa pods in the degradation 
of petroleum hydrocarbons contaminated with crude oil, which contained two kg of soil in a 
plastic bucket 36 contaminated with 250mL of crude oil (Agbor, etal.2012). 

Pyrolysis is the best method (excelent) to realize a clean an defficient conversion of 
biomass to the source, where the product gases, liquids and solids have a high value to be used 
Yemen 2004), in addition to the normal heating method (electrical heating), 
plasma(Xiuetal.2005), heating technology is able to applyfor thepyrolysisof biomass. In 
general, there arefourstages usedtoconvertplantsinclude bamboo as an other advance of 
bioethanol pretreatment, hydrolysis enzimatic, ethanol fermentation and purification, to find a 
way to benefit from natural resource-based biomass for the supply of renewable energy and 
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sustainable development. Application of slow pyrolysis process that can be used to reduce 
electricity by between 31-33% recovery 

The purpose of this study is as follows cocoa bean fermentation process to remove the 
pulp. .Conduct of  liquid smoke from pyrolysis of waste cocoa shell Luwudistrict analysis and 
testing of chemical compounds contained in the cocoa waste,. 

 
RESEARCH METHOD 
Raw Material 

Cocoa beans are dried by the drying method used by producers of cocoa. Cocoa beans 
are sun dried at different times ranging from3-5 days, the drying time is approximately 9 hours 
per day. Preparation of samples of cocoa beans each treatment, then washed and dried for 3 
days, and then analyzedt he fat content. 
 
Methode 

Fruit peel waste cocoa and cocoa leaves put into the kiln with the temperature and time 
setting, capacity (liquid smoke and charcoal). Determine the value of charcoal yield, moisture 
content, volatile matter, ash content, calorific value and carbon value.. 
Analysis  Date 

Cocoa fruit skin samples analyzed Klason lignin content, holoselulosa levels, and 
Cellulose.,TGA and Analysis charcoal cocoa rind with FTIR, SEM, XRD, andGCMS. 

 
RESULT OF RESEARCH AND DISCUSSION 
Based on the research results that have beenfermentedcocoa beans originating from Luwu 
district has a fat content of 35.21%, with apH of 5.61and FFA of 0.09. Water content in cocoa 
beanst hat have been fermented by 5.81. In the previous study. Thermal decomposition process 
has been carried out for the pyrolysis of biomass and its constituent mainly contains cellulose, 
hemicellulose and lignin are different. The content of hemicellulose, cellulose and lignin on 
cocoa waste can be seen inTable1. 

 
Figure 1.Analysis TGA/DTA for cacao waste 

 
Table1.Content (% b/b) hemicellulose , cellulose and hemicellulose  cacao shell 

Cacao waste Content  (% b/b) 
Hemiscelulloce Celuloce Lignin Holoceeluloce 

Cacao Shell sawdust 16,81 12,12 64,72 28,93 
 
Based on the decomposition of lignin content in the skin known cacao shell Luwu district 

64.72 % , 16.81 % of hemicellulose , cellulose and hemicellulose 12.12 % 27.83 % . ( Table 1 
and Figure 1 ) . Lignin is one of the determinants of the components to produce a quality liquid 
smoke ( Nurhayatiet al . 2005) ] . Lignin content depends on the different types of raw materials 
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. This suggests that the pine wood lignin structures are formed by koniferil alcohol alone , while 
by teak wood lignin prepared by koniferilsinapil alcohol and alcohol with a certain ratio ( 
Yemen 2004 ) . Chemical components contained in the liquid smoke is very dependent on the 
process conditions and raw materials used According Fengel&Wegener . 1995, the chemical 
composition of teak wood contains 39-57 % cellulose , 7-13 % hemicellulose, and lignin 29-39 
% . The chemical composition of corn stalks used containing 42.4 % cellulose , hemicellulose 
and lignin 29.6 % 21.7 % ( Lv. et al . 2010) . The chemical composition of rice straw containing 
cellulose 34.94 % , 36.06 % hemicellulose and 12.3 % lignin ( Tewfik et al . , 2011) . 

 
Table 2.Analysis result GC-MS for cacao vinegar shell district Luwu 

Cacao Waste  Compound chemical Prosentase(%)  
Cacao Shell  
Luwu district 

 Aceton  13,01 
 Methyl Ester 2,46 
 Asetic Acid 73,86 
 2 buthanone 6,60 
 Propanoic Acid 4,07 

 
GC - MS analysis was conducted to determine the types of compounds contained in any 

liquid smoke . Compounds that passed the GC - MS will be separated into its component 
chemical liquid smoke cocoa rind Luwu district ( Table 2 ) , ie 13.01 % acetone , methyl acetate 
2.46 % , 73.86 % acetic acid , 2 butanone 6 , 60 % and 4.07 % propanoic acid . This is due to 
the presence of liquid smoke kandundan rind of 40.36 % cocoa and cocoa rind charcoal Luwu 
District of 42.08 % ..and lignin content in cocoa rind Luwu district at 64.72 % , the study was 
supported by the dominant compound results of the pyrolysis of wood and acacia wood 
toothpick consisting of acetic acid and vanillin . The chemical composition of the liquid smoke 
containing acids , especially acetic acid is a derivative of a compound of acetyl groups during 
pyrolysis ( Ratanapisit et al . 2009). The results of XRD analysis for charcoal cocoa rind Luwu 
district ( Figure 2 ) shows that the degree of kristanilitas of 22.83 % . XRD for natural pits with 
cellulose ( C6H12O6 ) , Xylan ( C10H12O9 , 2H2O ) or hemicellulose provide crystallographic data 
with the number of Bragg diffraction of 5.5712 ( Zhao et al . 2010] . This is supported by the 
results of XRD analysis for oil palm waste material for DS do not give a horizontal line , this is 
due to the amorphous form wherein crystalline forms approaching the bottom line. diffraction 
angle 38.5353 So to give a ratio of 2.71274 reticular distances N and H celcel . 

 
 

Figure 2. .Analysis result XRD for identification crystalinity degree 
         With charcoal cacao shell sawdust  DistrictLuwu 
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Results of FTIR analysis for charcoal powder cocoa shellLuwu district ( Figure3 ) 
shows that the wavenumber 1111.000 cm- 1 indicated dehydration and depolymerization of 
cellulose and hemicellulose content. Changes in aromatic peak at 1583.49 cm- 1 indicates the 
presence of CH , lignin . While the wave number 3473.80 cm - 1 indicates the presence of 
hydroxyl group absorption from 873.75 to 750.31 cm- 1 indicate the presence of C = CH ( 
aromatic H ) . While the wavenumber 381.21 cm - 1 indicates the presence of hydroxyl groups ( 
OH ) and uptake from 873.75 to 748.38 cm- 1 indicate the presence of C = CH ( aromatic H ) is 
supported by the results of this study ( Shanceset al . 2014 ) . that the FTIR analysis for waste 
fruits show 3298 , 3275 and 3292 cm - 1 shows the OH vibrations of alcohol and pectic acid . 
FTIR analysis is used to change the structure of the waste identification  fruits with chemical 
and biological treatment .. FTIR analysis for sugar cane Strawn suggests that the region 3500-
3400 cm- 1 and the presence of hydroxyl groups hdirogenbond . Between 2900-288 cm - 1 the 
presence of aliphatic CH ring . 1430 cm - 1 shows the deformation of CH2 groups ( Meloet al . 
2013) 
 

 
Figure .3Analysis result FT-IR  for charcoal  cacao shell sawdust . 

 

 
 

Figure4 .Analysis result SEM micrograph With cacao shell sawdust   
District Luwu 50x and 500x 

 
Table3 .Content nutrient element into cacao shell waste. 

Sampel pH C org N  P Ca Mg K C/N 
Cacao shell Luwu District 6,30 43,92 1,62 0,18 0,51 0,58 1,25 27,11 

Information : Analysis C c(%) with  Walkley & BlackMethode 
 N Total (%) with Kjedhal.Methode 
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  pH for saw dust and bark cocoa cocoa shell between6 .30 to 7.80. Element content of 
organic C b the saw dust largest cocoa District Luwu at 54.88, while the largest N Elements for 
skin cocoa shell Luwu district of 1.62, 0.18 Elements P, Ca elements and nutrients of 0.51Mg of 
Element K 0.68and1.25. C / N ratio for sawdust largest cocoa Luwu District 90.63, can be seen 
inTable3. 
CONCLUSION AND SUGGESTION 
 Based on the objectives and results of the research that has been done a few conclusions 
can be drawn as follows (1). Lignin contentin cocoa rind Luwu district 64.72%, (2). The results 
of XRD analysis for charcoal powder cocoa rind Luwu districts hows that 22.83% of 
kristanilitas degrees. (3). Production of acetic acid obtained from the pyrolysis of waste liquid 
smoke where cocoa shell Luwu. district to 73.86%. 
 
SUGGESTION. 
 Further research needs to be done for other raw materials, the temperature is relatively high 
and then eed fors eparation of compound so ther than the product of acetic acid and other 
compounds as potential anti-oxidant and anti-bacterial. 
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Abstract 

 
The purpose of this study was to investigate physicochemical properties of poly(є-
caprolactone) microparticle blends containing drugs with different solubilities 
(Propranolol HCl [Pro] and carbamazepine [CBZ]). Microparticle blends were 
formulated with W/O/W emulsion for Pro and O/W emulsion for CBZ. The Pro emulsion 
(W/O) and CBZ oil phase (O) were dispersed in an external aqueous phase (W), with 
dispersion time interval (DTI) of 0 and 60 min. Morphology of microparticle blends were 
characterized by scanning electron microscopy (SEM). Particle size mean of emulsion 
droplets/hardened microparticles were monitored by focused beam reflectance 
measurement (FBRM). Encapsulation efficiency (EE) and in vitro drug release in 
phosphate buffer (pH 7.4) were also investigated. The results showed that the resulting 
microparticle blends obtained by solvent evaporation method were spherical and having 
two populations. FBRM data showed that the size of microparticle blends prepared with 
DTI 60 min and stirring time 4 h was larger than those with DTI 0 min. The 
encapsulation efficiency were 62.05% to 66.38% for Pro and 70.56% to 73.85% for CBZ 
in microparticle blends. Drug release in phosphate buffer after 28 days showed that the 
Pro release (33%) was slower than CBZ release (60%) from microparticle blends with 
DTI 60 min. This phenomenon was attributed to the interaction of oil phase (CBZ) with 
hard particles from primary emulsion (Pro), whereby  the oil phase had blocked and 
coated pores on the surface of hard particle from primary emulsion.  
 
Key words:  microparticle blends, propranolol HCl, carbamazepine, poly(є-
caprolactone), FBRM, solvent evaporation method 

 
 

INTRODUCTION 
Microparticles are widely used in different applications such as the controlled release of 

drugs, cosmetics and chemical reagents. Several methods are potentially useful for the 
preparation of microparticles in the field of controlled drug delivery. One of the most common 
methods for preparing microparticles is the solvent evaporation method (Li et al., 2008). The 
control of the microparticle preparation processes is essential to produce a desired mean size of 
the microparticles, size distribution and morphology of the microparticles. The solubility 
properties of the drugs of the microparticles are important parameters when selecting the 
emulsion phases for a microparticles preparation process. A low solubility of the drugs in the 
continuous phase is required for obtaining a high yield. Microparticles can encapsulate many 
types of drugs including small molecules, proteins, and nucleic acids. Depending on the 
solubility of the drug, simple or multiple emulsion techniques like oil-in-water (O/W) or water-
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in-oil-in-water (W/O/W) methods are used (Yang et al., 2001). The microparticle preparation 
method is a governing factor in the encapsulation and release of drugs. In addition, a 
complicated array of factors including the type of polymer, the polymer molecular weight, the 
copolymer composition, the nature of any excipients added to the microparticle formulation 
(e.g., for stabilization of the drugs), porosity, and the microparticle size can have a strong impact 
on the delivery rates (Yang et al., 2001).  

Polymers have been used as a main tool to control the drug release rate from the 
formulations. Polymers can bind the particles of a solid dosage form. Pharmaceutical polymers 
are widely used to achieve taste masking; controlled release (e.g., extended, pulsatile, and 
targeted), enhanced stability, and improved bioavailability. Biodegradable and non 
biodegradable polymers with good biocompatibility are also used as drug carriers, such as 
polycaprolactone, PLGA and ethyl cellulose (degradable but non biodegradable).  

In most studies reported so far, only one drug was entrapped within controlled release 
microparticles at a time. Only few attempts have been made on the co-encapsulation of two 
drugs, especially if the latter exhibits significantly different solubility behavior. Pérez et al. 
(2003) have successfully incorporated the hydrophilic drug propranolol HCl and/or the 
lipophilic drug nifedipine separately as well as simultaneously within non-degradable, ammonio 
methacrylate copolymers(Eudragit RS:RL 4:1 blends) based microparticles. They were prepared 
with an oil-in-water (O/W) and a water-in-oil-in-water (W/O/W) solvent evaporation method. 
Whereas, Nippe and General (2012) have developed a combination of lipophilic steroidal drugs 
ethinyl estradiol and drospirenone poly(lactic-co-glycolic acid) (PLGA) microparticles.  

Microparticle blends containing two drugs with different solubility have not been 
reported yet. In the present study, the solvent evaporation method was used to incorporate a 
lipophilic and a hydrophilic drug within polycaprolactone based microparticle blends. The 
hydrophilic drug propranolol HCl and the lipophilic drug carbamazepine were used as model 
drugs. Accurate particle size analysis during solvent evaporation process is a key to study 
microparticle blends formation from oil-in-water (O/W) and water-in-oil-in-water (W/O/W) 
methods. For more information about micropaticle blends formation during solvent evaporation 
process, FBRM can be used to provide in situ/on-line particle characterization in a wide range 
of applications (Kail et al., 2009; Vay et al., 2012; Wu et al., 2011; Zidan et al., 2010). The great 
advantage of this technique is that data is acquired on-line and in real time to give particle size 
data and population trends of particles in suspension, emulsion etc. (Boxall et al., 2010; Wu et 
al., 2011; Zidan et al., 2010). 

The purpose of this study was to investigate effect of dispersion time interval (DTI) and 
formulation of second primary oil phase on poly(є-caprolactone) based microparticle blends 
contained drugs with different solubility (Propranolol HCl and carbamazepine) which prepared 
by solvent evaporation method. 
 
RESEARCH METHOD 
Materials 

All materials were of at least reagent grade and used as received: poly (ε-caprolactone) 
(Mw. 10000) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany); polyvinyl alcohol (PVA, 
Mowiol® 40–88, Kuraray Europe GmbH, Frankfurt, Germany); propranolol HCl, 
carbamazepine, sodium chloride, sodium hydroxide, potassium dihydrogen phosphate and 
dichloromethane (Carl Roth GmbH & Co. KG, Karlsruhe, Germany). 
 
Methods 
Preparation of Microparticle containing propranolol HCl or carbamazepine 

Drug loaded microparticles based on poly (ε-caprolactone) were prepared using an oil-
in-water (O/W) and a water-in-oil-in-water (W/O/W) solvent evaporation method. The drug 
loaded systems contained either one drug only (propranolol HCl or carbamazepine). For the 
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O/W method, 300 mg of poly (ε-caprolactone) were dissolved in 4 ml dichloromethane. 60 mg 
carbamazepine were dissolved within this organic phase. The organic phase was then emulsified 
into 800 ml aqueous PVA solution (0.25% w/v) containing 0.5 M NaCl and NaOH at pH 12. 
The emulsion was stirred for 4 h at 500 rpm with a propeller stirrer (Heidolph Elektro GmbH & 
Co. KG, Kelheim, Germany) to allow microparticle hardening.  

For the W/O/W method, 60 mg propranolol HCl were dissolved in 0.25 g purified 
deionized water.  Propranolol HCl aqueous solution was first emulsified by probe sonication 
(Sonoplus® HD 250, Bandelin Electronic GmbH & Co. KG, Berlin, Germany) for 30 s under 
ice-cooling into 4 ml dichloromethane containing 300 mg of poly (ε-caprolactone). This first 
emulsion (W/O) was then dispersed into 800 ml aqueous PVA solution (0.25% w/v) containing 
0.5 M NaCl and NaOH at pH 12. A W/O/W emulsion was formed by extensive stirring with a 
propeller stirrer for 4 h at 500 rpm to allow microparticle hardening. In all cases, after 4 h the 
microparticles were separated from the external aqueous phase by wet sieving (stainless steel 
test sieves ISO 3310 - 40, 70, 100 and 160 µm) followed by washing with 200 ml deionized 
water, desiccator-drying for 24 h and storage in a desiccator.  
 
Preparation of Microparticle blends containing propranolol HCl and carbamazepine 

The first primary emulsion containing propranolol HCl (W/O/W) and second primary 
oil phase containing carbamazepine (O/W).  For the W/O/W method, 60 mg propranolol HCl 
were dissolved in 0.25 g purified deionized water.  Propranolol HCl aqueous solution was first 
emulsified by probe sonication for 30 s under ice-cooling into 4 ml dichloromethane containing 
300 mg of poly (ε-caprolactone). This gave the first primary emulsion containing propranolol 
HCl. For the O/W method, 300 mg of poly (ε-caprolactone) were dissolved in 4 ml 
dichloromethane. 60 mg carbamazepine were then dissolved in this organic phase. This process 
produced the second primary oil phase containing carbamazepine. Following, the first primary 
emulsion containing propranolol HCl and the second primary oil phase containing 
carbamazepine were dispersed in an external aqueous phase (800 ml aqueous PVA solution 
[0.25% w/v] containing 0.5 M NaCl and NaOH at pH 12), with dispersion time intervals (DTI) 
of 0 and 60 min, and stirred for 4 h at 500 rpm with a propeller stirrer to allow microparticle 
hardening. The subsequent process steps were similar to the preparation of microparticle 
containing single drug process.  
 
Determination of the actual drug loading and encapsulation efficiency 

Microparticles (10 mg) were extracted in 1 ml methanol, followed by agitation in a 
horizontal shaker (IKA HS 501 digital horizontal Shaker, Janke & Kunkel GmbH & Co. KG 
IKA Labortechnik, Staufen, Germany) for 2 h (n = 3). 0.1 ml of methanol extract was diluted in 
10 ml of pH 7.4 phosphate buffer. The polymer was separated from aqueous solution by 
filtration using filter paper (Whatman®, GE Healthcare UK Limited, Buckinghamshire, UK). 
Propranolol HCl and/or carbamazepine concentration in the obtained aqueous solution was 
determined by UV-spectrophotometry at wavelengths of 289 nm and 285 nm, respectively (HP 
8453 UV-Vis spectrophotometer, Agilent Technologies Deutschland GmbH, Waldbronn, 
Germany). The actual drug loading and encapsulation efficiency were calculated as follows: 
Actual drug loading (%) = (drug mass in microparticles/mass of microparticles) x 100 % 
Encapsulation efficiency (%) = (actual drug loading/theoretical drug loading) x 100 %. 

For microparticle blends, the amounts of incorporated propranolol HCl and 
carbamazepine were determined UV-spectrophotometrically by simultaneously measuring at 
wavelengths of 227 and 285 nm. The subsequent process steps were similar to the above 
process. 
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Particle size analysis 
Particle size mean and size distribution of the microparticles were measured by focused 

beam reflectance measurement. FBRM probe (Lasentec® FBRM D600T, Mettler Toledo 
AutoChem, Inc., Redmond, WA, USA) was immersed and positioned in the emulsification 
vessel (WO/W and O/W emulsions mentioned above) to ensure good flow against the probe 
window and hence allowing a representative sample of the particle system to be measured. The 
measurement range of the FBRM D600T probe is 0.25 - 4000 μm. In these experiments, FBRM 
measurements were performed every 10 seconds, during a period of 4 h. All batches were 
measured in triplicate. The size information was extracted through the iC FBRM® 4.0 software 
(Mettler Toledo AutoChem, Inc., Redmond, WA, USA). 

 
Microparticle characterization 
Optical microscopy 

Microparticles were spread on microscope slides and observed with an optical light 
microscope (Axiotrop 50, Carl Zeiss AG, Jena, Germany) equipped with an image analysis 
system (INTEQ Informationstechnik GmbH, Berlin, Germany) consisting of a digital camera 
(type MC1) and the EasyMeasure® software (version 1.4.1). 
Scanning electron microscopy 

The external and internal morphology of microparticles was analysed by scanning 
electron microscopy (SEM). For surface imaging, the microparticles were fixed on a sample 
holder with double-sided tape. To investigate the inner structure, the particles were spread on 
transparent tape and then cut with a razor blade. All samples were coated under argon 
atmosphere with gold to a thickness of 8 nm in a high-vacuum (SCD 040, Bal-Tec GmbH, 
Witten, Germany). Samples were then analysed on the scanning electron microscope (S-4000, 
Hitachi High-Technologies Europe GmbH, Krefeld, Germany). 
 
In vitro drug release studies 

10 mg microparticles/microparticle blends (particle size: < 70 µm) were placed in 10 ml 
pH 7.4 phosphate buffer (USP XXIV) and shaken at 37 oC in a horizontal shaker (GFL 3033, 
Gesellschaft für Labortechnik GmbH, Burgwedel, Germany) at 75 rpm. At predetermined time 
points, 1 ml samples were withdrawn and replaced with 1 ml fresh medium each 7 days, filtered 
and analyzed. Propranolol HCl and/or carbamazepine concentration was detected UV 
spectrophotometrically at wavelengths of 289 nm and 285 nm, respectively (n = 3) (HP 8453 
UV-Vis spectrophotometer, Agilent Technologies Deutschland GmbH, Waldbronn, Germany).  
For microparticle blends, the concentration of propranolol HCl and carbamazepine were 
determined UV-spectrophotometrically by simultaneously measuring at wavelengths of 227 and 
285 nm (n = 3). 
 
RESULT AND DISCUSSION 
Morphology and particle size/distribution of microparticle blends 

The surface morphology of the microparticles was observed by scanning electron 
microscopy (SEM). The surface analysis of drug-loaded microparticle blends with different 
drug solubility prepared by the WO/W (Pro) and O/W (CBZ) reveal that the microparticles were 
spherical and not aggregated (Fig. 1) with a diameter range of 73 µm to 81 µm. Microparticle 
blends containing both, propranolol HCl and carbamazepine, prepared by the WO/W (Pro) and 
O/W (CBZ) methods with DTI 60 min appeared in two population of microparticles, smooth 
and rough surface (Fig. 1a). While microparticle which prepared with DTI 0 min produced 
microparticles with pores and smooth surface (Fig. 1b). Micropores were observed on the 
microparticles surface that it was propranolol HCl loaded poly (ε-caprolactone) microparticles. 
No pores were observed on the microparticles surface that it was carbamazepine loaded poly (ε-
caprolactone) microparticles. 
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                                      a                                                          b 
Fig. 1.  SEM pictures of poly (ε-caprolactone) microparticles blend with dispersion time 

interval of  (a) 60 min and (b) 0 min between Pro (W/O/W) and CBZ (O/W) 
 

The preparation conditions substantially affected the morphology and porosity of the 
microparticles. In W/O/W method, the microparticles revealed a porous inner structure caused 
by the inner aqueous phase. The aqueous droplets are precursors of pores and are the result of 
phase separation occurring in the organic phase during the hardening of the microparticles 
(Freiberg and Zhu, 2004). 

For microparticle blends contained different drugs with different solubility (propranolol 
HCl and carbamazepine), the size of microparticle blends prepared by W/O/W (propranolol 
HCl) and O/W (carbamazepine) methods (with DTI 60 min and stirring time 4 h) was larger 
than the microparticle blends (with DTI 0 min) and microparticles normal (Fig. 2). Based on 
FBRM data the addition of second primary oil phase contained poly (ε-caprolactone), 
carbamazepine and dichloromethane (with DTI 60 min) contributed in enhancement of particle 
size.  
 

 
Fig. 2. Particle size mean of poly (ε-caprolactone) based microparticle blends obtained by the 

FBRM method (before and after primary oil phase addition) during the solvent 
evaporation process (primary oil phase is added at time = 60 min) 

 
Entrapment efficiency within microparticle blends 

Encapsulation efficiency (EE) was about 62.05% to 66.38% for propranolol HCl and 
70.56% to 73.85% for carbamazepine in microparticle blends.  

The difference observed in the EE of the two drugs in the microparticle blends can be 
explained with the different solubilities of the drugs in the aqueous continuous phase used for 
the two encapsulation techniques. The high solubility of the propranolol HCl in the external 
aqueous phase and its high volume compared to that of the internal aqueous phase (W/O/W 
technique) caused the leakage of the drug into the continuous phase. However, after the 
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precipitation of the polymer, the propranolol HCl, due to its hydrophilic nature, still tends to 
diffuse through the polymeric matrix into the external aqueous phase. Beside that, the degree of 
ionization of the drug and the pH of the external aqueous phase are critical for the entrapment of 
ionizable drugs such as propranolol HCl (Pérez et al., 2003). Increasing the pH of the external 
phase above the pKa of the propranolol HCl results in a decrease of its solubility and, 
consequently, in an increase of its entrapment in the microparticles.  
 
Release of propranolol HCl and carbamazepine from microparticle blends 

Different release rate were observed for propranolol HCl and carbamazepine from 
poly(ε-caprolactone) microparticle blends in pH 7.4 phosphate buffer (Fig. 3). The propranolol 
HCl release from microparticle normal and microparticle blends (with DTI 0 min), were faster 
than carbamazepine release (Fig. 3). Whereas, propranolol HCl release (33%) was slower than 
carbamazepine release (60%) from poly(ε-caprolactone) microparticle blends (with DTI 60 min) 
(Fig. 3). Fig. 3 shows that the cumulative percent of propranolol HCl and carbamazepine 
released from each microparticle blends (the range of ADL Pro ≈ 9.32% to 9.86% and ADL 
CBZ ≈ 10.69% to 10.97%) at pH 7.4 after 28 days are in the range of 33% to 69% (propranolol 
HCl) and 41% to 60% (carbamazepine).  

In all cases, the resulting release rate(s) of the incorporated drug(s) was/were found to 
be controlled over periods of at least 28 days. Furthermore, the release of carbamazepine  was 
generally slower than that of propranolol HCl which can most probably be attributed to the 
much lower solubility of carbamazepine compared to propranolol HCl in the release medium 
(0.2 mg/ml vs. 250 mg/ml), resulting in lower concentration gradients, the driving forces for 
diffusion.  

         
                                      a                                                                 b 
Fig. 3.  Effects of dispersion time interval on propranolol HCl and carbamazepine release from 

polycaprolactone microparticle blends (phosphate buffer, pH 7.4, 37 oC, 75 rpm). [(a) 
Propranolol HCl and (b) Carbamazepine] 

 
The increase of carbamazepine release from microparticle blend with the W/O/W (Pro) 

and O/W (CBZ) (DTI 60 min) could be due to the incorporation of carbamazepine on surface of 
propranolol HCl loaded microparticle. This may have reduced propranolol HCl migration to the 
surface of the microparticles, and its leakage in the dissolution medium as compared to the 
microparticles prepared with W/O/W method where the propranolol HCl is either molecularly 
dispersed or amorphous in the matrix. In addition, the porous membrane observed in the case of 
the microparticles prepared with W/O/W method favoured a fast release of the hydrophilic 
propranolol HCl. The incomplete release of carbamazepine from microparticles may be the 
result of the hydrophobic nature of the drug and its very low water solubility.  

On the contrary, the release of propranolol HCl was significantly slowed down in the 
case of the microparticle blends (DTI 60 min) compared to that of the microparticles normal. 
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Only 33% of propranolol HCl was released from microparticle blends prepared by W/O/W (Pro) 
and O/W (CBZ) methods with DTI 60 min. It has to be emphasized that the propranolol HCl 
was inside of microparticle and carbamazepine was on outer surface of microparticle. Thus only 
the drug located close to the outer surface could be initially released.  The release of surface 
associated drug creates water-filled channels that allow subsequent diffusion of the drugs 
located inside the microparticles. A major mechanism for release of propranolol HCl and 
carbamazepine are diffusion through water-filled pores.  

 

              
                                   a                                                                  b 
Fig. 4.  SEM pictures of polycaprolactone microparticle blends with dispersion time interval of 

60 min between primary emulsion and primary oil phase (a. higher magnification and b. 
cross-section).  

 
Based on release data for each microparticle blends, it can be assumed  that there is 

interaction between first primary emulsion (propranolol HCl) and second primary oil phase 
(carbamazepine) during preparation process of  microparticle blends.  FBRM data about particle 
size mean before and after addition of second primary oil phase into single external aqueous 
phase (Fig. 2) and surface morphology of  microparticles blend (Fig. 4a) have indicated it. In 
addition, cross section of the microparticles revealed a porous inner structure and absence of 
pores (Fig. 4b). For microparticle blends which were prepared with DTI 60 min the internal 
structure appeared reducing in the number of pores and size of pores (Fig. 4b). This 
phenomenon might be attributable to the interaction of second primary oil phase (CBZ) with 
hard particles from first primary emulsion (Pro), whereby  the second primary oil phase (CBZ) 
had blocked and coated pores on the surface of hard particle from first primary emulsion. This 
hypothesa supported by optical microscopy pictures. It indicates that the emulsification stage 
first W/O/W (Pro) and second (CBZ/dye) resulting in two kind of microparticle blends (Fig. 5). 
This picture showed microparticle with black plaque on the surface and black microparticles. 

 

 
Fig. 5.  Optical microscopy pictures of polycaprolactone microparticle blends with dispersion 

time interval of 60 min. [Microparticles containing dye (black)]  
 
CONCLUSION AND SUGGESTION 

The novel microparticle blends containing drugs of different solubility (e.g. propranolol 
HCl and carbamazepine) offer a high potential for controlled release drug delivery systems. For  
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microparticle blends (with DTI 60 min) containing drugs of different solubility gave propranolol 
HCl release was slower than carbamazepine release. FBRM studies showed that particle size of 
microparticle from first primary emulsion (Pro) was smaller than particle size of microparticle 
after addition second primary oil phase (CBZ) (with DTI 60 min). It was caused second primary 
oil phase (CBZ) interacted with microparticles from first primary emulsion (Pro). Optical and 
scanning electron microscopy revealed that microparticle blends (DTI 60 min) were spherical 
and had two populations.  These microparticle blends consisted of microparticles with smooth 
and rough surface. This phenomenon might be attributable to the interaction of second primary 
oil phase with hard particles from first primary emulsion, whereby  the second primary oil phase 
had blocked and coated pores on the surface of hard particle from first primary emulsion. Type 
of dispersion time interval of microparticle blends influenced the physical properties of the 
microparticle blends. 
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Abstract 

 
Typhoid fever is a disease affect many people in developing countries including 
Indonesia. Prevention can be aided by vaccination to the bacteria; however it still needs 
further research. This research is aimed to determine the immunogenicity of fim-C native 
protein Salmonella typhi in vivo as a vaccine candidate in ddY mice. Experimental 
method is used in this research. This research used antigen of pure fim-C native 
recombinant protein from its previous research. The ddY mice are categorized into five 
groups, namely experiment group 1 (protein Fim-C+Freund's Complete/Incomplete 
Adjuvant), experiment group 2 (protein Fim-C S. typhi), control group 1 (FCA/FIA 
adjuvants), control group 2 (PBS1x), and normal group (PBS1x). The results showed that 
the ddY mice produced antibody response after subcutaneous injection of the Fim-C S. 
typhi native protein +adjuvant or without adjuvant. The antibody responses with Fim-C S. 
typhi native protein as antigen+adjuvant gave higher absorbans than the Fim-C antigen 
without adjuvant. It is also showed that the antibody titer from the first to fourth injection 
has gradually increased. These data showed that Fim-C S. Typhi native protein had higher 
immunogenicity. It is concluded that the Fim-C S. typhi native protein can be used as a 
potential recombinant vaccine candidate against typhoid fever. 
 
Key words: Salmonella typhi, Typphoi Disease, Fim-C Salmonella typhi native Protein 
Antibody, Recombinant vaccine 
 

 
INTRODUCTION 
 
Typhoid fever is one of diseases suffered by most people in developing countries, including 
Indonesia. Typhoid fever is suffered ranging from children to adults. Typhoid fever is easily 
transmitted to human through food and drink contaminated by Salmonella typhi bacteria in the 
poor standards of environment hygiene. Typhoid fever happens in Indonesia with an average of 
900,000 cases per year. The mortality rate is more than 20,000 cases or 91% of all cases ranging 
in the age of 3-19 years old. The mortality rate increases in every year [Crump and Mintz, 2010; 
Verry, 2011]. Thus serious action to prevent and overcome typhoid fever in Indonesia is highly 
needed. 
 
Salmonella typhi bacteria has Fim-C protein, called  fimbriae. Fim-C protein, a kind of protein 
on the surface of bacteria cell, acts as important mediators used for interaction or adharence 
against host cell [Burrows, 2005; Muktiningsih et al, 2009]. Proteins on the surface of bacteria 
cell as Fim-C can be used as an antigen; it also induces immune response well [Verma et al.,  
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2009; Toobak et al., 2013; Yang et al., 2013; Moreno et al., 2013]. It is presumed that Fim-C 
proteins on Salmonella typhi can be potentially used as recombinant vaccine for typhoid fever 
prevention. Due to its higher level of safety, recombinant vaccine is chosen to be further 
developed rather than conventional non recombinant vaccine that uses attenuated virus. 
 
In the prior research, researchers team from UNJ has succeeded in Fim-C Salmonella typhi gene 
cloning and sub-cloning on the cloning and expression vectors and its protein purification in 
both native form and inclusion bodies [Anggraeni R et al, 2012; Pratiwi E et al. 2013; 
Muktiningsih et al, 2013].  This research is aimed to determine the activity of Fim-C S. typhi 
recombinant protein in its native form as an antigen in mice ddY through immune response 
analysis. This information is very important in the development of the potential recombinant 
Fim-C S. typhi protein as candidate for recombinant vaccine to prevent typhoid fever in human. 
 
RESEARCH METHOD 
 
A. Production of anti Fim-C S. typhi antibodies 
 
Production of anti Fim-C Salmonella typhi native antibodies consisted of preparation stage for 
mice ddY as animal test, preparation stage for Fim-C S. typhi Native recombinant protein as 
antigene, immunization and antibodies production, and mice serum/anti-FimC S. typhi 
antibodies isolation [Harlow and Lane, 1988; Deutsher, 1990; Noer, et al., 1992; Jennings, 
1995].  
 
A.1. Preparation stage for mice ddY as animal test 
 
Production of anti Fim-C antibodies was conducted in LABTIAP (Agricultural Industry 
Technology Development and Biomedical Laboratory) BPPT-Serpong. The production of anti-
Fim C S. typhi Native antibodies performed on 40 male mice ddY strains, age of 5-6 weeks and 
weigh of 17-24 grams.  Mice were obtained from PT Biofarma Bandung. Mice were maintained 
in cages placed in the treatment room with temperature condition of 20-240C and 20-70% 
humidity. Treatment room was made sound-proof and impermeable to keep the air pressure 
lower than the surrounding so the odor will not come out. Every testing was conducted in 
different room. 4-8 mice are placed in individual cages of polycarbonate (with stainless steel 
cover) with size of 41,5x27x15 cm3 each. The individual cages were arranged in 3 level 
stainless steel racks. During the conditioning process, mice were weighed on day 0, day 3 and 
day 5. Cage, food, health, and activity checks were also done regularly. The conditioning 
process is as long as a week. 
 
Mice were grouped into three major groups, namely the experiment group (KP), the sick control 
group (KS) and the normal control group (KN). Experimental group had two sub groups; group 
immunized by mixture of Fim-C native protein and Frued complete/Incomplete adjuvant 
(FCA/FIA) which consists of 8 mice (KP-1) and group immunized by Fim-C native protein 
which consists of 8 mice (KP2). The sick control had two sub groups; group immunized by 
FCA/FIA which consists of 8 mice  (KS-1) and group immunized by Phosphate Buffer Saline 
(PBS 1x) which consists of 8 mice (KS-2).  The normal control group  (KN) immunized by 
Phosphate Buffer Saline (PBS 1x) consists of 4 mice.  In the challenge test, only experiment 
group (KP) and sick control group (KS) were infected by S. typhi bacteria. The normal control 
group (KN) was not be infected by S. typhi bacteria. After the conditioning process, the 
researcher took blood from mice’s eyes as much as 1-2 mL as pre immune serum. A day prior to 
collect pre-immune serum, mice were conditioned to food-fasting. 
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A.2. Preparation stage for Fim-C S. typhi Native recombinant protein as antigene 
 
As many as 25-100 µg Fim-C S. typhi native protein from previous results was disolved witth 
PBS 1x bufer in  Eppendorf 1,5 mL tube to have a total volume of 100-250 µL. Freund’s 
complete adjuvant (FCA) or Freund’s incomplete adjuvant (FIA) were added with ratio 1:1. 
Then performed homogenized mix using vortexs until the mix turned white [Harlow and Lane, 
1988; Jenings, 1995]. 
A.3. Immunization and Antibodies Production 
 
Immunization was carried out on the backs of mice in the front section near head 
subcutaneously as much as 2-3 points for one-time injection. On the first immunization 20 µg 
Fim C S. typhi native protein that has been prepared as an antigen was mixed with Freund’s 
complete Adjuvant. One week after the first injection researchers took blood sample from mice’s 
eyes to prepare the serum. One week after the first injection researchers conducted boosting 
with 40 g Fim-C mixed with Freund’s incomplete Adjuvant. The second and third boosting were 
conducted with the 80 g Fim-C after one week of the second and the third  injections to obtain 
the optimal antibody amount [Harlow and Lane, 1988; Noer, 1992]. 
A.4. Mice serum/anti-FimC S. typhi antibodies isolation 
 
Blood sample from mice’s eyes was collected on tubes of centrifuges sterile. Blood sample was 
incubated at temperature of 370C for 30-60 minutes to a visible separation between serum and 
platelets. Centrifugation was carried out for 10 minutes with the speed of 5000 g at a 4 oC. Clear 
liquid/serum was taken out and kept in Eppendorf. Then the serum was stored in –200C [Harlow 
and Lane, 1988]. 

 
B. Characterization of anti Fim-C S. typhi  Native antibodies by ELISA 
 
Antibodies used in the formation analysis of anti-FimC S. typhi antibodies was mice serum from 
Bleed I-Bleed IV. Formation analysis of anti-Fim-C protein S. typhi antibodies from day 0 (pre-
immune serum) until the 6 weeks was obtained by Enzyme Link Immunosorbant Assay (ELISA).  

 
Antigen (30–300 ng Fim-C S. typhi native protein in50 µL fosfat bufer, 1x PBS) was incubated 
in microtiter plate wells (IWAKI) in room temperature overnight. Every well was washed 3 
times each with 1x PBS  containing 1 mM MgCl2 and 0,05% (v/v) Tween-20 (wash buffer). 
After they were washed, researchers added into 150 µL 5% blotto (5 g skim milk in 100 mL 1x 
PBS) in every well. And then the microtiter plate was incubated at 370C for 1 hour. After the 
incubation wells were washed as much as 3 times with wash buffer. As many as 50 µL mice 
serum (from bleed I/pre-immune serum) - bleed V (fifth weeks), by  100x and 300x dilution 
were added into each well with prepared ELISA design,and then put them into incubation at  
370C for one hour. The microtiter plate wells were washed with wash buffer 3 times. After 
washing process, 50 µL secondary antibodies was added into each well (anti IgG-mice-HRP 
dilution 1: 5000 with  1x PBS) [Thermo Scientific Biogen, 2013], and incubated in 370C for 1 
hour. After the incubation, the microtiter plate wells were washed with wash buffer 3 times. As 
much as100 µL substrate TMB (3,3’,5,5’-Tetramethylbenzidine) solution was added into each 
well and incubated at 370C for 30 minutes (produced blue color). After the  incubation, the 
reaction was stopped by adding 50 µL H2SO4 2M (produced yellow color). Next, the absorbance 
reading was conducted using ELISA-Reader (Microplate Reader) at wavelength 450 nm [Noer, 
1992; Deutsher, 1990; Muktiningsih, 2005; Thermo Scientific, Biogen, 2013]. After the 
formation of antibodies were known to the maximum researchers collected serum in large 
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amount or bleeding terminal as much as 5-10 mL of blood. 
 

RESULT AND DISCUSSION 
 
A.Production of  anti-Fim-C S. typhi native Antibodies 
 
The results of animal conditioning process and pre-immune serum collection process 
 
Health, weight, diet, and physical condition checks and observation during the conditioning 
process showed good result. This was demonstrated by the increase in weight on average  3-5 
gram/mice. The observed physical condition of feathers and motion also showed patterns of 
activity that corresponds to standard conditions. The conditioning place and picture of test 
animals are presented in figure 1.  

 
 
 
 
 
 
 
 
 

 
 
 
Figure 1.  The conditioning place and picture of test animals. Mice are grouped into 5 cages. 

Every cages containing 8 mice for the experimental groups (KP) and the sick 
control group (KS) and containing 4 mice for normal group (KN).  

 
The retrieval results of pre-immune serum from sinus orbitalis eyes produced 0,5-1 mL 
blood/mice and it was 0,2-0,5 mL serum of the total blood samples. Serums were stored in 
frezer with temperture -20oC for further purposes. The pupose of taking pre-immune serum is as 
a negative control to the formation of anti Fim-C antibodies. This is aimed to ensure that there is 
no interaction occurs between Fim-C protein as antigene with mice antibodies before 
imunization.  
 
The production results of anti-FimC S. typhi antibodies 
 
Production of anti-FimC S. typhi native antibodies in experimental and control groups was 
performed in 6 weeks. The process consisted of  the first imunization with 20 µg Fim C S. typhi 
native protein, boosting-1 with 40 µg Fim-C S. typhi native protein. Boosting-2 and boosting-3 
were conducted by using 80 µg Fim-C S. typhi native protein. Each step gave a total amount 
serum 0,2-0,5 mL. After ELISA data was obtained with highest absorbance values, in the sixth 
week researchers collected blood samples of 4 mice from experimental groups  by the 
maximum as much as 5-10 mL. The blood was prepared to serum containing anti-Fim C S. typhi 
antibodies as many as 2-4 mL/mice. 
 
B. Characterization of  anti Fim-C S. typhi native antibodies by ELISA 
 
The formation analysis of antibodies used as a primer was taken from mice serum of Bleed I-
Bleed IV. ELISA analysis was performed on 4 mice from each group,that are: experimental 
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group I (immunized by Fim-C S. typhi native Protein mixed with Freud complete/incomplete 
adjuvant-KP-1), experimental group 2 (immunized by Fim-C S. typhi native Protein without 
adjuvant-KP2), control group-1 (immunized by Freud complete/ incomplete adjuvant, KS1), 
control group-2 (immunized by 1x PBS buffer, KS-2), and normal group (immunized by 1x 
PBS buffer, KN). The result of development of antibodies formation from 4 mice ddY from 
each group are presented in table 1. While the analysis results of development formation of anti-
Fim C S. typhi antibodies is presented in figure 2 and figure 3.   
 
Table 1.  The data values of  absorbance on development anti Fim-C S. typhi native antibodies 

at experimental group (KP) and  the sick control group (KS) at antigene concentration 
100 ng and 300 ng 

 

bleed to- 
Experimental 

Group- 1 (KP1) 
Experimental  

Group- 2 (KP2) 
The Sick Control 
Group-1 (KS1) 

The Sick Control 
Group-2 (KS2) 

100 ng 300 ng 100 ng 300 ng 100 ng 300 ng 100 ng 300 ng 

bleed -0 0,0285 0,04 0,01125 0,00975 0,048333 0,009333 0,01 0,01 

bleed -1 0,0055 0,01825 0,00275 0,008 0,027333 0,009667 0,0165 0,0165 

bleed -2 0,19675 0,23275 0,04125 0,09575 0,029 0,037 0,0365 0,0365 

bleed -3 0,2715 0,44175 0,19 0,2225 0,042667 0,037667 0,0335 0,0335 

bleed -4 0,27925 0,5175 0,1805 0,20275 0,04 0,043 0,047 0,047 

        
 
Based on the results of analysis on the development of formation anti-Fim C S. typhi antibodies 
by ELISA shown in Table 1 that Fim-C S. typhi native protein with or whithout adjuvants give 
satisfied immune response. This is shown by an increase absorbance values from  Bleed 0-Bleed 
4. The increase of color intensity or absorbance values showed increase in the amount of 
antibody titer that interacted with  Fim-C S.typhi antigene. The blue color was from the 
oxidation TMB substrate (3,3’,5,5’-Tetramethylbenzidine) to 3,3',5,5'-tetramethylbenzidine 
diimine by  Horse Redish Peroksidase enzyme which  bounded to secondary antibodies.  Color 
formation reaction was stopped by adding 50 µL H2SO4 and resulted yellow color and measured 
at wavelenghts 450 nm [Thermo scientific Biogen, 2013] 
 
Data presented in table 1 or figure 2 and figure 3 give information that induction by protein 
Fim-C S. typhi Native +Adjuvant FCA/FIA as antigene produced higher antibodies than by 
protein Fim-C S. typhi Native+ PBS 1x. This is in accordance with the literature review stated 
that the Frued complete/incomplete adjuvant (FCA/FIA) can enhance the formation of immune 
response [Harlow and Lane, 1988; Fiorino et al, 2012; Moreno et al., 2013]. These results also 
provide information on specific characters of Fim-C S. typhi native protein that if recombinant 
protein mixed with adjuvants the resulting immune response will be higher than without 
adjuvants.  The information is also essential that Fim-C S. typhi native protein without adjuvant 
can also provide a good immune response.  
 
This information is very important as the scientific foundation to conclude that the withdrawal 
of recombinant protein molecule of Fim-C S. typhi native is candidate vaccine recombinant. The 
results of literature analysis stated that the recombinant vaccine has many advantages. It (1) has 
higher safety for patients  (2) has higher purity (3) generates more spesific immune response (4) 
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can be produce in large quantities (5) is easy in production and storage, and some of other 
advantages [Harlow and Lane, 1988; Fiorino et al, 2012]. 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Graphic analysis of the formation of anti Fim-C S. typhi native antibodies in 

the experimental and the control group. (A) graphic of formation of antibodies 
in experimental group-1 (KP-1). (B) graphic of formation of antibodies in 
experimental group-2 (KP2), (C) graphic of control group-1 (KS1), (D) graphic of 
control group-2 (KS2). The x-axis showed the development of immunization from 
each bleed 0-4. The y-axis shows the value of absorbance reading of ELISA 
reader.  Blue and red colored diagram shows the amount of  protein FimC S. typhi 
recombinant 100 ng dan 300 ng as antigenes. 
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Figure 3.  The graphic result of immunogenicity test on  antigens Fim-C S. typhi Native 

protein.  The blue line shows the value of absorbance for a group of mice 
immunized by Fim-C S. typhi native+Adjuvant FCA/FIA as antigens. The red line 
shows the value of absorbance for a group of mice immunized by Fim-C S. typhi 
native+1x PBS as antigens. The green line shows the value of absorbance for a 
group of mice immunized by Adjuvant FCA/FIA+1x PBS as antigens.  The green 
line shows the value of absorbance for a group of mice immunized by Adjuvant 
FCA/FIA+1x PBS as antigens. The violet  line shows the value of absorbance for a 
group of mice immunized by 1x PBS as antigens. Condition of ELISA performed 
on serum dilutiom 100x and secondary antibodies  dilution 5000x. 

 
CONCLUSION AND SUGGESTION 

 
Fim-C S, typhi Protein in native form has ben succesfully used as an antigen specific in 
production of anti Fim-C S. typhi antibodies in vivo in mice ddY. The generated formation of 
immune response is indicated by the color change of substrate after interaction between Fim-C 
S. typhi antigen with anti Fim-C S. typhi antibodies. From Bleed 1-Bleed IV, the establishment 
of spesific anti Fim-C S. typhi antibodies with Fim-C + adjuvant FCA/FIA as antigene gives 
higher immune response than without  adjuvants. The result also provides information that Fim-
C S. typhi Typhi protein has good nature of imunogenicity because it is able to make higher 
response immune without the addition of adjuvant and adjuvant  FCA/FIA. So that it can be 
inferred that Fim-C S. typhi native Protein can be used as vaccine candidates. 
 
Significant supporting data about vaccine’s standardized test and clinical trials for human are 
still needed to make recombinant protein molecules of Fim-C S. typhi native serve as a safe and 
inexpensive molecular vaccine.  The information generated in this study could be made of the 
scientific basis for the further development of recombinant vaccines for typhoid fever in 
humans, especially in Indonesia. 
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Abstract 

 
 This study proposed multifunctional alkoxyamine 2-({tert-butyl [[1-
(diethoxyphosphoryl)-2,2-dimethylpropyl]amino}oxy)-2-methylpropanoic acid 
(MAMA-SG1) initiators for the ‘grafting-from’ method to obtain star architecture of 
poly 4-vinylpyridine (P4VP) from JEFFAMINE®. The structure of macroinitiator 
was confirmed by amide bond present in NMR and FTIR spectroscopy. 
Furthermore, the macroinitiator was used to polymerise 4VP. P4VP from 
JEFFAMINE-SG1 shows a monomodal peak in the SEC chromatogram, indicating 
more control polymerisation process. 

 
Key words: Nitroxide Mediated Polymerisation, 4-vinylpyridine, star polymer 

 
 
INTRODUCTION 
 
Nitroxide-mediated polymerisation (NMP) is a powerful tool for the synthesis of 
macromolecular architectures.[i,ii] NMP is well-documented for the design of new initiators [iii], 
kinetic investigation [iv,v] and preparation of new materials [vi]. Block [vii,viii] and graft [ix] 
copolymer as well as star shaped polymers [x-xiii] prepared from NMP indeed show good 
structural control producing polymers with narrow molar mass distribution at high conversion. 
The synthetic approaches to star polymers are classified by two methods which are “arm-first” 
methods and “core-first” methods. The “arm-first” method involves living macromonomers or 
macroinitiators which link together in the core with vinylic cross linker such as divinylbenzene 
(DVB).[xiv] On the other hand, the “core-first” methods employs multifunctional initiators that 
simultaneously initiate the polymerisation of monomers to form the arms of the star polymer.[x] 
 
MAMA-SG1 is an alkoxyamine with high potential nitroxide because it has a high dissociation 
rate constant and a terminal carboxylic acid group. This functional group allows further 
modification or transformation processes to open new possibilities for complex molecules that 
are not accessible with TEMPO nitroxide.[xv] In 2008, Vinas et al. reported the preparation of 
MAMA-SG1 bearing a N-succinimidyl ester group (1) (Scheme 1).[xvi] This alkoxyamine 
initiator can be attached to OH- and NH2- functional groups, the later used as macroinitiator for 
block copolymer preparation.[xvi,xvii] Silica nanoparticles were also grafted with activated 
MAMA-SG1 (1) to polymerise styrene from the surface.[xviii] 
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Scheme 1: Synthetic route to activated MAMA-SG1 with NHS.[xvi] 

 
Star polymers with MAMA-SG1 was explored by Dufils and his co-workers by intermolecular 
radical addition of alkoxyamine onto olefins.[xix] They synthesised 3- and 4-arms initiators and 
star polystyrene from this reaction was controllable with dispersity not exceeding 2. Meanwhile, 
Robin et al. synthesised trifunctional alkoxyamine SG1 with 1,3.5-tris(2-hydroxyethyl)-1,3,5-
triazine-2,4,6(1H,3H,5H)-tri-one.[xx] Well-defined star polymers of n-butyl acrylate (nBuA), 
styrene (S) and block copolymers poly(BuA-b-PS) were reported as products from this 
trialkoxyamine initiator. 
 
In this study, we introduce star macroinitiator with SG1 end functionality using polyetheramine 
JEFFAMINE® T-403 grafted with NHS activated MAMA-SG1. Then, P4VP was prepared by 
core first method. The chemical structure were characterised with FTIR and 1H NMR. 
 
RESEARCH METHOD 
 
Materials 
 
All solvents employed were HPLC grade or better and used directly as received unless 
otherwise stated. Methyl methacrylate, MMA (Aldrich, 99%) and 4-vinylpyridine, 4VP 
(Aldrich, 95%) were distilled from calcium hydrate before used. 2-({tert-butyl [[1-
(diethoxyphosphoryl)-2,2-dimetylpropyl]amino}oxy)-2-methylpropanoic acid (MAMA-SG1) 
and JEFFAMINE® T-403 were kindly gifted of TU/e, Eindhoven and HUNSTMAN, UK 
respectively. PPI (polypropylene imine) dendrimers, generations 2, were purchased from 
SyMO-Chem BV (The Netherlands). 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium 
hexafluorophosphate (HBTU) and N,N-Diisopropylethylamine (DIPEA) were purchased from 
Sigma-Aldrich. 
 
Synthesis of activated alkoxyamine, 2-methyl-2-[N-tert-butyl-N-(1-diethoxyphosphoryl-
2,2-dimethylpropyl) aminoxy]-N-propionyloxysuccinimide (MAMA-NHS (1)) 
 
This compound was synthesised following a literature procedure.[xvi] MAMA-SG1 (0.5 g, 1.31 
mmol) and N-hydroxysuccinimide (NHS) (0.18 g, 1.57 mmol) were dissolved in 2 mL THF and 
deoxygenated by nitrogen bubbling for 15 minutes. Then, a degassed solution of 0.3 g N,N’-
dicyclohexylcarbodiimide (DCC) in 0.5 mL THF was added. After stirring at 0 °C for 1.5 hours, 
the precipitated N,N’-dicyclohexylurea (DCU) was removed by filtration and washed with a 
minimum of cool THF. The filtrate volume was reduced under vacuum to one third and kept at  
-20 °C for 2 hours in order to precipitate the residual DCU. After filtration, the precipitation was 
performed in pentane. The obtained solid was further washed with water to remove NHS and 
dried under vacuum. The alkoxyamine was obtained as a white powder. 1H NMR (400 MHz, 
CDCl3) (ppm): 1.17–1.33 (m, 24H), 1.82 (s, 3H), 1.88 (s, 3H), 2.82 (s, 4H), 3.31 (d, 1H), 3.95–
4.35 (m, 4H). Mixture with DCU 2.00-1.15 (m, 8H).  31P NMR (400 MHz, CDCl3) (ppm): 
24.89. Yield: 200mg (0.40 mmol).  
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Synthesis of P4VP from JEFFAMINE functionalise MAMA-SG1 
 
Activated alkoxyamine (1) (24 mg, 0.05 mmol) and JEFFAMINE® T-403 (20 mg, 0.045 mmol) 
were added to a Schenk flask and degassed for 15 minutes by nitrogen bubbling. Then, degassed 
0.05 mmol DCC in 2 mL DMF was added and stirred at room temperature for 3 days. The 
precipitated DCU was removed by filtration. Then, the filtrate solution was precipitated in 
pentane and dried in vacuum oven overnight. The end product was obtained as a yellow sticky 
material, grafted JEFFAMINE [2]. 1H NMR (400 MHz, CDCl3) (ppm): 0.85 (s, CH3-CH2- from 
JEFFAMINE), 1.01-1.36 (m, -CH3 from MAMA-SG1), 1.57-1.86 (m, CH3-C-C(O)), 2.61 (m, -
N-CH-P from MAMA-SG1), 3.3-4.12 (m, -CH2- from JEFFAMINE and MAMA-SG1), 8.14 (s, 
NH(CO)) .  
 
Grafted JEFFAMINE (2) (30 mg; 0.02 mmol) and 4VP (1.21 g, 11.5 mmol) was added to a 
Schlenk flask and immersed in a pre-heated oil bath at 110°C for 24 hours. The reaction was 
quenched by cooling the mixture in an ice-water bath and the polymer was precipitated in 
diethyl ether, followed to dry in a vacuum oven overnight. Solid white polymer was obtained. 
Yield: 500 mg; Mn: 119000 g/mol; PDI: 1.4 
 
Methods 
 
1H NMR analyses were performed in CDCl3 solution, at 25°C using a Bruker Avance 400 (400 
MHz) spectrometer. The chemical shift was calibrated using the solvent peak (δ = 7.26 ppm). 
The Fourier Transform InfraRed (FTIR) spectroscopy was carried out in the solid state on a 
Perkin Elmer Spectrum 100. GPC analysis using DMF (0.1 M LiBr) as eluent (elution rate: 1 
min/mL) was performed using two PSS GRAM analytical (300 and 100 Å, 10 l) columns on an 
Agilent 1200 series equipped with a Wyatt Optilab rEX refractive index detector thermostat at 
40 °C and a Wyatt DAWN HELEOS-II multi angle light scattering (MALS) detector. Molecular 
weights and PDI were calculated from the MALS signal using the ASTRA software (Wyatt) and 
a dn/dc value of 0.225 mL/g (P4VP) [xxi] in DMF. Before analysis, samples were filtered 
through a 0.45 µm PTFE filter (13 mm, PP housing, Whatman).  
 
 
RESULT AND DISCUSSION 
 
The synthesis of sP(4VP)3 was carried out according to Scheme 2. It involves (1) 
functionalisation of MAMA-SG1 with NHS, (2) Grafting the activated alkoxyamine (MAMA-
NHS) to JEFFAMINE® and (3) polymerisation. 
 
For MAMA-NHS (1), the reaction of MAMA-SG1 with NHS in the present of N,N’-
dicyclohexylcarbodiimide (DCC) was carried out at 0 °C in THF for 1.5 hours. Then, the 
product was precipitated in pentane as a white powder. The carbonyl band in FTIR spectra 
shifted from the free acid MAMA-SG1 at 1718 cm-1 to the NHS ester 1741    cm-1. The 
succinimidyl C=O group appears at 1816 and 1781 cm-1 (Figure 1a). The FTIR spectrum in 
Figure 1b shows the new band at 1625 and 1572 cm-1 assigned to the amide bond (-CONH-) i.e. 
the C=O stretching and N-H bending vibration band. 
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Scheme 2: Schematic route of star poly 4-vinylpyridine with JEFFAMINE® 
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Figure 1: FTIR spectrum of (a) activated alkoxyamine, MAMA-NHS); (b) JEFFAMINE® 
functionalise SG-1; (c) star polymer 4-vinylpyridine, sP(4VP)3  
In addition, 1H NMR confirmed the structure of MAMA-NHS with the peaks of the methyl (b, 
c, e, g), methylene (3.95-4.35 ppm) and –CH (3.31 ppm) from MAMA-SG1 as well as the 
methylene of the succinimidyl ester appearing at 2.82 ppm (Figure 2a). Then, the activated 
alkoxyamine was grafted to JEFFAMINE® at room temperature in DMF to form star initiator 
(2) as a yellow sticky material. The 1H NMR spectrum shows characteristic peaks of both the 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-123 

JEFFAMINE® bands (0.85 ppm for free –CH3, 3.20 – 4.20 ppm for CH and CH2) and the SG-1 
(b, i, k, m for -CH3 groups). Moreover, the amide linker can be identified in the spectrum at 
8.14 ppm (Figure 2b). 
 

 

 
Figure 2: 1H NMR of activated alkoxyamine MAMA-NHS (a) and JEFFAMINE® functionalised 

with NHS-alkoxyamine (b). 
 
 
P4VP with the functionalised JEFFAMINE®-SG1 macroinitiator (2) was synthesised at 110 °C 
yielding white polymer product at 98% conversion. Figure 1c shows the position of the amide 
bond in sP(4VP)3 shifted from 1625 to 1666 cm-1 with the presence of P4VP bands at 1597, 
1557 and 1451 cm-1. A molecular weight of 170000 g/mol, Mw, measured by SEC equipped 
with a MALS detector was obtained compare to the Mn theoretical of 106000 g/mol (Figure 3). 
The SEC chromatogram shows a monomodal peak with a dispersity of 1.4. Termination reaction 
are never inhibit during NMP leading to disproportionation and combination reactions between 
radicals. According to Vinas et al., the dissociation rate constant (kd1) of C-ON bond homolysis 
in (1) is 5 s-1 (Ea = 103 kJ mol-1) which is 15 times higher than MAMA-SG1 (kd1 = 0.32s-1. Ea = 
112 kJ mol-1).[xvi,xxii]  The higher kd1 value can be ascribe to a long-range polar effect of NHS 
moiety in the activated MAMA-NHS. Besides that, we also observed a broad tailing at the low 

(a) 

(b) 
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molar mass side of the chromatogram probably due to autopolymerisation of 4VP at high 
temperature. Baumann and Schmidt observed that the rate of autopolymerisation of 4VP is in 
order 11%/h at 125 °C.[xxiii]  A summary of the experiment is provided in Error! Not a valid 
bookmark self-reference.. 
 

 
Figure 3: SEC traces (RI signals) of P(4VP)3 with JEFFAMINE® star initiator at a ratio 
[M]0/[I]0=370 
 
Table Error! No text of specified style in document..1: Experimental results of star 
polymerisation of 4-vinylpyridine 
Entry time, 

min 
Conversion a 
(%) 

Mn theo 
b 

g/mol 
Mn GPC 

c 

g/mol 
Mw MALLS 

c 

g/mol 
D c 

sP(4VP)3 
d 300 98 106000 119000 170000 1.4 

a Conversion calculated by 1H NMR through integration of CH2 peaks of 4VP (5.94 and 5.46 
ppm) and P4VP (2.10-1.41 ppm). b Mn theo calculated by 1H NMR, Mn= (molar fraction x 
[M]0/[I]0 x Mw monomer) + Mw macroinitiator. c Measured by DMF GPC with multi angle light 
scattering detector (MALS). d Experimental condition: [I]0/[4VP] 0 = 1/370 per arms.  
 
 
CONCLUSION AND SUGGESTION 
 
Multifunctional initiators as the core molecules was synthesised from JEFFAMINE® to obtain 
3- arms for the polymerisation of 4VP. This structure of the alkoxyamines was confirmed 
spectroscopically. s(P4VP)3 was synthesised from the macroinitiator with high molecular weight 
(~105 g/mol). However, low molecular weight products were obtained in the polymerisation 
either due to autopolymerisation or termination reactions at the early stage of the 
polymerisation. Further investigation to control the rate of polymerisation and to synthesise 
well-defined polymer will be necessary to optimise this procedure. 
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Abstract 

 
A steroidal compound, 3-O-�-glucopyranosyl-�-cytosterol is one of steroidal from 
chloroform fraction of root wood of Pterospermum subpeltatum C. B. Rob 
(Sterculiaceae). The structure of compound was determined based on IR, 1H, dan 13C-
NMR spectra. This compound active against Artemia salina with the toxicity of LC50 
160,93µg/mL and it also active as antifungal against Candida albicans with inhibition 
diameter 11,0 mm 
 
Keywords: 3-O-�glukopiranosil-�-sitosterol, steroid, Pterospermum subpeltatum, 
antifungal 
 
 

1. Introduction 
Poor sanitary conditions and weather are often characterized by very high temperatures and 

humidity can cause infections in wounds. It generally occurs in tropical developing countries. 
synthetic antibiotic therapy is not always possible due to high cost. To solves this problem 
people use plants that grow in their area as a traditional medicine, even without scientific 
support. 

Indonesian traditional medicines from plants have been widely used as a form of treatment. 
Through intensive research has been known the bioactive compounds, which are secondary 
metabolites compound in these plants. For example, derivatives compounds of cassane furano 
diterpen and norcassane from the seeds of Bagore (Caesalpina crista, Linn) as an antimalaria. 
These bioactive compound can be further developed through the modification of the molecular 
groups or bonds contained in the compound become more active or more secure and can be 
used as precursor in guiding us to find new drugs (Attamimi, 2004). 

Chemical investigation of the cinchona tree was first reported by French researchers 
Caventou and Pelletier (Cragg, in Ahmad, 2007) and further investigations have been found 
more than 30 classes of chemical compounds different alkaloids including quinine and 
quinidine, each of which has been used for the treatment of malaria disease and cardiac 
disorders (Ahmad, 2007). The results of the investigation consistent with the use of cinchona 
bark Cinchona sp. by people in the Amazon, South America for the treatment of malaria.  

In Indonesia, the development of drugs from natural ingredients have great potential because 
of the tropical climate. Tropical plants are believed have the ability to manipulate diverse 
chemical compounds which have various interesting bioactivity. The ability of one caused by a 
self-defense mechanism against the environment. In general, these plants live under the harsh 
environmental conditions both climatic factors and disorders of herbivore, insects, and diseases. 
Tropical plants can produce natural chemical compounds that potentially as an insecticide and 
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anti-fungi. As an example, Sterculia africana containing  of antifungal compounds (Hamza et 
al., 2005), Azardirachta indica as insecticides (Ahmad, 2007). 

One of Indonesian tropical plant is Sterculiaceae, which is one of a quite large family, 
consisting of 70 genus and about 1500 species (Gressier et al., 2008). The genus Pterospermum 
also included in the family Sterculiaceae are efficacious as medicinal plants such as the bark of 
P. javanicum to treat dysentery, toothache, boils, and sprains. 

Leaves of P. diversifolium used to reduce itchy and skin medicine. The roots of this plant are 
used as fish poison (Ogata et al., 1995). According to Heyne (1987), leaves of P. acerifolium 
also used as an itchy medicine in Central Sulawesi. 

Camporese (2003) reported on the antibacterial activity of hexane extract and methanol 
extract of stem bark of Guazuma ulmifolia (Sterculiaceae). n-hexane extract can inhibit the 
growth of E. coli, while the methanol extract inhibited the growth of Pseudomanas aeruginosa. 
Reid et al. (2005) studied the antibacterial activity of various extracts of Cola greenway and 
reported that the ethyl acetate fraction actively inhibit the growth of Klebsiella pneumoniae and 
Staphylococcus aureus. 

In this study reported the bioactivity, isolation, and structural determination of 3-O-�-
glucopyranosyl-�-cytosterol from chloroform fraction of Pterospermum subpeltatum root wood. 
The molecular structure of the compound was determined based on the interpretation of 
spectroscopic data which include IR, 1H, dan 13C-NMR spectra. 

 
2. Research Method 

 
2.1. General 

The melting point was determined with Fisher John melting point apparatus. The infrared 
spectra obtained with Perkin Elmer FTIR spectrophotometer, while 1H (500 MHz) and 13C (125 
MHz) NMR obtained with Jeol spectrophotometer. 
 
2.2. Materials 

The material used is the root wood of Pterospermum subpeltatum C. B. Rob, obtained from 
Mamuju, West Sulawesi and had been determined in Herbarium Bogoriene, Biological Research 
and Development Center, LIPI Bogor. 
 
2.3. Isolation and Purification 
2.3.1. Extraction and Isolation 

10 kg of dry weight root wood Pterospermum subpeltatum C. B. Rob mashed then 
maceration with methanol for 1 x 24 hours for several times. Maserat obtained was evaporated 
until 3 L of thick maserat obtained with dry weight of 1,047 kg. The maserat further partitioned 
with solvents. Chloroform fraction (35.7 kg) was fractionated by vacuum column 
chromatography (VCC) with eluent n-hexane, ethyl acetate: n-hexane, ethyl acetate, acetone: 
ethyl acetate, acetone, and methanol, with increasing its polarity.  

Merger fractions obtained were monitored by TLC yielded eight major fractions. Fraction B7 
generating 25 g cream-colored floured compound, the test results showed a steroid group with 
melting point 284-285°C 
 
2.3.2. Biological Test 

 
Toxicity tests performed using baby shrimp Artemia salina corresponding with the method 

of Meyer et al, and anti-microbial testing done by using Nutrient Agar method. 
 

3. Result and Discussion 
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Compound 1 obtained as cream-colored powder, with melting point 284 - 285°C. IR (KBr) 
showed an absorption band  in 3377 cm-1 wavelength indicated the existence of free OH group 
supported by the peak at 1070 cm-1 for the strecthing of C – O. Other absorption at 2954 and 
2931 cm-1 for aliphatic C- H that supported by peaks at 1463 cm -1 (CH2) and 1367 cm-1 (CH3). 

Analysis of 13C-NMR spectroscopy data, showed 35 signals with the degree of protonation 
determined through DEPT-135 experiments. Twenty nine carbon signals that consist of 6 
methyl at δ 11,7 (C-18), 18,9 (C-19), 18,6 (C-21), 19,8 (C-26), 19,1 (C-27), and 11,8 (C-29) 
ppm; 11 methylen at δ 36,8 (C-1), 29,3 (C-2), 28,6 (C-4), 31,4 (C-7), 20,6 (C-11), 39,2 (C-12), 
23,9 (C-15), 27,8 (C-16), 33,3 (C-22), 25,4(C-23), and 22,6   (C-28) ppm; 9 methyne at δ 76,9 
(C-3), 121,3 (C-6), 31,4 (C-8), 49,6 (C-9), 56,2 (C-14), 55,4 (C-17), 35,5 (C-20), 45,1 (C-24), 
and 28,7 (C-25) ppm, and 3 quaternary carbon at δ 140,4 (C-5) 36,2 (C-10), and 41,9 (C-13) 
ppm, form a steroid skeleton steroid types cytosterol. While 6 other carbon signals consisting of 
5 methyne at δ 100,8 (C-1), 73,5 (C-2), 76,8 (C-3), 70,1 (C-4), and 76,8 (C-5) ppm; and 1 
methylen at 61,1 ppm (C-6), form a monosaccharide skeleton types glucopyranoside. 

Analysis of 1H-NMR spectroscopy data, compound 1 showed some peculiar signals, those 
are at δ 5,32 ppm (H-6, 1H, brd, J=5,0 Hz) that showed an alkene proton are influenced by two 
vicinal protons with each position at � 1,93 ppm (H-7α, 1H, m) and δ 1,52 ppm (H-7β, 1H, m) at 
δ 3,46 pp (H-3, 1H, tt), J=6,7 and 11,6 Hz) that showed the methyne proton binding the oxy 
group, and at the δ 0,65 ppm (H-18, 3H, s) and δ 0,92 ppm (H-19, 3H, s) each showed methyl 
proton that bound to a quaternary carbon. The proton signals indicate that steroid skeleton 
substituted by two methyl groups and one oxy group. At the aliphatic region there are also two 
groups of signals, which are the group which indicated an alkane unit, at δ 1,29 ppm (H-20, 1H, 
m); δ 0,89 ppm (H-21, 3H, d, J,=6,8 Hz); δ 1,32 pm (H-22α, 1H, m), and δ 0,97 (H-22β, 1H, m); 
δ 1,13 ppm (H-23, 2H, m); δ 0,93 ppm (H-24, 1H, m); δ 1,62 ppm (H-25, 1H, okt, J=6,8 Hz); δ 
,81 ppm (H-26, 3H, d, J=6,8 Hz); δ 0,79 ppm (H-27, 3H, d, J=6,8 Hz); δ 1,23 ppm (H-28, 2H, 
m); and δ 0,82 pp (H-29, 3H, t, j=6,7 Hz), and signals that indicate a unit of glucopyranosyl, 
include at δ 4,21 ppp (H-1, 1H, d, J=8,0 Hz); δ 2,88 ppm (H-2, 1H, td, J=8,0 and 5,0 Hz), δ 3,11 
ppm (H-3, 1H, td, J=8,5 and 3,7 Hz), δ 3,0ppm (H-4, 1H, td, J=8,5 and 5,0 Hz), δ 3,06 ppm (H-
5, 1H, ddd, J=9,5; 6,0 and 1,8 Hz), δ 3,64 ppm (H-6a, 1H, dd, J10,5 and 6,0 Hz) and 3,39 ppm 
(H-6b, 1H, m). The relation of bonding in the structure was evidenced by long distance 
correlation of 1H-13C from HMBC spectrum. HMBC spectrum showed  a long distance 
correlation between the signal of proton and the perculiar carbon, that is at δ 4,21 ppm (H-1’) 
with carbon at δ 76,7 ppm (C-3); δ 0,65 ppm Me-18) with δ 36,2 ppm (C-10); δ 0,92 ppm (Me-
19) with δ 41,9 ppm (C-13); δ 0,89 ppm (Me-21) with δ 55,4 ppm (C-17); and δ 0,81 ppm (Me-
26) and δ 0,27 ppm (Me-27) with δ 28,7 ppm (C-25), this indicates that the position of O-
piranosil group at C-3 and each successive methyl carbon at position C-18, C-19, C-21, C-26 
and C-27. HMBC correlations of compound 1 is shown in Figure 1. Data of 1H and 13C NMR 
spectroscopy (1D and 2D) of compound 1 is shown in Table 1. Based on analysis data above, 
compound 1 can be summarized as 3-O-�-glucopyranosyl-�-cytosterol. NMR data of 
compound 1 has similarities with derivative stigmasterol compounds previously reported  (Alam 
M. S., 1995). 

Toxicity test against baby shrimp A. salina show the value of LC50 = 16,93 µg/mL and active 
against fungi C. albicans with inhibition diameter 11 mm 
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Table 1. 1H, 13C, and 2D NMR Spectrum of Compound 1 

No. δH (multi, J in Hz) δC δC (lit) 
COSY 
H ↔ 

H 

HMBC 
C ↔ H 

1 
 
2 
 
3 
4 
 
5 
6 
7 
 
8 
9 
10 
11 
12 
 
13 
14 
15 
 
16 
 
17 
18 
18 
20 
21 
22 
 
23 
24 
25 
26 
27 
28 
29 
1’ 
2’ 
3’ 
4’ 
5’ 
6’ 

1,78 (1H, m) 
0,99 (1H, m) 
1,80 (1H, m) 
1,51 (1H, m) 
3,46 (1H, tt, J = 6,75 & 11,65 Hz) 
3,46 (1H, br d, J = 3,05 & 10,55 Hz) 
3,46 (1H, br t, J = 11,60 Hz) 
- 
5,32 (1H, br d, 5,0 Hz) 
1,93 (1H, m) 
1,52 (1H, m)  
1,41 (1H, m)  
0,86 (1H, m) 
- 
1,38 (1H, m) 
1,97 (1H, m) 
1,16 (1H, m) 
- 
0,98 (1H, m) 
1,50 (1H, m) 
1,02 (1H, m) 
1,79 (1H, m) 
1,29 (1H, m) 
1,05 (1H, m) 
0,65 (3H, s) 
0,92 (3H, s) 
1,29 (1H, m) 
0,89 (3H, d, J = 6,75 Hz) 
1,32 (1H, m) 
0,97 (1H, m) 
1,13 (2H, m) 
0,93 (1H, m) 
1,62 (1H, okt., 6,75 Hz) 
0,81 (3H, d, J = 6,75 Hz) 
0,79 (3H, d, J = 6,75 Hz) 
1,23 (2H, m) 
0,82 (3H, t, J = 6,75 Hz) 
4,21 (1H, d, 8,0 Hz) 
2,88 (1H, td, 8,0 & 5,0 Hz) 
3,11 (1H, td, 8,5 & 3,7 Hz) 
3,00 (1H, td, 8,5 & 5,0 Hz) 
3,06 (1H, ddd, 9,5; 6,0 & 1,8 Hz) 
3,64 (1H, br dd, 10,5 & 6,0 Hz) 
3,39 (1H,*) 

36,8 
 

29,3 
 

76,7 
38,3 

 
140,3 
121,1 
31,4 

 
31,4 
49,6 
36,2 
20,6 
39,2 

 
41,9 
56,2 
23,9 

 
27,8 

 
55,4 
11,7 
18,9 
35,5 
18,6 
33,3 

 
25,4 
45,1 
28,7 
19,8 
19,1 
22,6 
11,8 

100,6 
73,3 
76,6 
69,9 
76,6 
60,9 

37,1 
 

28,2 
 

79,8 
39,7 

 
140,4 
121,8 
31,8 

 
31,8 
50,1 
36,6 
21,0 
39,7 

 
42,2 
56,7 
24,1 

 
28,2 

 
56,0 
11,7 
19,2 
36,0 
18,7 
33,8 

 
26,0 
45,7 
29,1 
19,7 
18,9 
23,0 
11,9 

 

2 
 

1,3 
 

2,4 
3 
 
- 
7 

6, 8 
 

7, 9, 
14 

8, 11 
- 

9, 12 
11 
 
- 

8, 15 
14,16 

 
15, 17 

 
16, 20 

- 
- 

17, 21, 
22 
20 

20, 23 
 

22, 24 
23, 25, 

28 
24, 8, 

27 
25 
25 

24, 29 
28 
2’ 

1’, 3’ 
2’, 4’ 
3’, 5’ 
4’, 6’ 

5’ 

18 
 
- 
 

1’ 
- 
 

18 
- 
- 
 
- 

18 
18 
- 

19 
 

19 
19 
- 
 
- 
 

19,21 
1, 5, 9, 10 

12, 13, 14, 17, 
20 

19, 21 
17, 20, 22 

21 
 
- 

29 
26, 27 
25, 27 
25, 26 

29 
24, 28 

3 
- 
- 
- 
- 
- 
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 Figure 1. 3-O-�-glucopyranosyl-�-cytosterol 
 
4. Conclusion and Suggestion 

The compound of 3-O-�-glucopyranosyl-�-cytosterol have been found for the first time 
from P. subpeltatum and potential as an antifungal with the inhibition diameter 11 mm against 
Candida albicans and also active against Arternia salian LC50: 160,93 µg/mL.  Clinical trials of 
compounds found in plants such P. subpeltatum based activities, to be developed and can be 
biosynthesized. 
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Abstract 
 

It has been conducted the test methods verification of Fe and SiO2 in industrial water 
using UV-Vis spectrophotometer at PT Krakatau Steel. Verification parameters tested 
were linearity, precision, accuracy, and detection limit. The results show the value of 
linearity, precision, accuracy and detection limits for testing Fe are respectively 0.996; 
3.803%; 87.94% and 0.048 mg/L while for SiO2 consecutive tests was 0.998; 2.014%; 
100.755% and 0.010 mg/L. The results of test methods verification of Fe and SiO2 meet 
the requirements and can be accepted as a method for routine testing in the chemical 
laboratory of PT Krakatau Steel.  
 
Key words: verification, industrial water, Fe, SiO2, UV-Vis spectrophotometer 

 
 
INTRODUCTION 

Water is one of the utilities that support industrial process. In the industry, especially the 
chemical industry, water has several functions: water as the industrial household, process water, 
cleansing water and water steam generator (boiler feed water) (Widyatmiko, 2005). According 
to Mussey (1961), process water is water that comes into contact with an end product or with 
materials incorporated into an end product; cooling water is water used exclusively for cooling; 
boiler-feed water is water introduced into boilers for conversion to steam; and sanitary and 
service water is water used for drinking, showers, general cleaning, and flushing wastes.   

PT Krakatau Steel is the first and largest integrated steel industry in Indonesia, located in 
Cilegon, Banten. The products of PT Krakatau steel are hot rolled coils, cold rolled coils an wire 
rod steel wich are the raw material for the next industries. Large quantities of water are required 
to produce steel, typically 180-200 m3 of water per ton of steel produced.   

Water is used in the steel industry for direct contact cooling and cleaning of the steel in 
process, for cooling the process off gases, for product rinsing, and for process solution makeup; 
however, the vast majority of the water used in steel making is for non-contact cooling of 
associated processing equipment. Water is also used for steam and power generation, potable 
uses, and dust and moisture control (Lehrman et.al, 1999). 

Because water has an important role in the steel industry, it will need special requirements 
such silica and Fe content. High concentration of silica in boiler feed water is harmful as silica 
tends to deposited as glassy and hard scale in boiler and cooling water systems. While high 
concentrations of Fe can causes the boiler and water line deposits as iron oxide (Fe2O3 or 
Fe3O4). Iron and steel industries in the United States use a water supply with a maximum SiO2 
and Fe content for cooling and processing water in steel plants are 30 and 6.3 ppm; for cooling 
and processing in hot-rolling mills are 21 and 0.4 ppm, and for boiler feed in steel plants are 30 
and 6.3 ppm (Walling and Ottis, 1967). Meanwhile, according to the American Society of 
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Mechanical Engineers (ASME) boiler feed water quality requirements are a maximum of 0.1 
ppm for Fe, while the requirements for boiler water is a maximum of 150 ppm for silica. 

Therefore, it is necessary to determine the water used to supply in an effort to control the 
quality of water that can be prevented greater losses. To analyze the content of SiO2 and Fe can 
be done by using UV-Vis Spectrophotometry method. The standard method used in chemical 
laboratory of PT Krakatau Steel for determination of iron content is in accordance with ASTM 
D.1068.84 while for SiO2 content is in accordance with SOP.3133 QP02 019.  

Because these methods are routinely used, it should be conducted the methods verification 
to verify the performance of both standard methods. In addition, methods verification are 
needed to prove that the laboratory is able to demonstrate the analysis methods to produce valid 
data. This paper aims to verify the test method of Fe and SiO2 in the industrial water of PT 
Krakatau Steel with the parameters linearity, precision, accuracy and detection limit. 
RESEARCH METHOD 
Materials 

All chemicals are analytical grade and used without further purification. Hydrochloric acid 
(HCl), hydroxylamine hydrochloride (NH2OH.HCl), ammonium acetate (CH3COONH4), 1,10-
phenanthroline (C12H8N2), ammonium heptamolybdate (NH4)6Mo7O24.4H2O), oxalic acid 
(H2C2O4), and ascorbic acid (C6H8O6). 
Test Method Verifikasi of Fe 

Linierity test is done by determining the correlation and determination coefficient for 
calibration curve of Fe standard solution. Series of standard solutions prepared from stock 
solutions of iron 10 mg/L by adding 0; 1; 2; 3; and 4 mL in a 100 mL volumetric flask. Then 
added with 2 mL HCl : water (1:1 v / v), 1 mL hydroxylamine hydrochloride 10%, 10 mL 
ammonium acetate 10%, 10 mL fenantrolin 0.1% and filled with distilled water to the mark. The 
solution was allowed to stand 10 minutes and the absorbance was measured by UV-Vis 
spectrophotometry at 510 nm.   

Precision test was done by measuring the  iron content  in the sample seven times. A total of 
50 mL of industrial water sample put into a 100 mL volumetric flask and then added 2 mL HCl: 
water (1:1 v/v), 1 mL hydroxylamine hydrochloride 10%, then heated to boiling. The solution 
was cooled and added 10 mL ammonium acetate 10%, 10 mL fenantrolin 0.1% then filled with 
water to the mark. The solution was homogenized and the absorbance was measured at 510 nm. 
% RSD values calculated to determine the value of precision. 

Accuracy test was done by determining the value of %recovery. Procedure used was the 
same with precision test procedures but 10 mL of stock solution of iron 10 mg/L was added as a 
spike. Detection limit was done by measuring the absorbance of the reagent blank seven times. 
The procedure was performed the same as the test procedure of precision but was not use 
industrial water samples. 
Test Method Verifikasi SiO2 

Linierity test was done by determining the correlation and determination coefficient for 
calibration curve of SiO2 standard solution. Series of standard solutions prepared from the 
silicate stock solution 10 mg/L by adding 0; 5; 10; 20; 30 and 40 mL in 250 mL volumetric 
flask. Then added with 5 mL  ammonium molybdate 5% and aged 4 minutes. Then added 5 mL 
oxalic acid 5% and allowed to stand 2 minutes. Furthermore, added with 5 mL ascorbic acid 4% 
and distilled water to the mark. Solution was homogenized and the absorbance was measured by 
UV-Vis spectrophotometry at 815 nm. 

Precision test was carried out by the same procedure to the linearity test by replacing the 
standard solution to 10 mL industrial water sample. Absorbance measurements performed seven 
times. Accuracy test procedure used was the same as precision test procedures but 10 mL of the 
standard solution silicate 10 mg/L added as a spike. Absorbance measurements were also carried 
out seven times. The absorbance of the reagent blank were measured seven times by the same 
procedure with precision test but without samples water for determining the detection limit. 
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RESULT AND DISCUSSION 

The principle of the determination of Fe with ASTM D.1068.84 method is the reduction of    
Fe3+ in the sample to Fe2+ by hydroxylamine hydrochloride in acidic conditions. Fe2+ ions then 
reacted with 1,10-fenantrolin form reddish orange complex compounds and absorbance was 
measured at 510 nm. This complex compound is very stable at pH 4-6 which is maintained by 
the addition of ammonium acetate. The reaction is as follows: 
 
4Fe3+ + 2NH2OH   4Fe2+ + N2O + H2O + 4H+ 
Fe2+ + 3C18H8N2  Fe(C18H8N2)3

2+     
 

 
Figure 1. The structure of the iron-1,10-phenanthroline compound 

 
The common aqueous forms of silica are H4SiO4 and H3SiO4

- (APHA, 1997). In the 
presence of magnesium, it can form scale deposits in boilers and in steam turbines. 
Determination of silicate in water based on the reaction between silicate and ammonium 
molybdate in acid media to form yellow form ß-molybdosilicic acid (silicomlybdate). This 
complex is reduced by ascorbic acid to form heteropoly molybdous-blue complex and the 
absorbance was measured at 815 nm. Interference from phosphate, which forms a 
phosphomolybdate complex was eliminated by the oxalic acid introduced to the sample before 
the addition of the ascorbic acid reagent. 
Linearity test 

Linearity test for analysis method conducted to demonstrate the capability of the method to 
produce a linear relationship between the concentration of the instrument response from a series 
of standard solutions. Linearity of an analysis procedure can also be defined as the ability 
(within a given range) to generate the data analysis that is proportional to the concentration of 
analyte in the sample. Linearity should be determined by using a minimum of five standards 
whose concentration span 80 –120% of the expected concentration range. 

The parameters used to indicate that relationship is linear correlation coefficient. The results 
may not show a significant deviation from linearity, which means the value of the correlation 
coefficient R> 0.99 in the working range (80-120%). In addition, the acceptance criteria of 
linearity was also determined from intercept where the value of the intercept does not differ 
much from zero, or less than 2% (McPolin, 2009).  

Linearity test in Figure 2 shows the value of the coefficient of determination R2 0.996 for Fe 
and 0,998 for SiO2. It means that the correlation coefficient were 0.998 for Fe and 0,999 for 
SiO2. Figure 2 also shows that the intercept were less than 2%. These data indicate that the 
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method of determination of Fe and SiO2 by UV-Vis Spectrophotometry meet the criteria to 
guarantee the quality of the analysis data. 
 

  
Figure 2. Calibration curve of Fe and SiO2 standard solution  

Precision test 
The precision of an analytical procedure expresses the closeness of agreement (degree of 

scatter) between a series of measurements obtained from multiple sampling of the same 
homogeneous sample under the prescribed conditions (APVMA, 2004). Precision may be 
considered at three levels: repeatability, intermediate precision and reproducibility. Parameter 
used to determined precision value in this paper was repeatability. Repeatability expresses the 
precision under the same operating conditions (samples, analyst, instrument, laboratory) over a 
short interval of time. Repeatability is also termed intra-assay precision (Huber, 2010). 
Repeatability value can be used for evaluating consistency of analyte and the difficulty of the 
methods. % RSD was used to determine the precision parameters criteria which criteria applied 
in PT Krakatau Steel was the % RSD <2% (high precision), 2-5% (moderate precision), and> 
5% (low precision). 

Table1. Repeatability data for test methods of Fe and SiO2 content in water samples 

No 

Absorbance  Concentration (mg/L) 

Fe SiO2 Fe SiO2 

1 0.017 0.533 0.220 16.782 

2 0.018 0.531 0.233 16.719 

3 0.019 0.512 0.246 16.120 

4 0.018 0.513 0.233 16.152 

5 0.019 0.512 0.246 16.120 

6 0.018 0.531 0.233 16.719 

7 0.018 0.533 0.233 16.782 

Mean 0.235 16.485 

SD 0.00897 0.33248 

%RSD 3.819 2.017 
The data in Table 1 show that the % RSD value for seven repetitions in testing Fe and SiO2 

in the range 2-5% This means that both methods have moderate precision. Then, repeatability 
limit (r) can be calculated from %RSD using the equation (Haider, 2006):  

r = 2.83 x %RSD  
Thus, r value for testing Fe was 10.81% while for testing SiO2 was 5.71%. r value were used to 
judged the equivalency of two test result within one laboratory where if they differ by more than 
the r value they shall be judged not equivalent. r value is the interval representing the critical 
difference between two test results for the same material, obtained by the same operator using 
the same equipment on the same day in the same laboratory. 

y = 0.154x + 0.001
R² = 0.996
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Accuracy test 
Accuracy (bias) is a measure of the difference between the expectation of the test result and 

the accepted reference value (true value) due to systematic method and laboratory error. The 
accuracy of an analytical method may be determined by any of the following ways:  
1. Analyzing a sample of known concentration (for example, a control sample or certified  

reference material) and comparing the measured value to the true value. 
2. Compare the results of the method with results from an established reference method (the 

uncertainty of the reference method is known). 
3. If certified reference materials or control samples are not available, a blank sample matrix 

of interest can be spiked with a known concentration by weight or volume. The resulting 
mixture is assayed, and the results obtained are compared with the expected result. 

4. If a blank sample matrix are not available, a standard addition method can be used.  
Standard addition method (spiked sample). Accuracy is calculated as the percentage of 
recovery by the assay of the known added amount of analyte in the sample. 
 

Table 2. Accurcy data for test methods of Fe and SiO2 content in water samples 

No 

Concentration of 
sample (mg/L) 

Concentration 
of spike 
(mg/L) 

Concentration of 
spiked sample (mg/L) 

recovery (%) 

Fe SiO2 Fe SiO2 Fe SiO2 

1 0.220 16.782 1 1.090 17.821 87.00 103.90 

2 0.233 16.719 1 1.116 17.600 88.30 88.10 

3 0.246 16.120 1 1.103 17.254 85.70 113.40 

4 0.233 16.152 1 1.155 17.222 92.20 107.00 

5 0.246 16.120 1 1.142 17.128 89.60 100.80 

6 0.233 16.719 1 1.090 17.695 85.70 97.60 

7 0.233 16.782 1 1.103 17.726 87.00 94.40 

Mean 87.93 100.74 
 
This paper used the last method to assess accuracy by calculate the percentage recovery of 

spiked samples. Table 2. shows the data of accuracy assessment of testing Fe and SiO2 in 
industrial water. The acceptance criteria for accuracy was determined from %recovery value, 
which must be in the range of 85-115%. From Table 2. it can be concluded that both method 
have meet the criteria with the %recovery values for Fe and SiO2 test method are 87.93 and 
100.74%, respectively. 
Detection Limit        

The detection limit (DL) is the smallest number analyte in a sample that can be detected 
which still gives significant response compared with a blank (Harmita, 2004). Several 
approaches for determining the detection limit are possible, depending on whether the procedure 
is a non-instrumental or instrumental as follow: 
1. Based on visual evaluation: the detection limit is determined by the analysis f samples with 

known concentrations of analye and by establishing the minimum level at which the analyte 
can be reliably detected.  

2. Based on signal-to-noise. Determination of signal-to-noise rati is performed by comparing 
measures signals from samples with known low concentration of analyte with those of 
blank samples and establishing the minimum concentration at which the analyte can be 
reliably detected. 
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3. Based on standard deviation of the response and the slope. The detection limit may be 
expressed as: 

�� =  3.3 �/� 
where  is standard deviation of the response, S is the slope of calibration curve 

4. Based on the standard deviation of the blank. Measured of magnitude of analytical 
background response is performed by analyzing an appropriate number of blank samples 
and calculating the standard deviation of these response. 

5. Based on the calibration curve. A specific calibration curve should be studied using samples 
containing an analyte in the range of DL. The residual standard deviation of regression line 
or the standard deviation of y-intercept of regression lines may be used as the standard 
deviation (Kalra, 2011). 
Table 3. Detection limit data for test methods of Fe and SiO2 content in water samples 

No 

Absorbance of 
blank  

Concentration of blank 
(mg/L) 

Fe SiO2 Fe SiO2 

1 0.006 0.006 0.039 0.008 

2 0.005 0.004 0.032 0.005 

3 0.005 0.005 0.032 0.006 

4 0.004 0.004 0.026 0.005 

5 0.005 0.003 0.032 0.004 

6 0.003 0.005 0.019 0.006 

7 0.004 0.006 0.026 0.008 

Mean 0.029 0.006 

SD 0.00637 0.00153 

DL 0.049 0.011 
 
This paper used method which based on standard deviation of blank to measured DL which 

can be calculated as: 
�� =  �̅ + 3� 

where �̅ is mean of blank concentration and  is standard deviation of the blank. The data of DL 
assessment is shown in Table 3. The detection limits of UV-Vis Spectrophotometer instrument 
used in this research were 0.049 mg/L for Fe and 0.011 mg/L for SiO2. It means that analyte 
whose concentration less than DL may not be detected.  

Verification parameters assessment included linearity, precision, accuracy and detection 
limit indicate that the method of determining the content of Fe and SiO2 using UV-Vis 
Spectrophotometer according to ASTM 019 D.1068.84 and SOP.3133 QP02 have met the 
criteria. Therefore both methods can be used as a method for routine procedures and produce 
valid data in order to control the quality of the water industry in PT Krakatau Steel. 
CONCLUSION AND SUGGESTION 
1. The value of correlation coefficient for linearity test, %RSD for precision test, % recovery 

for accuracy test and limits of detection for the determination of Fe with ASTM D.1068.84 
method are respectively 0.996; 3.803%; 87.94%; and 0.048 mg/L. 

2. The value of correlation coefficient for linearity test, %RSD for precision test, % recovery 
for accuracy test and limits of detection for the determination of SiO2 with SOP.3133 QP02 
019 method are respectively 0.998; 2.014%; 100.76%; and 0,010 mg / L.  

3. Parameter value of method verification indicates that the test method of Fe and SiO2 by UV-
Vis spectrophotometry meet the requirements and can be used as a routine method for 
testing water samples in the laboratory chemical industry PT Krakatau Steel Cilegon 
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Abstract 
 

 Chalcones (1,3-diphenylpropen-1-ones), a biosynthetic product of the shikimate 
pathway, belonging to flavanoid  family are precursors of open chain flavonoids and 
isoflavonoids, which are abundant in edible plants. They have a wide variety of 
cytoprotective and modulatory functions, which may have therapeutic potential for 
multiple diseases, especially as antitumor drugs. Several natural and synthetic chalcones 
and their derivatives appear as promising anticancer activities. Their chemical structure 
evaluation will be critical to assess their therapeutic utility. Those for which the 
mechanism of action is well defined can serve as lead compounds for the design of new, 
more promising molecules. The present review highlights the recently natural synthesized 
chalcones and their derivatives possessing important pharmacological activities as 
anticancer and how the mechanism pathways of these compounds in inhibiting cancer 
cells. 
 
Key words: chalcones; cancer treatment. 

 
INTRODUCTION 

Cancer is a group of diseases characterized by uncontrolled growth and spread of 
abnormal cells. If the spread is not controlled, it can result in death. Cancer is caused by both 
external factors (tobacco, infectious organisms, chemicals, and radiation) and internal factors 
(inherited mutations, hormones, immune conditions, and mutations that occur from 
metabolism). These causal factors may act together or in sequence to initiate or promote the 
development of cancer. Cancer is treated with surgery, radiation, chemotherapy, hormone 
therapy, biological therapy, and targeted therapy (American Cancer Society, 2012).  

In the United States and many other parts of the world, cancer is a serious public health 
issue. Currently, 1 in 4 deaths in the United States is due to cancer. It is estimated that 1,529,560 
new cancer cases and 569,490 deaths from cancer are projected to occur in the United States in 
2010 (Jemal et al., 2010). According to the data base of health research (Riskesdes, Health 
Department of Republic of Indonesia), the prevalence of tumors in Indonesia was 4.3 per 1000 
population (Depkes RI, 2007). Besides this, it is also predicted that cancer will overtake heart 
disease as the world's top killer by 2010 and this trend would make more than a double the 
global cancer cases and deaths by 2030 . So it is the time to better understand the prognosis, 
diagnosis and treatment of cancer . 

Chalcones (α,β-unsaturated ketones) are promising candidates in the new era of 
medicines on account of their wide spectrum of antitumor, antibacterial and anti-inflammatory 
activities (Sasayama et al., 2007; Ye et al. 2004; Ye et al., 2005; Lee et al., 2006; Haraguchi et 
al., 1998; Hsieh et al., 1998; Flechtner et al., 1979;  Chang et al., 2007; Rauf et al., 2005; and 
Pandey et al., 2007). However, the mechanisms of actions of this class of compounds are not yet 
fully understood, especially in anticancer. The purpose of this review is to provide an overview 
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of the anticancer activity of naturally occurring and synthetic chalcones. This review highlights 
more recent pharmacological screening of these compounds, their mechanisms of action and 
relevant structure-activity relationships. 
  
DISCUSSION 
1. Structure and Synthesis of Chalcones 

Chalcones, one of the major classes of natural products with widespread distribution in 
spices, tea, beer, fruits and vegetables, have been recently subject of great interest for their 
pharmacological activities (Dicarlo et al., 1999). Chalcones are precursor compounds for 
flavonoid synthesis in plants. Naturally occurring chalcones are found mostly in their 
hydroxylated forms, and have been reported to possess antiinflammatory, antimicrobial, 
antioxidant and anticancer properties  (Echeverria et al., 2009; Nowakowska et al., 2007; 
Miranda et al., 1999; Shah et al.,2008; Boumendjel et al., 2009; Katsori et al., 2009; Dimmock 
et al, 1999 and Go et al., 2005).  

Chalcones have crystal structure. They are α,β-unsaturated ketones consisting of two 
aromatic rings (ring A and B) having diverse array of substituents (figure 1). Rings are 
interconnected by a highly electrophilic three carbon α,β-unsaturated carbonyl system that 
assumes linear or nearly planar structure. They contain the ketoethylenic group (–CO–CH=CH). 
Chalcones possess conjugated double bonds and a completely delocalized π-electron system on 
both benzene rings (Rahman, 2011).  

 
 
 
 
 
 
 
 
 

Figure 1. (a) Structure of chalcone, (b) The energy minimazed 3D structure of chalcone 
 
Chalcones can be readily synthesized in laboratory by the Claisen-Schmidt reaction 

which is very easy and simple to conduct as well as inexpensive. The simplest chalcone can be 
prepared by an aldol condensation between a benzaldehyde and an acetophenone in the presence 
of sodium hydroxide as a catalyst (Arty, 2010). 

 
2. The Potential of Chalcones in Cancer Treatment 
a. Inhibition of activation NF- B by chalcone  

Cancer is regulated by a number of genes, which are in turn regulated by transcription 
factors. Among these transcription factors, NF-κB plays a major role in development and 
progression of cancer because it regulates more than 400 genes involved in inflammation, cell 
survival, cell proliferation, invasion, angiogenesis, apoptosis, cell cycle and metastasis. 
Incorrect regulation of NF- B may cause inflammatory and autoimmune diseases, viral 
infection and cancer (Yadav et al., 2011and Pahl, 1999).  

In tumor cells, NF-κB is active either due to mutations in genes encoding the NF-κB 
transcription factors themselves or in genes that control NF-κB activity (such as IκB genes); in 
addition, some tumor cells secrete factors that cause NF-κB to become active. Blocking NF-κB 
can cause tumor cells to stop proliferating, to die, or to become more sensitive to the action of 
anti-tumor agents. Thus, NF-κB is the subject of much active research among pharmaceutical 
companies as a target for anti-cancer therapy (Escárcega et al., 2007). 

 

(a) (b) 
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NF-κB  consists of homo- or heterodimers of the Rel family proteins, p50/NFκB1, p52/ 
NFκB2, p65/RelA, and c-Rel. In most cell types studied to date, in resting stage NF-κB dimers 
are retained in the cytoplasm through a physical association with inhibitor proteins, termed IκBα 
(Baeuerle et al., 1988). The classic form of NF- B is a heterodimer p50 and p65 subunits. 
Following cell activation, IκBα becomes hyperphosphorylated on distinct serine residues, and a 
mounting body of evidence indicates that this hyperphosphorylation targets the inhibitor for 
proteolytic degradation (Finco et al., 1995). The degradation of IκB eventually leads to its 
dissociation from NF-κB dimers, thereby allowing the movement of the latter towards the 
nucleus, where they may bind with high specificity to enhancer sequences in the 5′ regulatory 
region of target genes (figure 2). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 2. The classical pathway of NF-kB activation (http://redox.fc.ul.pt/research.html.) 
 
NF-kB is often excessively activated in human solid tumor dan leukumias. Activation 

NF-kB in cancer cell may enhance cancer progression through the activation of cancer cell 
growth, apoptotic resistance, and increased metastatic activity. To treat or prevent diseases such 
as cancer that have an etiology based in inflammation, the agents that inhibit the inflammation 
and have no side effects be required. Among the candidates is chalcone, which is known as a 
potent anti-inflammatory agent.  

Chalcone and some derivate chalcones have been known to inhibit the activation of NF-
B such as 2′,5′-dihydroxy-4-chloro-dihydrochalcone; Broussochalcone A; 3,4,5-trimethoxy-4′-

fluorochalcone; 3′,4′,5′,3,4,5-hexamethoxy-chalcone; Xanthoangelol D; 4-Hydroxyloncho-
carpin; Flavokawain A, B; 2′-hydroxychalcone; Cardamomin; Isoliquiritigenin;1,3-diphenyl-2-
propenone (chalcone); 2′-hydroxy-3-bromo-6′-methoxychalcone; 2′-methoxy-3,4-dichloro-
chalcone; Butein; Cardamonin; Hydroxysafflor yellow A; Licochalcone A; 2′,4′,6′-
tris(methoxymethoxy) chalcone; 3-hydroxy-4,3′,4′,5′-tetramethoxychalcone; Xanthohumol; and 
Isoliquiritigenin 2′-methyl ether (Yadav et al., 2011) through several mechanisms. Flavokavains 
A and B obtained from Piper methysticum cause inhibition of both IκB degradation and 
subsequent translocation of p50 and p65 NF-κB subunits from the cytoplasm to the nucleus 
(Folmer et al., 2006). Butein (3,4,2′,4′-tetrahydroxychalcone), natural compound obtained from 
stem-bark of cashews (Semecarpus anacardium), blocked the phosphorylation and degradation 
of IκBα by inhibiting IKK activation which is direct and involved cysteine residue 179. This 
correlated with the suppression of phosphorylation and the nuclear translocation of p65 (Pandey 
et al., 2007).  
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b. Chalcones arrests cell cycle progression and induces apoptosis 
Both normal cells and cancer cells have growth through a cell cycle. Regulation of cell 

cycle determines process of cell growth. In cancer cells occurs abnormal regulation of the cell 
cycle. Cell Cycle consists of proliferative phase, in the resting state (no cells divides, Go), and 
not permanently divide. Cells that are dividing divided into 4 (four) major phases: the gap phase 
1 (G1), synthesis phase (S), gap phase 2 (G2), and mitosis phase (M) (Foster et al., 2001 and 
Vermeulen et al., 2003). In normal cell, the cell cycle dependent on growth signals from the 
environment. If the signal is not sufficient growth, the cells are in the G1 phase of the cell cycle 
exit can enter the Go phase (Van den Heuvel, 2005). 

G1 phase is the phase when the cells prepare for DNA replication that will occur in the 
S phase, when DNA synthesis is complete the cell then enters the G2 phase, in this phase the 
cells prepare for cell division, when the cell is ready to enter the mitotic phase (M). Cells that 
are in the G1 phase may decide to enter into S phase or enter the Go phase. Go phase is the 
phase for on-proliferating cells (Lodish et al., 2000 and Vermeulen et al., 2003). The move from 
one phase to the next phase of the cell cycle is regulated by three main groups, namely cyclin 
proteins (cyclin D, cyclin E, cyclin A, and cyclin B), cyclin dependent kinases (CDKs, 
especially CDK4, CDK6, and CDK2), and cyclin dependent kinase inhibitors (CKIs) (King, 
2000).  

Disturbance in the cell cycle regulator will cause disruption of the program of cell 
cycle. In cancer cells, the cell cycle cannot be regulated so that cells become divided 
continually. Therefore, the development of research on cancer, cell cycle regulators is the 
potential for targeted anticancer drugs. 

Cancer cells are also able to avoid apoptosis mechanism. Apoptosis is cell death 
program that occurs as a result of the induction of the cell itself. Apoptosis can occur due to 
intrinsic factors when cells undergo irreversible damage DNA. Triggers apoptosis caused by 
extrinsic factors involving the role of tumor necrosis factor receptor, called the death receptors, 
viz. TNF - 2 receptor CD95 ( Fas/APO-1 ), and TRAIL receptor ( Lodish et al ., 2000). Proteins 
that play a role in the regulation of apoptosis are p53, Bcl-2 family proteins, Apaf, Caspase 
inhibitors pro apoptosis protein (as well as receptors that respond to death signals). Cells 
undergoing apoptosis has several characteristics, among others, increased expression pro 
apoptosis proteins ( Bax , Bid and Bak ) and suppression antiapoptosis protein expression (Bcl - 
2 and Bcl - xL), increased levels of cytosolic cytochrome C, caspase activation, PARP1 
activation, DNA fragmentation, and cell membrane damage. Accumulation of these 
characteristics led to the emergence of a variety of apoptotic bodies that result from cell 
fragmentation ( Gerl and Vaux, 2005) . 

Chalcone have been found to act through the intrinsic as well as extrinsic apoptosis 
pathway to prevent tumor progression. Basic structure of chalcone (1,3-diphenyl1-2-propenone) 
has proven to have a chemopreventive effect in human breast cancer cell lines: MCF-7 and 
MDA-MB-231 (Hsu et al. 2006) and human bladder cancer cell lines: T24 and HT-1376 (Shen 
et al. 2007). The research showed that chalcone inhibits the proliferation of  T24 and HT-1376 
cells by inducing apoptosis and blocking cell cycle progression in the G2/M phase. Chalcone 
significantly increases the expression of p21 and p27 proteins, and decreases the levels of cyclin 
B1, cyclin A and Cdc2, thereby contributing to cell cycle arrest. In addition, chalcone increased 
the expression of Bax and Bak, but decreased the levels of Bcl-2 and Bcl-XL and subsequently 
triggered mitochondrial apoptotic pathway (release of cytochrome c and activation of caspase-9 
and caspase-3). The induction of mitochondrial pathway and inhibition of the nuclear factor 
kappa B survival system may play important roles in the antiproliferative activity of chalcone in 
T24 and HT-1376 cells.  

Many natural chalcones have been shown to induce apoptosis in different types of 
cancer cells through a wide variety of mechanisms. Among the most important of these are 
xanthoangelol, flavokawain B, xanthohumol, isoliquiritigenin, flavokawin A, isobavachalcone, 
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cardamonin, licochalcone A, and butin (Table 1). These triterpenoids have a common target, 
Bcl-2 protein, which can induce apoptosis in cancer cells. 
Table 1. Molecular targets of known synthetic and natural chalcones for anticancer and anti- 

inflammatory activities chalcones 
Chalcone Targets 

2′,4′-dihydroxy-6′-methoxy-
3′,5′-dimethylchalcone 

NF-κB, KDR tyrosine kinase, Bim, Bcl-2, caspase-3, 
erbB-2 receptor, PARP, TNF-α, IL-6, IL-1β, iNOS 

4-Hydroxylonchocarpin NF-κB, MMP-2, iNOS 
Broussochalcone A NF-κB, iNOS, PKC, NADPH oxidase 
Butein 
 

NF-κB IAP2, Bcl-2, Bcl-xL, cyclin D1, c-Myc, COX-2 
MMP-9, DR5, STAT3, ICAM-1, Bax, caspase-3, EGFR 
TIMP-1, E- selectin, iNOS, JNK, IL-8, MMP-7, Mcl-1, 
hTERT, ATM, Chk1/2, cdc25C, Cdc2, Sp-1, VEGF, 
CXCR4 

Cardamomin NF-κB, TNF-α, COX-2, Akt, DR4/5, Bcl-xL, CHOP 
Cardamonin NF-κB, COX-1/2, TNF-α, iNOS, mTOR, P70S6K, 4E-

BP1 
Flavokawain A  NF-κB, Bax, Bcl-xL, XIAP, survivin, p27, p27, CDK1/2, 

Myt1, Wee1, cyclin B1, cdc25C 
Flavokawain B 
 

NF-κB, DR5, Bim, Puma, survivin, GADD153, PARP, 
Bid, caspase-8, Bak, cytochrome C, Bcl-2, iNOS, COX-
2, TNF-α, caspase-3/9, Bax, XIAP 

Hydroxysafflor yellow A NF-κB, TNF-α, ICAM-1, IL-1β, IL-6, IL-10, VEGF, 
p53, Bcl-2/ Bax ratio, HIF-1α, VHL, ET-1, iNOS 

Isobavachalcone caspases -3/9, Bax, A 
Isoliquiritigenin 
 

LOX-5/12, caspase-3/8/9, p53, p21, Fas/APO-1 receptor, 
FasL, Bax, NOXA, NF-κB, Bcl-xL, cIAP-1/2, COX-2, 
iNOS, cytochrome C, PARP, quinone reductasse, 
GADD153 
ICAM-1, VCAM-1, Bcl-2, MMP-2, ATM, Chk2, 
topoisomerase II, HO-1, IL-1β, TNF-α, cyclin B1/D1/E, 
CDK4, p27, cdc25c, IRF3, IP-10, RANTES, Nrf2, 
mTOR, VEGF, TLR4, uPA, MMP-9, TIMP-1 

Kanzonol C  MMP-2 
Licochalcone A 
 

NF-κB, COX-1/2, Bax, Bcl-2, STAT3, CD31, Ki-67, 
VEGFR2, iNOS, CCL2/MCP-1, CXCL1/KC, mTOR, 
TNFα, topoisomerase-1, cyclin B1/D1/E, Rb, cdc2, 
CDK4/6 

Naringenin chalcone IL-2, IL-4, IL-5, IL-13, INF-γ, TNF-α, MCP-1, p38 
MAPK 

Xanthoangelol NF-κB, caspases -3/9, VEGF, thromboxane B2, ET-1 
Xanthohumol 
 

NF-κB, Bax, p53, Akt, survivin, Bcl-xL, XIAP, cIAP1/2 
cyclin D1, c-myc, VEGF, PARP, caspase-3/7/8/9, Bcl-2 
Keap1, E- cadherin, TLR4, MD2, STAT1α, IRF-1, IL-1β 
p21, p53, Bcr- Abl, IL-2, IFN-γ, MCP-1, GRP78, Hsp70, 
PERK, ATF6, CHOP, Mcl-1, XBP-1, IL-8, IL-12 
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Chalcones influence invansion, metastasis and angiogenesis 
Tumor progression is a complex and multifaceted process that involves initiation, 

growth, invasion, and metastasis. Tumors would not grow beyond the limits of diffusion 
without stimulating a vascular system for the delivery of nutrients. Key stimulators and 
inhibitors of angiogenesis along with the tumor microenvironment regulate tumor growth. The 
relative concentrations of these stimulators and inhibitors determine endothelial cell phenotype, 
with the change from a quiescent to angiogenic phenotype referred to as the “angiogenic 
switch.” The tumor vasculature also provides tumor cells with a pathway through which to enter 
the circulation and metastasize.  

In metastasis the cancer cells migrate from their origin to other parts of the body, via 
either the bloodstream or lymphatic system. Migration and invasion of tumor cells are promoted 
by the loss of interaction of adherens junctions with the cytoskeleton, subsequent changes in the 
activities of Rho family small GTPases (most prominently Rac1, Cdc42, and RhoA), and the 
concomitant reorganization of the actin cytoskeleton (Noren et al., 2000 and Sahai et al., 2002). 
Among the factors influencing invasion, which affects whether or not a tumor will metastasize, 
are matrix metalloproteinase (MMPs) and ICAM-1. MMPs (specifically MMP2 and MMP9) are 
endopeptidases that degrade the basement membrane components separating the cells from their 
surrounding tissue and enabling them to move freely and spread to other tissues (Noujaim et al., 
2002).  

Vascular endothelial growth factor (VEGF) plays a unique role in physiological and 
pathological angiogenesis. VEGF promotes endothelial cell proliferation and migration, 
increases vascular permeability and inhibits apoptosis of endothelial cells lining newly formed 
vessels. There are numerous splice isoforms of VEGF that bind with varying degrees of affinity 
to VEGF receptors (VEGFR) on the surface of endothelial cells. Most of the angiogenic effects 
attributed to VEGF are a result of activation of VEGFR-2, which signals through the 
phosphatidyl-inositol 3 kinase (PI3K)/Akt pathway (Zachary, 2003).  

A few chalcones derived from natural sources have been shown to inhibit tumor cell 
invasion and metastasis by targeting one or more molecules (Table 1). Butein induces down-
regulation of MMP-9 gene in human leukemia cells in vitro (Pandey et al., 2007). The different 
compounds, kanzonol C, 4-hydroxylonchocarpin, paratocarpin, stipulin and dorsamanin A, are 
potential, naturally-occurring antitumor drugs that inhibit MMP-2 secretion from brain tumor-
derived glioblastoma cells (Ngameni et al., 2006).  

Chalcones also have potential to inhibit tumor angiogeneis, an important consideration 
because the growth of human tumors and development of metastases depends on the de novo 
formation of blood vessels (McMahon, 2000). These vessels enhance tumor growth by 
providing oxygen and nutrition. They also help tumor cells to migrate, invade, and metastasisze. 
Inhibition of the VEGF tyrosine kinase signaling pathway blocks new blood vessel formation in 
growing tumors, leading to stasis or regression of tumor growth. Xanthoangelo inhibits tumor-
induced neovascularization, inhibiting the formation of capillary-like tubes by vascular 
endothelial cells and inhibiting the binding of VEGF to vascular endothelial cells.  

Recently, the molecular docking study of chalcone derivate i.e. 3 - (4'-hydroxy-3'-
methoxyphenyl)-1-phenyl-2-propene-1-on showed that the binding energy of this compound 
with VEFGR (2P2I) almost had the same energy binding compared with ATP binding on 
VEFGR. Docking results between these compounds with the target protein VEGFR tyrosine 
kinase receptor showed the similarity of amino acids involved in their interaction (figure 3). It is 
expected this compound has potential as a cancer chemopreventive agent especially as anti 
angiogenesis (Arianingrum et al., 2013). 
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Figure 4 .  Interaction of 3 - (4'-hydroxy-3'-methoxyphenyl)-1-phenyl-2-propene-1-on (A) and 

ATP (B) with VEGFR (2P2I), showed the similarity of amino acid involved in their 
interaction (marked with boxes).  

Structure Activity Relationship of Chalcones 
Chalcone compounds have ortho- (i.e. 2′, 3′- and 3′,4′-) and para- (i.e. 2,5′-) 

substitutions. Chalcones possess conjugated double bonds and a completely delocalized Π-
electron system on both benzene rings. Molecules possessing such a system have relatively low 
redox potentials and have a greater probability of undergoing electron transfer reactions. The 
basic structure of chalcone (1,3-diphenyl-2-propenone) has NF- κB inhibitory activity at the 
concentration of 50 μM (Shen et al., 2007).  

Chalcones with substituents that increase the electronic density of the B-ring, such as 
methoxy, butoxy or dimethylamine groups, did not show significant activity in the inhibition of 
the nitrite production. The B- ring has a flexible ring structure and can easily convert cis-
chalcone to trans-chalcone or vice versa. Because of this reason, some of the chalcones that 
have a single substitution at the B-ring, like xanthohumol, isoliquiritigenin, butein, cardamonin, 
2′,5′-dihydroxy-4- chloro-dihydrochalcone, work best at higher concentrations (Israf et al., 
2007); Pandey et al., 2007; Harikumar et al., 2009; Huang et al., 2001; Kumar et al., 2007). At 
the same time some natural and synthetic chalcones with trimethoxy in the B-Ring act by 
inhibiting nitrite production. If there is trimethoxy chalcone at the A-ring with fluoro, chloro, 
bromo substitution in on the B-Ring, like 2′-hydroxy-3-bromo-6′-methoxychalcone, 2′- 
methoxy-3,4-dichlorochalcone, Flavokawain A, or Flavokawain B, then they are better 
inhibitors of NF-κB (Folmer et al., 2006 and Kim et al., 2007).  

Srinivasan et al (2009) synthesized chalcones with trimethoxy substitutions in the A-
ring and hydroxyl substitutions in the B-ring. They found that the synthetic compound 1, 2, 3, 
and 4 inhibited NF-κB even at lower concentrations between 1-8 μM. All the chalcones showed 
NF-κB inhibition containeda highly electrophilic α,β-unsaturated carbonyl moiety. This α,β-
unsaturated carbonyl moiety can act as an electrophile and react with free sulfhydryl groups of 
thioredoxin and cysteine residues in proteins . Foresti et al (2005) and Srinvisan et al (2009) 
indicated that electrophilic phytochemicals could give rise to thiyl radicals leading to alkene 
reduction through a covalent Michaelis addition of nucleophiles, such as SH from cystin from 
DNA, which binds to NF-κB.  

 

Docking score energy: -86.9007 Docking score energy: -86.9007 

A B 
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CONCLUSION AND SUGGESTION 
From the above review, it can be said that chalcones and their derivatives display a wide 

range of anticancer activities in particular to their role in suppression of NF-κB-mediated 
inflammation and cancer. Chalcones are easy to synthesize, further enrich the structural 
diversity of the template through the introduction of features normally associated with ligand-
receptor interaction, namely hydrophobic groups, hydrogen bond donor and acceptor features. 
Chalcones are highly multifunctional and thus are promising as agents in the treatment of cancer 
because of their ability to block the NF-κB activation, induce apoptosis, and to inhibit 
proliferation, invasion, metastasis and angiogenesis. So these natural and synthesic chalcones 
may serve as lead compound for cancer drug development. 
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Abstract 
 
Electrocoagulation of detergent wastewater using aluminium wire netting electrode has 
been carried out. The electrocoagulation method was performed in a two electrodes 
system using aluminium wire netting as an anode and cathode electrode. Detergent 
wastewater is characterized by chemical oxygen demand (COD) concentrations and 
absorption spectra using spectrophotorometer UV-Visible. Electrocoagulation is carried 
out in electrochemical cell containing 100 mL detergent wastewater, without supporting 
electrolyte. In this study electrocoagulation of detergent using applied voltage 5, 10, 15 
and 20 Volt with various electrolysis time. The result, of the study showed aluminium 
wire netting electrode has higher degradation of detergent wastewater.  
 
Keywords: electrocoagulation, detergent, waste water, aluminium wire netting 

 
 
INTRODUCTION 

Water pollution with detergents, is of great importance to satisfy the increasing demands 
for water for various uses. These detergents compounds do not decompose or degrade in aquatic 
systems. These detergents are very harmfully and toxic. The accumulation of some detergents in 
waste water represents a serious environmental problem. The removal of detergents from 
aqueous solutions is very important from the environmental point of view (El-Said 2004).  

Detergents are substances or preparations containing soaps or other surfactants intended 
for water based laundry or dishwashing processes. Detergents may be used in any form (liquid, 
powder, paste, bar, cake, molded piece, shape, etc.), widely for household laundry products, 
domestic and industrial cleaners, cosmetic products, and industrial purposes. Surfactants are 
organic substances, used in detergents, intentionally added to achieve cleaning, rinsing and/or 
fabric softening due to its surface-active properties (Bruns and Jelen 2009). They consist of one 
or more hydrophilic and hydrophobic groups of such nature and size that they are capable of 
forming micelles Surfactants belong to a group of chemicals of high environmental relevance 
due to their large production volumes. They are mainly discharged into the environment by the 
wastewater pathway, either after treatment in a wastewater treatment plant or directly where no 
treatment system is available. Environmental compartments which may be influenced by 
surfactants are the freshwater environment (water body and sediment), the soil if surfactant-
loaded sewage sludge is added, and the marine environment (Bruns and Jelen 2009). Surfactants 
are widely used for domestic and industrial purposes, primarily as detergents in cleaning 
applications. 
  Surfactants removal operations involve processes such as chemical and electrochemical 
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oxidation (Lissens, et al., 2003; Mozia, et al., 2005), membrane technology (Sirieix-Plénet, et 
al., 2003; Kowalska, et al., 2004; Fernández , et al., 2005), chemical precipitation (Talens-
Alesson, et al., 2002), photocatalytic degradation (Ohtaki, et al., 2000; Zhang, et al., 2003), 
adsorption (Ogita, et al., 2000; Lin, et al., 2002; Adak, et al., 2005) and various biological 
methods (Dhouib, et al., 2003; Chen, et al.,2005). Among the currently employed chemical unit 
processes in wastewater treatment, coagulation-flocculation has received considerable attention 
for yielding high pollutant removal efficiency. This process can be directly applied to 
wastewaters without being affected by the toxicity in the wastewater and can constitute a 
simple, selective and economically acceptable alternative. 

Electrochemical technologies such as electrolysis have been successfully employed for 
the treatment of many wastewaters on an industrial scale, for example, oil and grease (O&G) 
containing wastewaters. The electrochemical technologies have reached such a state that they 
are not only comparable with other technologies in terms of cost but also are more efficient and 
more compact (Dae et al. 2013). The electrochemical oxidation of detergent to CO2 occurs 
without chemical agent and with a significant rate the potential region of oxygen evolution. It is 
commonly assumed that electrogenerated hydroxyl radicals are very active in the degradation of 
organic molecules. This species is the most powerful oxidant in water.  

This paper reports a study of the electrocoagulation of detergent wastewater.  
Electrochemical degradation of organic pollutants, presence in the wastewater needs specific 
electrodes (Aboulhasan et al. 2006). Electro coagulation experiments on detergent were carried 
out with aluminium wire netting electrode. Electrocoagulation involves the in situ generation of 
coagulants by dissolving electrically either aluminum or iron ions from aluminum or iron 
electrodes, respectively. The metal ions generation takes place at the anode, hydrogen gas is 
released from the cathode. The hydrogen gas would also help to float the flocculated particles 
out of the water. This process sometimes is called electroflocculation (Songsak, 2006). 
 
EXPERIMENTAL 

 
Materials 
All solutions were prepared by dissolving their analytical grade reagent (Merck) in deionised 
distilled water. AWN electrodes (Aldrich Chemical Company) and H2SO4 from Merck was used 
for preparation of an AWN electrode. All solutions for COD analysis were prepared from Merck 
using deionised distilled water.  
 
Sampling procedures 
Samples of effluent are collected from domestic laundry wastewater in Sleman, Yogyakarta, 
Indonesia. The generated effluent is discharged into the sea without any treatment. Sampling of 
the detergent wastewater is carried out according to standard methods for the examination of 
wastewater. 
 
Electrode preparation 
A metal electrode made of aluminium was used, and the length of each electrode with a width of 
10mm was 10mm. Electrodes are made as tube (Figure 1B for anode and 1C for cathode), so as 
to have more surface area.  
 
Electrochemical measurements 
Electrochemical measurements were carried out in a two electrode using DC Power Supply. 
Aluminium wire netting electrodes were used as anode and cathode electrodes with difference 
size electrode (Figure 1B and 1C).  The electrochemical process of detergent wastewater was 
performed at room temperature (without electrolyte). The electrochemical coagulation studies 
by potential constant were performed in 100 mL capacity glass electrochemical cell. The 
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experiments were performed in a two electrodes system using AWNE as a anode and cathode 
electrode. 
 
Analytical procedures 
The detergent wastewater degradation results were analyzed using Spectrophotometer UV-
Visible Hitachi U-2010 at wavelength 200-400 nm. The chemical oxygen demand (COD) was 
determined by common photometric tests using Spectrophotometer UV-Visible Hitachi U-2010 
according to Standard Methods (SNI 6989.2-2009).  
 
RESULT AND DISCUSSION 
 

 
 

Figure 1. Physical structure of Aluminium Wire Netting Electrode (AWNE) of electrode surface 
(A); anode (B) and cathode (C) 

 
Figure 1 showed type of aluminium used in studies is woven mesh or aluminium wire netting 
(AWN). Woven mesh was more effective in increasing current than expanded mesh and solid 
electrode (Yimin et al. 2010). The larger current per applied voltage produced by AWNE result 
from larger active surface areas than those calculated or different effects of structures on electro 
coagulation of detergent. Based on superior performance of the aluminium woven mesh, solid 
electrode was not examined in further studies. According to (Yimin et al. 2010), the impact of 
mesh configuration on current was further examined through correlations between mesh 
number, wire diameter, pore size and surface area and current densities. In this analysis, larger 
correlation coefficients indicate the factor to be more relevant to variations in current 
generation. Electrodes are made as tube (Figure 1B and 1C), so as to have more surface area.  

(C
) 

(B
) 

(A
) 
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Figure 2. Schematic diagram of electrocoagulation system 

The electrocoagulation system in this study is comprised of three parts: reactor for 
electrolysis, power supply, and AWN electrode in Figure 2. The electrolysis reactor consists of a 
total liquid volume of 200 mL. Reactor for electrolysis was composed of a cathode and anode. 
The electrode gap between the cathode and anode was 1.0 cm. A metal electrode made of 
aluminium was used, and the length of each electrode with a width of 10 mm was 10 mm. The 
continuous electrolysis system was designed to adjust the potential constant.  The electrolysis 
experiment was performed under constant voltage of 5-20V. DC power supply was used in the 
system. 

Figure 3. showed of scheme of electrocoagulation organic compounds using Al anode. 
The Al3+ or Fe2+ ions are very efficient coagulants for particulates flocculating. The hydrolyzed 
aluminum ions can form large networks of Al–O–Al–OH that can chemically adsorb pollutants. 
Aluminum is usually used for water treatment and iron for wastewater treatment (Comninellis 
1994). The advantages of electrocoagulation include high particulate removal efficiency, 
compact treatment facility, relatively low cost and possibility of complete automation. The 
chemical reactions taking place at the anode are given as follows (Songsak, 2006).  
For aluminum anode: 

Al → Al3+ + 3e−       (1) 
At alkaline conditions 

Al3+ + 3OH− → Al(OH)3      (2) 
At acidic conditions 

Al3+ + 3H2O → Al(OH)3 + 3H+      (3) 
In addition, there is oxygen evolution reaction 

2H2O → O2 + 4H+ + 4e−      (4) 
The reaction at the cathode is 

2H2O + 2e− → H2 + 2OH−      (5) 
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Figure 3. Scheme of electrocoagulation, modified from Den and Huang (2005) 
 

 
Figure 4. UV scan results at 200–400nm of the electro coagulation at different electrolysis time, 

with aluminium wire netting electrode of: (A) 10 Volt (B) 15 volt and (C) 20 volt. 
 
 

Figure 4. showed UV scan results of selected electrolysis runs at a potential of 10, 15 
and 20 Volt. It can be concluded that electrocoagulation of the detergent took place from the 
disappeared peak of 240 nm in the electrolysis process. Electrolysis then stopped at different 
stages with various carboxylic acids. These results showed that high efficiency both for phenol 
oxidation to benzoquinone, and benzoquinone oxidation, which is related to the aromatic rings 
opening can be obtained on anodes (Dae et al. 2013).  
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Figure 4A, showed a maximum decrease of absorbance with electrolysis time 60 
minutes. While, Figure 4B, showed a significant decrease at electrolysis time 15 minutes. The 
decline occurred only up to 45 minutes. Based on Figure 4, the optimum conditions of 
wastewater electrolysis at potential and electrolysis time are 15 Volt and 45 minutes, 
respectively. The longer of the contact time of the wastewater with electrodes will be the 
efficiency removal. The ability of the aluminium electrode in detergent wastewater is limited so 
despite prolonged contact time. The effect of the formation of Al(OH)3 at the anode surface will 
be cause covered electrode surface.  In addition, the reaction at the anode is also inhibited so 
that the oxygen binding of surfactant alkyl benzene is also reduced. Decreased surfactant as an 
organic compound can be determined by analysis of wastewater COD. Although not very 
accurate to say so, but examination of COD had to know include organic ingredients. The 
chemical oxygen demand (COD) was determined by Spectrophotometer UV-Visible Hitachi U-
2010 according to SNI 6989.2-2009.  

 

 
Figure 5.  Percent degradation after electrocoagulation of detergent wastewater with various 

electrolysis time and potential at 10 Volt (A), 15 Volt (B) and 20 Volt (C) 
 

Table 1. Results of the COD determination experiments performed before and after 
electrocoagulasi with electrolysis time 60 minutes 

Detergent Wastewater Potential (Volt) COD (mg/L)* 

Initial Detergent Wastewater 0 2270 

After electrolysis  10 407 

After electrolysis  15 523 

After electrolysis  20 587 

*Average of three determinations 
 
The chemical oxygen demand (COD) is used as a measure of the oxygen equivalent of the 
organic matter content of a sample that is susceptible to oxidation by a strong chemical oxidant. 
For samples from a specific source, COD can be related empirically to BOD, organic carbon, or 
organic matter (Songsak, 2006).  Table 1 showed the electrocoagulation studies performed to 
good chemical oxygen demand (COD) removals. The specific removals in COD are very 
dependent on the time necessary to perform the electrocoagulation and, in general, the 
electrocoagulation times increased with stirring. For the applied current densities, and since the 
initial COD contents of the samples were high, the degradation process, apart from the final 
stage of the assays with UP samples, must be controlled by current. The values of COD showing 
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that, in fact, they performed anodic oxidations must have been controlled during most of the 
assay by current. The electrocoagulation of laundry wastewater using aluminum electrodes, 
maximum percent degradation and COD are 57.78% and 82.07%, respectively (Figure 5).  
 
CONCLUSIONS 
According to the obtained results, the application of combined electrochemical techniques, 
namely electrocoagulation is very good for degradation of laundry wastewater.  The combined 
treatment, COD removals for laundry wastewater samples were always higher than 82%. In 
general, the use of stirring increases the time needed to start, with a visible rate, the precipitation 
of the flocs formed in the electrocoagulation. On the other hand, the electrocoagulation time is 
reduced by an increase in the applied potential, due to a higher rate of aluminium oxidation. The 
result of the study showed aluminium wire netting electrode has higher degradation of detergent 
wastewater. The electrocoagulation of laundry wastewater using aluminum electrodes, 
maximum percent degradation and COD are 57.78% and 82.07%, respectively. 
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Abstract 
Synthesis of NaZSM-5 and impregnation of K3PO4 catalyst with concentration 5, 10, and 
15 wt.% on the resulting NaZSM-5 as a catalyst to produce biodiesel have been done in 
this study. This study is an experimental study, the research stages include the synthesis 
and characterization NaZSM-5 and K3PO4/NaZSM-5. Characterization by X-Ray 
Diffraction (XRD) was conducted to determine the X-ray diffraction patterns and the 
percentage crystallinity of the samples. X-ray diffraction pattern of the resulting sample 
showed the emergence of diffraction peaks with high intensity at 2θ = 7.8; 8.8; 23.0; 23.2, 
and 24.3° are specifically indexed to the structure of the MFI topology. The percentage 
crystallinity of the sample becomes smaller with increasing number of K3PO4 
impregnated on NaZSM-5 synthesis. Characterization of the samples by Fourier 
Transform Infra Red (FTIR) aims to determine the type of functional groups present in a 
compound. FTIR spectra of samples NZ, NZK5, NZK10 and NZK15 have absorption 
bands in the region 1220 and 547 cm-1 which shows the absorption characteristics of 
vibration T - O - T on NaZSM-5 type zeolite which distinguish the other and sensitive to 
changes in structure. The results of characterization using XRD and FTIR showed that 
the structure of NaZSM-5 remained unchange after impregnated with K3PO4. 
 
Keyword: K3PO4/NaZSM-5, the diffraction pattern, the percentage crystallinity,    

                                   absorption characteristics 
 
 
INTRODUCTION 

Biodiesel, a mixture of fatty acid alkyl esters, has been developed as one of the most 
promising alternative fuel for fossil fuels regarding the limited resources of fossil fuels and the 
environmental concerns [1]. Almost all commercial biodiesel is currently produced by using 
homogeneous catalyst (i.e., KOH, NaOH and H2SO4). Even though homogeneous catalyzed 
biodiesel production processes are relatively fast and achieve high conversions, the removal of 
the homogeneous catalyst after reaction may be a significant problem. This is a concern, since 
aqueous quenching causes the formation of stable emulsions and saponification, making 
separation of alkyl-esters difficult, resulting in the generation of large amounts of waste water, 
and  need a high cost in operation especially for waste water treatment [1-3]. For this reason, 
heterogeneous catalyst is likely to be used replacing homogeneous catalyst in the near future.  

Heterogeneous base catalysts are more effective than acid catalysts and enzymes. From 
the economic standpoint, it would be ideal if solid base catalysts could work efficiently at 
temperatures below 150oC and low pressure. On the other hand, solid acid catalysts, enzymes 
and non-catalytic supercritical transesterification have been largely ignored in biodiesel research 
due to pessimistic expectations in terms of reaction rates, undesirable side reactions and high 
costs [4]. 
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Several heterogeneous base catalysts that used for biodiesel production are ZnO-
Al2O3/ZSM-5 yield 99,00% [2], K3PO4 yield 97,30% [5], KF/Ca-Al hidrotalcite yield 97,14% 
[6], Mg/MCM-41 yield  85,00% [7], KI/silika mesopori yield 90,09% [3]. In this experiment, 
K3PO4 is chosen as catalysts because yield of biodiesel 97,30%, relatively insoluble in methanol 
and oil [5]. NaZSM-5 supported K3PO4 were prepared by impregnation. Thus the aim of this 
work is to evaluate character of NaZSM-5 and K3PO4/NaZSM-5 by XRD and FTIR. 
 
RESEARCH METHOD 
 
Synthesis 
 

The NaZSM-5 crystals were prepared by procedure similar to that described by 
Khalifah [8]. The seeding gels were prepared by dissolving 1.28 gram sodium aluminate in a 
solution (12.6 mL TPAOH and 62.5 mL water). After its complete dissolution, 28.2 ml TEOS 
was added in a solution. This solution  was stirred for 15 min and heated at 60 oC for 6 h. After 
gel formed, was added 11.952 gram CTABr little by little and was stirred until its complete 
dissolution. Subsequently the crystallisation of the seeding gels was carried out using autoclave 
for 24 h at 150 oC. Finally the solid was separated by filtration, washed with distilled water until 
pH neutral and dried, firstly for 24 h at 60 0C and subsequently for 24 h at 110 0C. The occluded 
surfactant (CTA+) and the organic template (TPA+) were removed by calcination in air at 550 oC 
for 10 h.  

The K3PO4 solution was impregnated on NaZSM-5 by impregnation with concentration 
of K3PO4 at 5, 10, and 15 wt.%. The catalyst was dried at 110 °C for 24 h followed by calcining 
at 550 °C for 10 h so that produce K3PO4/NaZSM-5 catalyst. The resulting NaZSM-5 and 
K3PO4/NaZSM-5 catalyst with concentration of K3PO4 at 5, 10, and 15 wt.% are labeled NZ, 
NZK5, NZK10 and NZK15. 

 
Characterisation 
 

The X-ray diffraction patterns and the percentage of crystallinity of NZ, NZK5, NZK10 
and NZK15 were characterized by Phillips Expert X-Ray Diffraction (XRD) with Cu K 
radiation (40 kV, 30 mA) at scale  2θ  =  5-40o and rate of scan 0,04 o/second. The infrared 
spectra were recorded using the KBr pellets and Shimadzu Instrument Spectrum One 8400S 
Fourier Transform Infrared (FTIR) Spectrometer in the range between 4000 and 400 cm-1. 
 
RESULT AND DISCUSSION 
 
X-ray Diffraction 
 

The X-ray diffraction pattern of K3PO4, the resulting samples (NZ, NZK5, NZK10 and 
NZK15) and ZSM-5 was producted by Zhu et al. [9]  are shown in Fig. 1. The XRD pattern of 
the resulting sample showed the emergence of diffraction peaks that similar with high intensity 
at 2θ = 7.8; 8.8; 23.0; 23.2, and 24.3°. 

 
This XRD resulting is similar as the XRD patterns of  ZSM-5 was reported by Zhu et al. 

[9] with high intensity at 2θ = 7.8; 8.8; 23.1; 23.4, and 24.4° are specifically indexed to the 
structure of the MFI topology. On the basis of this characterization, NZ, NZK5, NZK10 and 
NZK15 included the structure of the MFI topology and not be found the another ZSM-5 type.  
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Fig. 1 also show diffraction pattern of the K3PO4 with high intensity at 2θ = 31.80. The 
presence of K3PO4  impregnated on NaZSM-5 does not show new peak of K3PO4 at NZ, NZK5, 
NZK10 and NZK15, suggesting that the structure of NaZSM-5 is not destroyed during the 
process of catalyst preparation and K3PO4 has well dispersed on NaZSM-5. Zhang et al. [10] 
observe nothing diffraction peak of PtSnNa catalyst after impregnated on ZSM-5, suggesting 
that the structure of ZSM-5 is not destroyed during the process of catalyst preparation. Some 
parts of Na+ and Sn4+ could enter the zeolite main channels, while Pt particles were located 
mainly on the external surface of the zeolite. 

Fig. 1. The X-ray diffraction pattern of K3PO4, the resulting samples (NZ, NZK5, NZK10  
 and NZK15) and ZSM-5 was producted by Zhu et al. [9] 
 
The intensities of NaZSM-5 characteristic peaks were decreasing caused by increasing 

of K3PO4 concentration. The phenomenon decreasing of the intensities of ZSM-5 characteristic 
peaks also reported by Kim et al. [2] after ZnO-Al2O3 and SnO-Al2O3 was impregnated on 
ZSM-5. 

Table 1 show relationship percentage crystallinity with percentage K3PO4 impregnated 
on NaZSM-5, that calculated based on intensity main peak at 2θ = 23° using highest intensity 
sample (NaZSM-5) as comparator standard that assumed has percentage crystallinity = 100. The 
percentage crystallinity of the samples becomes smaller with increasing number of K3PO4 
impregnated on NaZSM-5 synthesis. 

 
Table 1. Relationship percentage crystallinity with percentage K3PO4 impregnated on NaZSM-5 

Sample 2θ Intensity, I I/Io % Crystallinity 
NZ 23.10 376.70* 1.00 100 

NZK5 23.00 334.18 0.89 89 
NZK10 23.01 314.18 0.83 83 
NZK15 23.00 271.50 0.72 72 

* comparator standard (Io) 
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FTIR Spectra 

 
FTIR spectra between 400–1300 cm-1 of K3PO4 and the resulting samples (NZ, NZK5, 

NZK10 and NZK15) are shown in Fig. 2. In this range all resulting samples possess one broad 
band at 1000–1200 cm-1, and three bands around 795, 547, and 455 cm-1. FTIR spectra of 
samples NZ, NZK5, NZK10 and NZK15 have absorption bands in the region 1220 and 547 cm-1 
which shows the absorption characteristics of vibration T-O-T on NaZSM-5 type zeolite which 
distinguish the other and sensitive to changes in structure. 

Fig. 2. FTIR spectra of K3PO4 and the resulting samples (NZ, NZK5, NZK10 and NZK15) 
 
Traditionally [8,11], the bands in the range at around 1000–1200 and 455 cm-1 are 

attributed to the structure insensitive internal tetrahedron asymmetric stretching vibrations T-O-
T and bending vibrations Si-O-Si, respectively. The band at around 795 cm-1 can be attributed to 
both structure insensitive internal tetrahedron and structure sensitive external tetrahedron 
symmetric stretching vibrations Si-O-Si. The structure sensitive band, appearing in the presented 
spectra around 547 cm-1, is attributed to five-ring units in the structures of pentasil zeolites like 
ZSM-5 (Table 2).  

FTIR spectra of K3PO4 have absorption bands in the region 1396, 1000 and 551 cm-1. 
The bands at 1396 and 879 cm-1 is attributed to vibrations of carbonate ion from CO2 gas 
adsorbed by K3PO4 [12-14]. The bands at 1000 and 551 cm-1 is attributed to stretching vibrations 
and bending vibrations of phosphate ion on K3PO4 [12].   

Building on FTIR spectra, the presence of K3PO4  impregnated on NaZSM-5 does not 
show new bands of K3PO4 at NZ, NZK5, NZK10 and NZK15. So, the analysis resulting of 
characterization using XRD and FTIR show that the structure of NaZSM-5 remained unchange 
after impregnated with K3PO4. 
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Table 2. Wave number of of K3PO4, ZSM-5 and the resulting samples  
                                 (NZ, NZK5, NZK10 and NZK15) 

Bands 

Wave number (cm-1) 
Absorption 

characteristics K3PO4 
ZSM-5 

Gonçalves, et al 
[11] 

NZ NZK 5 
NZK 
10 

NZK 
15 

V1 1396 - - - - - 
Vibrations of 
carbonate ion 

V2 1014 - - - - - 
Stretching 

vibrations of 
phosphate ion  

V3 879 - - - - - 
Vibrations of 
carbonate ion 

V4 551 - - - - - 
Bending vibrations 
of phosphate ion  

V5 - 1220 1222 1219 1215 1215 

Structure 
insensitive internal 

tetrahedron 
asymmetric 
stretching 

vibrations T-O-T  

V6 - 1100 1103 1103 1099 1099 

Structure 
insensitive internal 

tetrahedron 
asymmetric 
stretching 

vibrations Si-O-T 

V7 - 795 802 795 795 795 

Structure 
insensitive internal 

tetrahedron and 
structure sensitive 

external tetrahedron 
symmetric 
stretching 

vibrations Si-O-Si  

V8 - 546 547 547 548 548 
Five-ring units in 
the structures of 

pentasil 

V9 - 450 455 455 459 459 
Bending vibrations 

Si-O-Si 
 

CONCLUSION AND SUGGESTION 
 

Characterization by XRD and  FTIR of the NaZSM-5 and K3PO4/NaZSM-5 catalyst 
with concentration of K3PO4 at 5, 10, and 15 wt.% was investigated. The XRD pattern of the 
resulting sample (NZ, NZK5, NZK10 and NZK15) showed the emergence of diffraction peaks 
that similar with high intensity at 2θ = 7.8; 8.8; 23.0; 23.2, and 24.3° that are specifically 
indexed to the structure of the MFI topology and not be found the another ZSM-5 type. The 
percentage crystallinity of the sample becomes smaller with increasing number of K3PO4 
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impregnated on NaZSM-5 synthesis. FTIR spectra of resulting samples  have absorption bands 
in the region 1220 and 547 cm-1 which shows the absorption characteristics of vibration T-O-T 
on NaZSM-5 type zeolite which distinguish the other and sensitive to changes in structure. The 
analysis resulting of characterization using XRD and FTIR show that the structure of NaZSM-5 
remained unchange after impregnated with K3PO4. 
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Abstract 

 
The adsorption rate constant and capacities for the removal of Pb(II)  from synthetic 
wastewater  using chitosan silica were investigated. The adsorption kinetics model is 
used to determine the rate of adsorption is the order of the one nearing equilibrium and 
pseudo second-order. The results showed that the metal ion adsorption of Pb(II) reaches 
equilibrium at the 60 minute interaction  by chitosan-silica bead. Adsorption kinetics 
model that is suitable for both the pseudo second-order rate constants. The adsorption 
followed the Langmuir and  Freundlich  isotherms but could best be approximated with 
the Langmuir model. 
   
Key words: adsorption, Pb(II), chitosan silica 

 
  

INTRODUCTION 
 

Water is an essential matter to human and other living organisms. Water is polluted in 
many ways like effluents from leather and chemical industries, electroplating industries and dye 
industries. Effluents from textile, leather, tannery, electroplating, galvanizing, pigment and 
dyes, metallurgical and paint industries and other metal processing and refining operations at 
small and large-scale sector contains considerable amount of toxic metal ions (Bradbury, M. H., 
& Baeyens, B.,2002). These toxic metals ions are not only potential human health hazards but 
also to other life forms .Although individual metals exhibit specific signs of their toxicity, the 
following have been reported as general signs associated with cadmium, lead, arsenic, mercury, 
zinc, nickel, copper and aluminium poisoning: gastrointestinal (GI) disorders, diarrhoea, 
stomatitis, tremor, heamoglobinuria causing a rust–red colour to stool, ataxia, paralysis, 
vomiting and convulsion,depression, and pneumonia when volatile vapours and fumes are 
inhaled . Several methods have been used to purify the water like sedimentation, filtration, ultra 
filtration, precipitation, ion exchange, electro coagulation, electro dialysis, and reverse osmosis 
in cleaning wastewater .Hence, the disadvantages associated with traditional methods of heavy 
metal removal like incomplete metal removal, high energy requirement, generation of toxic 
sludge and other waste products have made it important to look of other cost-effective treatment 
methods(Chiou  & Li, 2004) .Moreover, traditional methods of heavy metal removal are not so 
efficient when metals are present in concentrations less than 100mg/L. Hence, attention is being 
focused to the development of alternative methods of heavy metal removal like bioremediation. 
One of such processes is adsorption (Kalyani, S., et.al., 2009).Chitosan derivatives have been 
extensively investigated as adsorbents (Amit & Mika, 2009). Among them are chitosan 
derivatives containing nitrogen, phosphorus and sulfur as heteroatoms, and other derivatives 
such as chitosan crown ethers and chitosan ethylenediaminetetraacetic acid 
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(EDTA)/diethylenetriaminepentaacetic acid (DTPA) complexes (Varma, Deshpande, & 
Kennedy, 2004). Recently, chitosan composites have been developed to adsorb heavy metals 
and dyes from wastewater. Different kinds of substances have been used to form composite with 
chitosan such as montmorillonite (Wang &Wang, 2007), polyurethane (Won, Lee, Jeong, Min, 
& Lee, 2009), activated clay (Chang & Juang, 2004), bentonite (Wan Ngah, Ariff, & Hanafiah, 
2010), poly vinyl alcohol, poly vinyl chloride, kaolinite (Zhu, Jiang,& Xiao, 2010), oil palm ash 
(Hameed, Hasan, & Ahmad, 2008) and perlite (Kalyani, Ajitha, Srinivasa, & Krishnaiah, 2005). 
In this research chitosan modified with silica, this composites have been proven to have better 
adsorption capacity and resistance to acidic environment. 

.  
RESEARCH METHOD 
 
Materials 
Silica gel (100–200 mesh size); chitosan was supplied by IndoChem.,Indonesia. Glutaraldehyde 
 was obtained from Shanghai Shengong Bioengineering Corp. All other chemicals used in the 
experiment were in analytical grade. 
 
Preparation of chitosan - silica gel beads blend 

Chitosan and glutaraldehide mixed solutions were prepared by dissolving 500 mg 
chitosan and glutaraldehid 5% in  acetic acids solution. Ten grams silica gel (75–100 _m) was 
added into the solution and immersed overnight before drying in vacuum condition. The 
chitosancoated gel was suspended in dimethylsulphoxide (DMSO) and stirred vigorously in a 
flask. After dissipation, NaOH was added until pH reached above 10.0. The macrospores on the 
bead surface, filtered the solution. After thoroughly washed with pure water, the cross-linked 
matrix with some active aldehide groups was shaken in a 0.85M ammonia solution at 60 ◦C for 
4 h. Then, the matrix was washed with purewater to remove the residual ammonia. 

 
Adsorption Pb(II) in variation contact time 
 

The kinetic experiments were carried out in a batch-type for using a 50-mL Erlenmeyer 
in shaker at room temperature. The  volume of the solution of the  reacting suspension was 10 
mL, the initial Pb(II) ion concentration was 100 mg/L, the  pH 5.0, and to each solution 10 mg 
chitosan-silica as added and then stirred continuously. At a selected time period, the sample was 
immediately filtered  membrane filter and the concentration of Pb(II) remaining in the 
supernatant was analyzed using AAS. Sample and blank solutions were analyzed under the 
same condition. The amount Pb(II) sorbed was considered to  the difference between the initial 
and the remaining amount of Pb(II) in the reacting solution. From the data obtained,  the value 
of sorption and desorption rate constants were then calculated based on the assumption that the 
sorption obeyed. The data obtained was then analyzed using two different adsorption kinetics 
models, i.e pseudo-second order Ho and first order reaching equilibrium proposed here. 
 
Adsorption capacity and energy  

As much as 10 mg of chitosan-silica was interacted with and stirred in 10 mL of solu 
tions containing the various concentrations of 50, 100, 150, 200, 250, 300, 500, and 1000 mg/L 
Pb(II) for as long   as 1 h. After separating the supernatants, the concentrations of Pb(II) in the 
supernatant were determined using AAS. Under the same condition with the sample solution,  
the blank solution was also analyzed. Based on the data obtained, the capacity (b) and 
equilibrium constant (K) of sorption was calculated based on the Langmuir isotherm sorption 
model, and the energy (E) of soprtion was then calculated from the equation of E = RTlnK  
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RESULT AND DISCUSSION 
 

Preparation of the metal chelating support was performed in three steps consisting of 
chitosan coating, crosslinking, and metal chelating. The interaction mechanism of silica with 
chitosan has been described ( Dewi, Rifa ). The cross-linking by the glutaraldehide molecules 
could increase the stability of the coated chitosan layer. Some loss of the primary amino groups 
in cross-linking step could be recovered by amination of the residue aldehyde groups. BET 
analysis  showed that specific surface area was 26.89m2/g and pore volume was 0.2063mLg−1 
with macroporous structure (pore diameter ≥50 nm, 67.8%). The low pore volume might be 
ascribed to the special interconnected porous structure formed by the chitosan layer on the 
surface. Such porous surface might favor the accessibility for the target macromolecular 
binding. The SEM analysis showed that morphology chitosan-silica more porous so that this 
adsorbent has adsorption capacity more biger than chitosan flake 

 
 

 
Fig. 1. SEM Chitosan –silica (a); Chitosan-silica-metal ion (b) 

 
Kinetics 
Figure 2 indicates the uptake of Pb(II) ions was increased as the contact time increases. The  
rapid removal of Pb(II) ion was noticed  with the contact time variation  from  30  to  240  mins,  
respectively.  This  is  because  at  the  early  stage,  more  number  of  potentially  active/vacant  
sites  is  available  for  adsorption.  As  the  contact  time  increases  maximum number of sites 
got adsorbed  to  the metal  ions. Hence  it  is difficult for  the metal  ion to search for the very 
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fewer remaining sites. Therefore rate of adsorption decreases in the later.   Hence 60  min  was  
found  to  be  an  equilibrium adsorption time. 
 

 

 
 

Fig 2. Effect interaction time on Pb(II) adsorption at chitosan silica 
 

The analysis data with kinetic model showed in table 1. That compared to kinetic model 
of first order adsorption reaching equilibrium, this type of kinetic model has been proven to 
posses lower correlation coefficient so that adsorption Pb(II) metal ions tend followed kinetic 
model Kinetic pseudo-second order Ho. 
 
Table 1  Adsorption rate constant and correlation coefficient for the adsorption of Pb(II) 
on chitosan-silica. 
Adsorbent kinetic model of first order 

adsorption reaching equilibrium. 
 

Kinetic pseudo-second order Ho 

 k1.10-3 
(min-1 ) 

  Q.  
(mol/L)-1 

R2 H 
(mg g-1 min-1 ) 

k2’.10-4  
 (g mg-1min-1) 

R2 

 
Chitosan-
silica beads 

 
 

5.1634 
 

 
 

12.3109 
 

 
 
0.7422 

 

 
 

0.0631 
 

 
 

8.0580 
 

 
 

0.9192 
 

 
 
Capacities and energy adsorption 
The Langmuir and Freuchlich isotherm adsorption model with the mathematical expression 
given below was used to determine the capacity (b) and equilibrium constant (K) of adsorption, 
and energy (E) adsorption was then calculated 

Langmuir isotherm model:  

c

b

bkm

c


1               (1) 

Freundlich isotherm model:  

C
n

Bm log
1

loglog         (2) 

where C, the equilibrium concentration in solution; b, Langmuir’s adsorption capacity; K, 
adsorption affinity; m metal adsorbed per g adsorbent at equilibrium; B, Freundlich’s adsorption 
capacity and n, constants. Fig 2 and 3 showed that adsorption Pb(II) on chitosan silica has 
different R2, from two models isotherm showed that this adsorption tend followed Langmuir 
isotherm model.  
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Fig 2. Linearitas Langmuir 

 
Fig 3. Linearitas Freunclich 

The Langmuir isotherm is designed for monolayer adsorption of a species on a homogeneous 
surface with adsorption energy is the same for all active site regardless of the degree of 
coverage. Adsorption Pb(II) on chitosan silica. Adsorption capacity Pb(II) metal ion for the 
chitosan silica  was 42.51 .10-4 mole/g, involving energies of adsorption in a 25.04  kJ/mole. 

 
 

CONCLUSION AND SUGGESTION 
This study has created a composite chitosan and silica for adsorbent Pb(II).SEM 

characterization results show that chitosan silica has the greatest pore size. The  adsorption 
capacity of chitosan-silica is equal 42.51 .10-4 mole/g, involving energies of adsorption in a 
25.04  kJ/mole with the adsorption rate following the pseudo second-order kinetics model.  
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Abstract 
 

 Non-fresh fish will have pH value (base) of meat greater than the fresh one.This 
is due to biochemical and microbial reactions taking place in post-mortem fish meat, thus 
producing base compounds such as ammonia, trimethylamine, and other volatile 
compounds.The present study is to disclose Intervention Effect of Liquid Smoke of 
Pyrolysis Result of Coconut Shell on the Profile of pH Fillet of Lates Calcarifer. 
 Concentration and optimum immersing duration of liquid smoke are determined 
by making optimum curve. By using concentration data and optimum immersing duration 
of liquid smoke, fillet Lates Calcarifer is immersed and drained for 2 hours at 40°C and 
then kept in freezer at 4°C until the sample will be analyzed every 2 days. 
 The result indicates that concentration and optimum immersing duration are 5% 
and 10 minutes, respectively and pH Fillet of Lates Calcarifer until the 10th keeping day 
does not bring about significant impact on the time. 
 
Keywords: Liquid smoke, Lates  Calcarifer, pH, concentration, soaking time 

 
 
Introduction 
 Fish meat is source of protein for a large number of people, but extremely breakable 
foodstuffs if compared with other animal meats. In tropical region, for example, with high 
temperature, fish usually begins to spoil after being captured (Berkel et al., 2004). Such 
condition is called as chemical and biological transformation since main components of fish are 
broken in enzymatic manner, a condition in which after the fish dies oxygen supply in its tissue 
is discontinued as the result of disruption in blood circulation system, malfunction of 
mitochondria system, and periodic shortage of adenosine triphosphate through various ATPase 
activities. Following the running out of creatine phosphate, anaerobic glycolysis keeps on 
growing some ATPs with final product of accumulated lactic acid. The initial loss of freshness 
results from autolytic enzyme of endogen in muscle and followed by spoilage due to microbial 
activity, particularly the rapid growth of specific spoilage organism (SSO). Interaction between 
microbe and reaction of physiochemical metabolism accelerate degradation of fish quality such 
as amine formation, lipid oxidation, protein degradation, which contributes to bad odor, and 
texture being softened (Hernandez et al., 2009). 
 Value of acidity degree (pH) is one of indicators in measuring the degree of fish 
freshness.  In fish spoilage process, change in pH of fish meat autolysis process and bacterial 
attack (Fardiaz, 1992). To Erikson and Misimi (2008) anaerobic reaction occurring after fish 
mortality will benefit ATP and glycogen as sources of energy, making the amount of ATP keep 
on decreasing resulting in that pH of fish body decreases and muscular tissue is unable to ensure 
its flexibility (ductility). 
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pH is commonly used to measure fish deterioration and it is pH of muscular tissue to 
measure (Howgate, 2009). To Bhobe and Pai (1986), the increase in pH (Metapeneusdohsnai) 
during keeping period at lower temperature takes place due to amine formation through bacteria 
which reduces TMAO to become TMA, decomposition of tissue protein and deamination 
process. Kyrana and Lougovois (2002) discloses that the increased pH in fish meat takes place 
due to long period of keeping which is also correlated with rapid spoilage condition of fish. 

The alive fish has 7.5 of meat pH. However, after mortality, glycogen is broken through 
glycolysis into pyruvic acid and then lactic acid, thus making the fish meat be more acidic. pH 
below 7.7 is considered to have good quality, preferably in range of 7.7 and 7.9 which is 
acceptable by consumers and pH above 7.9 be spoilage (Zamir et. al., 1998). To Bremner (2002)  
pH of fish meat when it is alive is 7.0 and after its death, it declines to be about 6.6 – 5.5 but 
depending on fish species. 

To delay spoilage process, some attempts have been performed including keeping fresh 
fish by using ice, giving formalin or liquid smoke. The reason is that microbial growth may be 
delayed by reducing aw and pH thereof, because low condition of pH in fish meat causes 
decomposition by bacteria to run slow. Liquid smoke of coconut shell as reported by Zuraida et. 
al. (2011) contains phenolic compounds such as phenol, 2-methoxylphenol (guaiacol), 3,4-
dimethoxylphenols, and 2-methoxy-4-methylphenol. Dihydroxy benzoic acid, methoxybenzoic 
acid and 150 hydroxyl benzoic acid serves as acid components. To Bower et al.,(2009) phenol is 
one of components of smoke which acts as antioxidant, while other components are organic 
acid, alcohol, carbonyl, hydrocarbon, and nitrogen compound such as nitro-oxide. Phenolate is 
usually used in food industry as antioxidant and antibacterial (Esekhiagbe et al., 2009). 

A lot of researches on liquid smoke usage as preservative for fish have been carried out, 
but their outputs are just different.The present research is to study Intervention Effect of Liquid 
Smoke of Pyrolysis Result of Coconut Shell on the Profile of pH Fillet of  Lates Calcarifer. 

 
2.Procedure 
2.1.Instruments / Materials: 

pH meter analyzer 255 (Corning Scientific Co., Corning, NY), buffer pH 4, buffer pH 7, 
fillet Lates calcarifer, liquid smoke grade-2,  blender,  glassware, akuades. 

 
2.2.Working Stage: 
 The concentration of liquid smoke is defined by making concentration variation, 0%; 
5%; 10%; 15%; 20%; 25% and 30%, respectively.The data obtained is developed into optimum 
curve as to obtain optimum concentration data of liquid smoke. 

Immersion duration of liquid smoke is designated by making variation of immersion 
duration of 0 minute; 5 minutes; 10 minutes; 15 minutes; 20 minutes; 25 minutes and 30 
minutes, respectively.The data obtained is developed into optimum curve as to data on optimum 
immersion duration of liquid smoke. 

The degree of pH value is determined by using concentration data and optimum 
immersion duration of liquid smoke; fillet LatesCalcifier is immersed with liquid smoke and 
drained for 2 hours at 40°C and then put into Styrofoam,  kept in freezer at 4°C until the sample 
will be analyzed every days. 

 
3. Results and Discussion 
3.1. Concentration and optimum immersion duration of liquid smoke. 

The data of measurement result of pH of fillet Lates Calcarifer  toward concentration 
variation of liquid smoke shows that the optimum concentration of liquid smoke at 5% of 
concentration has influenced pH of fillet Lates Calcarifer. Based on concentration variation of 
liquid smoke provided to Fillet Lates Calcarifer, 5% of concentration is optimum concentration 
of liquid smoke which can maintain the increase value of pH in fillet LatesCalcarifer. 
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Figur 1. Optimum concentration of liquid smoke 

 
 This is due to the fact that organic acid component on liquid smoke which provides acid 
contribution to Fillet Lates Calcarifer at 5% of concentration has been able to influence pH of 
fillet Lates Calcarifer. Similar to one reported by Tranggono, et. al., (1996) smoke of coconut 
shell contains 7 main components: Phenol, 3-metyl-.2cyclopentadion, 2-methoxyphenol, 2-
methoxy-4-methylphenol, 4-ethyl-2-methoxyphenol, 2.6-dimethoxy phenol and 2.5-dimethoxy 
benzyl alcohol. 
 Acids sourced from liquid smoke may influence aroma, pH and storage life of food. The 
combination between functional component of phenol and content of organic acid works 
synergistically in preventing and controlling microbial growth, and high content of acid may 
obstruct microbial growth because microbe can only grow at low content of acid 
(Pszczola,1995). 

The duration of optimum immersion of liquid smoke in 10 minutes can withstand pH 
value of fillet Lates Calcarifer to 5.546, and increase again. With the increase time of 
immersion, there is a tendency in which pH value of Fillet Lates Calcarifer to decline again, 
because the longer it is immersed in acidic liquid smoke, the more acidic the fillet will be. 

 

 
Figure 2. Optimum immersion duration of liquid smoke  

 
3.2. Profile of pH of Sea Fish Lates Calcarifer 

Value of acidity degree (pH) is one of indicators in measuring the degree of fish 
freshness. The data of analysis result of pH value of fillet Lates Calcarifer without allocation of 
liquid smoke in the 0th, 2nd, 4th, 6th, 8th, and 10th day is 6.39; 6.31; 6.09; 6.24; 7.09 and 8.13, 
respectively. And the pH value of fillet Lates Calcarifer with allocation of liquid smoke in the 

0
1
2
3
4
5
6
7
8

0% 5% 10% 15% 20% 25% 30% 35%

p
H

Concentration

5.2

5.4

5.6

5.8

6

6.2

0 mnt 5 mnt 10 mnt 15 mnt 20 mnt 25 mnt 30 mnt

p
H

immersion (minute)



Sofia Satriani Krisen, et.al./ Intervention Effect …            ISBN. 978-979-99314-8-1 
 

 
C-174 

0th, 2nd, 4th, 6th, 8th, and 10th day is 6.3992, 6.3162,6.4624, 6.0835,  6.3052, and 8.1215, 
respectively. The data indicates that the pH value in the beginning of storage decreases in the 
6th day for fillet without liquid smoke, and thereafter, it increases again. Similarly, in fillet with 
liquid smoke, the pH value increases after the 8th day. 

 

 
 

Figure 3.  Profile of pH of Sea Fish Lates Calcarifer 
 
In this study, the starting value of pH in fillet Lates Calcarifer is in range of pH value as 

found by (Periago et. al., 2005; Orban et. al., 2003) that is at pH 6.44 and 6.27, respectively. 
Ersoy et. al.,(2008) find starting pH value in fish meat is 6.23. 
 The increase in pH value in the 6th day for fillet without liquid smoke takes place two 
days earlier than that with liquid smoke, that is, in the 8th day. This is caused by not only 
considerable amount of accumulated lactic acid, but also effect of components contained in 
liquid smoke. To Nurjanah et. al., (2007), the increase in pH value is caused by autolytic 
process in fish meat which brings about the occurrence of decomposition by enzyme into more 
simplified compounds. The enzymatic decomposition into simple compounds starts when pH 
value declines. The declined pH value will activate cathepsin enzim. The enzyme is capable of 
decomposing protein into more simplified compounds, thereby increasing pH value. The pH 
value in fish meat will continue to increase near to neutral value after rigor mortis phase ends. 
In line with the increased time of storage, there will be increase in pH value in initial post-rigor 
phase and it continues to increase in the last post-rigor phase (Nurjanah et. al., 2007). 

Eskin (1990) states that after the fish is dead, there will be biochemical transformation 
in body tissue which is marked by declination of pH resulting from accumulation of lactic acid, 
which is formed through glycogen decomposition process in fish meat, which is glycogen 
transformation into lactic acid in glycolysis process. To Erikson and Misimi (2008), anaerobic 
reaction taking place after the death of fish will benefit ATP and glycogen which has been 
formed during the life of fish as source of energy, resulting in that the amount of ATP keeps on 
decreasing. Accordingly, pH of fish body decreases and muscular tissue is unable to ensure its 
flexibility (ductility). 
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Figure 4. glycolysis process in fish meat 
 

High content of glycogen may retard glycolysis process in fish meat, thus delaying the 
arrival of rigor mortis process. During rigor mortis process, the pH value in fish meat will suffer 
declination from 6.9-7.2, which is initial pH, to 6.2-6.6. High and low initial pH in fish will 
mainly depend on the amount of glycogen and strength of buffer in fish meat.The strength of 
buffer in fish meat is caused by protein, lactic acid, phosphoric acid, TMAO and volatile bases. 
The pH value in fish meat will keep on increasing closing to neutral value after the end rigor 
mortis phase (Farber, 1965). 

Pacheco-Aguilar et. al., (2000) states that pH is one of determinant factors for life 
sustainability of microorganism growth during storage, processing, and distribution of fish. In 
the beginning of storage, the sample pH value will decrease to the lowest after the condition of 
rigor mortis, then it will increase until it has alkali property in the end of storage. The increase 
pH may be caused by accumulation of alkali compound such as ammonia and trimethylamine 
originated from microbial action during spoilage of fish muscles (Ruiz-Capillas and Moral, 
2005; Özyurt, et. al., 2009). 
  
 
4. Conclusion 
 The grade-2 at 5% of concentration and 10 minutes of immersion duration may provide 
increase delay in pH of fillet Lates Calcarifer for 2 days if compared with that without liquid 
smoke. However, this does not give significant impact on the time. 
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ABSTRACT 
 

Kaempferia genus is perennial member of the Zingiberaceae family and is 
cultivated in Indonesia and other parts of Southeast Asia. Number of studies has been 
conducted, providing information related to Kaempferia as antioxidant; antimutagenic; 
and chemopreventive agent. This paper reports some isolated compounds from this plant, 
biological activity, and bioprospecting for cancer treatment. 
 
Keyword: Cancer treatment; Kaempferia; Zingiberaceae 

 
 
INTRODUCTION 

Kaempferia is a genus, belong to family of Zingiberaceae. This plant grows in Southeast 
Asia, India, Sri Lanka, Indonesia, and Southem China. Kaempferia genus sinonim with 
Boesenbergia genus by Baker. This plant has 8 different botanical names which are 
Boesenbergia cochinchinensis (Gagnep.) Loes., Boesenbergia pandurata (Roxb.) Schltr., 
Curcuma rotunda L., Gastrochilus panduratus (Roxb.) Ridl., Gastrochilus rotundus (L.) Alston, 
Kaempferia cochinchinensis Gagnep., Kaempferia ovate Roscoe, Kaempferia galanga, 
Kaempferia rotunda, and Kaempferia pandurata Roxb nonetheless it is currently known as 
Boesenbergia rotunda (L.)Mansf (Tan Eng-Chong, et. al, 2012). The plants grown naturally in 
damp, shaded parts of the lowland or on hill slopes, as scattered plants or thickets. 
Economically important species among the plant families, the Zingiberaceae, which are 
perennial rhizomatous herbs, contain volatile oil and other important compounds of enormous 
medicinal values (Singh C.B., 2013). 
 
Phytochemical and biologycal activities of some species of Kaempferia  
 Phytochemical and biologycal some species of plants of the genus Kaempferia reported 
by many researchers, among others:  
1. Kaempferia galanga (Kencur) 
 The Kaempferia galanga is a native of India, China, Taiwan, Cambodia, and other areas 
of southeast Asia. K. galanga or kencur in the local name in Indonesi is a flowering perennial 
plant that prefers a warm growing environment reminiscent of its tropical countries. K. galanga 
also prefers shady growing conditions and moist soil. The plant has small flowers that grow in 
clusters at the center of its three large, broad, dark green leaves. Flowers are most often white, 
pink, or lavender in color (Fig. 1). Since the rhizomes of this plant contain volatile oil and other 
important compounds of enormous medicinal values, they are very demanding to the traditional 
health care practitioner.The rhizome of this plant has been used traditionally for the treatment of 
many ailment and few biological activities have proven its importance. The rhizome is rich in 
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essential oils and is being used for the treatment of indigestion, cold, pectorial and abdominal 
pains, headache, expectorant, diuretic, carminative, stomachic, coughs, pectoral affections, 
asthma and hypertension. The rhizoma used as an entheogeon and aphrodisiac in New Guinea, a 
flavor rice, and the root and leaves are put into curries as a flavoring South Asia like Indonesia, 
Malaysia, and Thailand. The rhizoma and edible fresh leaves represent a potential food values 
(Sing C.B., 2013). 
 
 
 
 
 
 
 
 
 
 
 
 Figure.1.  Rhizome and plant of K. galanga 
  
  Number of publications on the phytochemistry has to do with the essential oil and 
extracts from the rhizome and leaf of this plant. Some compounds can be identified from oil 
extract from rhizome of K. galanga  include 3-carene, camphene, borneol, cineol, kaempferol, 
kaempferide, cinnamaldehyde, p-metho-xycinnamic acid, ethyl cinnamate and ethyl p-
methoxycinnamate. 3-Caren-5-one, carvon, eucalyptol, and pentadecane, and flavonoids from 
the leaves (Shing C.B., 2013). Some compounds was identified from K. galanga can be seen in 
figure 2. 

 

 
 

Figure 2. Some compounds was identified from K. galanga 
 

Many researches reported biologycal activities of  K. galanga.  The rhizomes are 
stimulatory, expectorant, carminative, and diuretic.  The methanol extract of the rhizome 
contains ethyl p-methoxy-trans-cinnamate, which is highly cytotoxic to Hela cells. Crude 
extracts of the rhizome of  K. galanga with petroleum ether, acetone and methanol are screened 
for antimicrobial activities against two gram-positive and three gram-negative 
pathogenic bacteria i.e.  Bacillus sp., Pseudomonas sp., Escherichia coli, Salmonella sp. and 

 
Sumber: http://www.ibujempol.com 
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Shigella sonnei (Singh C.B., 2013).  
The aqueous extracts of K. galanga leaves show significant antinociceptive and anti-

inflammatory effect in rats. The rhizome essential oils extracted from the rhizomes of K. 
galanga have shown considerable repellent and larvicidal activity against a number of mosquito 
species including Aedes aegypti . K. galanga extracts have weak anti-oxidant activity. Total 
phenolic content of ethanolic extracts of leaves and rhizomes is found to be 146 mg galic acid 
equivalent (GAE)/100 g and 57 mg GAE/100 g, respectively whereas the antioxidant activity of 
leaves and rhizome extracts is 77 mg ascorbic acid (AA)/100 g and 17 mg AA/100 g. This anti-
oxidant activity is further reduced by drying using different thermal and non-thermal drying 
methods, however, this decrease is prevented if the plant is subjected to freez-drying. This 
antioxidant activity is mainly due to the total phenolic content and flavonoids, including luteolin 
and apigenin (Chan et al., 2009). 

 
2. Kaempferia pandurata ( Boesenbergia pandurata) 

Boesenbergia pandurata (ROXB.) SCHLTR. [syn. B. Rotunda (L.) MANSF. 
KULTURPFL., sinonim with Kaempferia pandurata ROXB.], belonging to the family 
Zingiberaceae, is a perennial herb distributed in some tropical countries including Indonesia, 
Malaysia, Myanmar, and Thailand. The local name in Indonesia is “Temu kunci”, this plant is a 
common edible ingredient in many Asian countries. It is normally cultivated at small home 
ranches and used as a condiment in food such as curry and soup due to its aromatic flavour, 
which promotes appetite. This herbal plant is also used as a traditional medicine to treat 
illnesses such as rheumatism, muscle pain, febrifuge, gout, gastrointestinal disorders, flatulence, 
carminative, stomach ache, dyspepsia, and peptic ulcer. In Indonesia, B. rotunda is typically 
used to prepare “jamu,” a popular traditional tonic for women after childbirth as well as a 
beauty aid for teenage girls and to prevent leukorrhea (Tan Eng Chong, 2012). The rhizoma and 
the plant of K. pandurata in figure 3. The fresh rhizomes have a characteristic aroma and are 
used as a flavoring agent in Thai cuisine, it has been commonly used as self-medication by 
AIDS patients in southern Thailand. Previous investigations of the chemical constituents of B. 
pandurata reported the anti-HIV, antibacterial, anti-inflammatory, analgesic, antipyretic, 
antitumor, antioxidant, and insecticidal activities (Tan Eng Chong, 2012). 
 

 
 
Figure 3. Plant and rhizoma of K. pandurata (Tan Eng Chong, 2012) 
 

Many researches reported some isolated compounds from K. pandurata such as 5-
hydroxy-7-methoxyflavanone (pinostrobin), 5,7-dimethoxyflavanone, 5-hydroxy-7-methoxy-
flavone, 5-hydroxy-7,4-dimethoxyflavone, 5,7-Dimethoxyflavone, 5,7,4-Trimethoxy-flavone, 
5,7,3,4-tetramethoxy-flavone,  5-Hydroxy-3,7-dimethoxyflavone, 5-Hydroxy-3,7,4-tri-
methoxyflavone, 3,5,7-trimethoxy-flavone 5-hydroxy-3,7,3,4-tetramethoxy-flavone, 5,7-
dihydroxyflavanone (pinocembrin), 2,6-di-hydroxy-4-methoxychalcone (pinostrobin chalcone), 
2,4-dihydroxy-6-methoxy-chalcone (carda-monin), boesenbergin B, panduratin A, 4-hydroxy 
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panduratin A (Tan Eng Chong, 2012). Some structure of the isolated compounds from K. 
pandurata can be seen at Figure.4. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Structure isolated compounds  from K. pandurata 
 

Some essential oil from K. pandurata rhizoma identified such as geranyl formate, 
geranyl propionate, geraniol, neral, myrcene, isoborneol, β-pinene, neryl acetate, geranial, β-
thujaplicin (E,E)-α-farnesene, borneol, tricyclene, terpinen-4-ol, terpinolene, myristicin, allo 
ocimene, α-thujene, (Z)-β-ocimene, sabinene, (E)-β-ocimene, (Z)-nerolidol, cis-linalool oxide, 
3-carene, δ-elemene, (Z)-β-farnesene, γ-elemene, β-elemen (Jantan et al. (2001) cited by Tan 
Eng Chong, 2012).  The polyphenols compounds can be identified  such as quercetin, 
kaempferol, naringin, hesperidin, caffeic acid, p-coumaric acid, chlorogenic acid (Jing et al. 
(2009) cited by Tan Eng Chong, 2012). Many researcher reported of the chemical constituens of 
B. pandurata have activity as anti-HIV, antibacterial, anti-inflamasi, analgesic, antipyretic, 
antitumor, antioxidant. Some compounds such as panduratin isolated from B. pandurata showed 
cytotoxic against pancreatic PANC-1 cancer cell under nutrient deprived condition (Nwet Nwet 
Win, 2008). 
 
4. Kaempferia rotunda 
 Kaempferia rotunda (Zingiberaceae), known as kunci pepet or kunir putih in Indonesia, 
has been traditionally used in as abdominal pain, sputum laxative, wounds and diarrhea colic 
disorder. The plant is used in the folk medicinal system of Bangladesh for treatment of high 
blood sugar levels as commonly observed in diabetic patients, as well as for treatment of pain. 
The plant is considered to be an important medicinal plant also in the ancient traditional 
medicinal system of India, namely, Ayurveda. The Ayurvedic drug, hallakam, containing tubers 
of the plant is considered as stomachic, antiinflammatory to wounds and bruises, and useful for 
treatment of mental disorders and insomnia (Sereena et al., 2011). The  plant and rhizoma of K. 
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rotunda can be seen in figure 5. 
 
 
 

 

 
 Figure 5. The plant and rhizoma of K. rotunda 
  
 Stevenson et. al (2007) reported nine new isolated compounds from methanol extracts 
of rhizomes of K. rotunda , that reportedly contained six polyoxygenated cyclohexane 
derivatives identified as (-)-6-acetylzeylenol (1), zeylenol (2), four acylated derivatives of 1-
benzoyloxymethyl-1,6- epoxycyclohexan-2,3,4,5-tetrol (3-6), a Diels-Alder adduct of 3-
benzoyl-1-benzoyloxy-methylcyclohexa-4,6dien-2,3-diol (7), crotepoxide (8), and 2-
(benzoyloxymethylphenyl-(3,6-di-O-acetyl)-b-glucopyranoside (9). Some compounds 
demonstrated antifeedant activities against larvae of Spodoptera littoralis, the Egyptian cotton 
leafworm (Stevenson et al., 2007).  Lotulung et.al (2008) reported two compounds has been 
identified from rhizomes of the plant, namely, 2'-hydroxy'-4,4',6'-trimethoxy-chalcone and (+) 
crotepoxide, the first possessing antioxidant activity. Three known flavanone can be isolated 
from chloroform extract from K. rotunda, namely 5-methoxy-7-hydroxy-flavanone, 5-hydroxy-
7-metoksi-flavanon, and 5,7-dihydroxyflavanone (Sri Atun, 2013). Structure of the isolated 
compounds from K. rotunda can be seen at figure 6. 

The antioxidant potential of the plant has been evaluated and flavonoids and phenolic 
derivatives found in the plant, which demonstrated inhibitory potential against lipid 
peroxidation, suggesting that the plant can be useful in diseases like myocardial infraction, 
diabetes mellitus, hepatic injury, atherosclerosis, rheumatoid arthritis, and cancer (Lotulung, 
2008; Prassad, 2010). Cytotoxic test against the two compounds 5-hydroxy-7-metoksiflavanon 
and 5,7-dihydroxy-flavanones against MCF-7 cancer cells; HCT 116; Ca ski, and A549 showed 
that the compound 5,7-dihydroxyflavanone have cytotoxic activity more high. The fact showed 
hydroxyl group at position C-7 of this structure can increase the cytotoxic activity. Pinostrombin 
haven’t a hydroxyl group at position C-7, but has a hydroxyl group at position C-5. Hydroxyl 
group at position C-5 is not free, and therefore can form hydrogen bonds with the carbonyl 
group (Sri Atun, 2013).  
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 Figure 6. Isolated compounds from K. rotunda 

 
Some flavanone compounds from K. rotunda also have activity as antimutagenic. 

Although the biochemical mechanisms underlying flavanone compounds activities are not yet 
clear, these results demonstrated that K. rotunda has a preventive effect against chromosome 
fragmentation in vivo, probably due to its free radical scavenging capability. Moreover, study 
showed that phenolic compounds have bioactivity as antioxidant, antimutagenic, and 
chemopreventive. Therefore, these results confirm and extend our knowledge on the ability of 
methanol extract and isolated flavanone compounds from K. rotunda to protect DNA, showing 
that both prevent chromosome damage after cyclophosphamid exposure in mice (Sri Atun, 
2013).  Prasad et. al (2010)  investigated the effect of crotepoxide on TNF- and chemotherapy-
induced apoptosis and on NF-κB signaling pathway activation. crotepoxide alone showed 
suppressed the proliferation of various types of tumor cells and potentiated TNF- and 
chemotherapeutic drugs-induced apoptosis. This correlated with the down-regulation of various 
gene products that mediate inflammation, cell proliferation, cell survival, invasion, and 
angiogenesis, all of which are regulated by NF-κB.  
 
4. Kaempferia parviflora 
 Kaempferia parviflora (Thai Ginseng) is a herb that has some historical and medicinal 
usage for treating metabolic ailments and improving vitality in Thailand and limited to 
surrounding regions. It is also reported to be an aphrodisiac compound and physical enhancer. 
Leaves are green with a reddish underside. It has been used as a medicinal plant in Asia 
(Leardkamolkarn V, 2009). The plant K. parviflora and this rhizome at figure 7. 
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Figure 7. The plant and rhizoma of K. parviflora (Black ginger) 
 
 Some isolated compound from K. parviflora reported by many researchers. They found 
polyphenolic flavonoids which have a wide range of biological activities, such as anti-
inflammatory, anti-bacterial, anti-mutagenic, anti-oxidant, and anti-thrombotic The anti-
inflammatory effect has been emphasized for a purified compound, 5,7-dimethoxylflavone. 
These compounds showed anti-bacterial and anti-fungal activities have been pointed (Tewtrakul 
S, 2009). Some isolated compounds from K. parviflora can be seen at figure 8. 

 
 Figure 8. Some isolated compounds from K. parviflora 

 
Hossain A. et al (2012) reported  several studies covered anti-proliferative and cytotoxic 

effects of the rhizome extracts of Kaempferia parviflora. The present study was evaluated the 
cytotoxicity of 3,5,7,4′-tetramethoxyflavone , 5,7,4′-trimethoxyflavone , and 5-hydroxy-
3,7,3′,4′-tetramethoxyflavone on human colorectal carcinoma (HCT-15) cells. All three 
compounds showed a dose-dependent inhibitory effect on HCT-15 cells. Significant numbers of 
apoptotic nuclei and condensed chromatin were also observed. These results strongly suggest 
that three compounds caused cell death via an apoptotic pathway. Therefore all these 
compounds have the potentiality to be the novel anti-cancer drugs. 
CONCLUSION AND SUGGESTION  

The current state of research of some species on Kaempferia genus clearly shows that 
the isolated bioactive compounds have high potential in treating many diseases. Chemical 
constiuents that have been reported for the some species of  Kaempferia include cyclohexane 
oxide derivatives, chalcone derivatives, cinnamates, diterpenes, monoterpenes, and flavonoids. 
Some bioactive compounds showed high cytotoxic effects againt some cancer cell lines, so 
these plant have the bioprospecting for cancer treatment. 

The genus Kaempferia is one of the Zingiberaceae family of plants that is widely 
available in Indonesia and contain a variety of bioactive compounds that are useful, it needs to 
be preserved and developed to produce quality drugs.  

  
 
 

 
 

http://southeastgarden.com/kaempferia.html 
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Abstract 

 
 In previous research, condensation reaction between 4-hydroxybenzaldehyde 
and acetone has been  done  with mol ratio 2:1 using hydrochloric acid as catalyst. 
Structure elucidation  was conducted using FTIRspectrophotometer, 1D and 
2DNMR proofed that the compound of 4-(hydroxy(4-
hydroxyphenyl)methoxy)benzaldehyde was produced  instead of 4,4′-
dihydroxydibenzalacetone. It was predicted that intermolecular reaction of 4-
hydroxybenzaldehyde compound through acid catalyzed hemiacetal formation 
involved within the mechanism. 

 
Key words: 4-hydroxybenzaldehyde, hemiacetal, acid catalyst 

 
 
INTRODUCTION 
 
Introduction 
 Aldol condensation is intermolecular nucleopilic adition from enolate ion to carbonyl 
group, resulting β-hydroxy aldehyde. Condensation between aldehyde or acetone with carbonyl 
groups from different aldehyde or ketone was called as cross aldol condensation. Condensation 
reaction of aldehyde  that has no  Hα can be occurred as other aldehyde preserve Hα while as in 
its form the dimerization is not possible. A cross aldol condensation will be very useful if there 
is only one carbonyl compound with Hα, thus the reaction would not result mixed reaction 
product. 
 According to mechanism of the reaction, aldol condensation is classified in two reaction 
mechanism  types namely enol and enolate mechanism. Enol mechanism occurs  in an  acidic 
condition, while  the enolate is  in a basic condition. Sodium hydroxide as basic catalyzed cross 
aldol condensation between benzaldehyde derivatives and acetone has been investigated to 
produce benzalacetone and its derivatives(Handayani & Arty, 2008).Synthesis of two 
hydroxydibenzalacetones with base catalyst through crossed aldol condensation also reported by 
Handayani, et al., (2010). Acid catalyst that often to be used in aldol condensation reaction is 
sulphuric and hydrochloric acid.  
 Benzalacetone, as a product of crossed aldol condensation still contained  Hα in high 
level acidity make  it is easyly  to be break and become a new nucleophile. The new nucleophile 
from benzalacetone derivative could attacks other carbonyl through aldol condensation chain 
reaction to produce dibenzalacetone derivatives. Thus, double crossed aldol condensation 
reaction beetwen acetone and benzaldehyde in 1: 2 mol ratio will produce dibenzalacetone. 

Previous research performed  double crossed aldol condensation to produce analogue 
dibenzalacetone have been reported.  Divanillilacetone as one of dibenzalacetone derivatives 
had been synthesize with hydrochloric acid catalyzed reaction (Sardjiman, 2000),  Sulphuric 
acid catalyzed  Claisen Scmidht condensation between benzaldehyde derivatives and 
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cyclopentanone  produced bis-benzylidenecyclopentanone derivatives (Pudjono et al., 2008). In 
acidic condition, cyclopentanone will forms enol structure and acts as nucleophile that could 
attacks benzaldehyde derivatives in condensation reaction. 
 Crossed aldol condensation between acetone and 2-hydroxybenzaldehyde in 1:2 mol 
ratio produce 2,2′-dihydroxydibenzalacetone in base catalyst, while acetone and 3-
hydroxybenzaldehyde in the same mole ratio give 3,3′-dihydroxydibenzalacetone (Handayani et 
al., 2010). Theoretically, as acetone and 4-hydroxybenzaldehyde are reacted in the same mole 
ratio will give 4,4′-dihydroxydibenzalacetone as product. On the contrary, in present research, 
aldol condensation between acetone and 4-hydroxybenzalacetone  in 1:2 mol ratio under acid 
catalyst had produced a new compound instead of 4,4′-dihydroxydibenzalacetone as 
dibenzalacetone derivative(Handayani, 2012).  

The aim of this article is to study the reaction mechanism between 4-
hydroxybenzaldehyde and acetone using hydrochloric acid as catalyst that give a new 
compound. 4-hydroxybenzaldehyde has carbonyl and hydroxyl group, where as acetone has 
carbonyl group and Hα. Based on the existence of nature groups there are four possible reaction 
that could be happen, namely aldol condensation, crossed aldol condensation, hemiacetal or 
hemiketal formation. 
 
DISCUSSION 

 
 Aldol condensation reaction with acid or base catalyst, generally started with 
nucleophilic attack from enol or enolate to carbon of carbonyl group an aldehyde or a ketone. 
These reaction procedure was performed by dissolving 4-hydroxybenzaldehyde in 1:1 (v/v) 
ethanol : aquadest. Aldehyde was firstly added to the solution to prevent from acetone self aldol 
condensation. Acetone was added to the solution after 4-hydroxybenzaldehyde perfectly 
dissolved, then followed by addition of hydrochloric acid as catalyst. The reaction resulted 
redish purple solid and characterized by FTIR (Fig. 1) dan NMR spectroscopy. 
 

 
 
 

Fig 1. IR spectra of the product synthesis . 
 

Spectroscopy data of the new compound from the reaction between acetone and 4-
hydroxybenzaldehyde are : FTIR (KBr)  = 3170 (=CHStr), 1666.5 (C=O), 1597.06 and 1458.1 
(C=C aromatic), 1111-1288.45 (COC) cm-1.  1H NMR (CD3OD) : δ = 5.27 (1H, s, H2), 6.7 (2H, 
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d, J=8.6 Hz, H3b and H5b), 6.9 (2H, d, J=8.6 Hz, H3a and H5a), 7.2 (2H, d, J=8.6 Hz, H2b and 
H6b), 7.7 (2H, d, J=8.6 Hz, H2a and H6a), 9.7 (1H, s, H1) ppm; 13C NMR (CD3OD): δ = 104, 
115, 116.9, 129, 133.5, 158.9, 165, 130.5, 130.3, 192 ppm (Handayani, 2012). 

Identification of functional groups by using an infrared spectrophotometer showed the 
appearance of absorption at wave numbers  of 3201.83 cm-1 of the OH bond, which is 
conjugated with the phenyl carbonyl at 1666.5 cm-1, C=C aromatic at 1597.06 and 1458.1 cm-1 
and COC bonds in 1111 - 1268.45 cm-1. The IR spectra show the characteristic absorptions of 
the hydroxyl group at the position of the target compound cross aldol condensation reaction 
proceeds, but the characteristic peak of aldehyde also still exist in the region 2877 and 2870 cm-

1(Pavia et al., 2009). 
Characterization number, position and kind of proton and carbon was done using 

spectropotometer NMR as showed in Fig. 2 and 3 and the data listed in Table 1. Thesinglet peak 
at 5.27 ppm regions connected to C at 104 ppm, and adjacent with C at 129 ppm. This peak is  
appeared  in a farther upfield area compared to all other protons. The proton shift shows that it 
is attached to the aliphatic C (H-C). The other singlet peak appeared at the downfield area(9.7 
ppm), connected to C at 192 ppm is a typical of the aldehyde group. These protons adjacent to C 
at 133.5 and 130.3 ppm of aromatic carbon. It is estimated that this proton is came from 
aldehyde group (CHO) attached to the aromatic ring. 
 In addition to the two singlet peaks, 4 peaks are doublets with coupling constants J are 
8.6 Hz which indicates the aromatic protons. Integration of each doublet peak indicates that 
each peak has 2 equivalent protons, it is estimated that the synthesized compounds have two 
aromatic rings. HMBC spectra showed that the protons next to the aldehyde group is the peak at 
7.7 ppm. Two proton peaks at 6.7 and 7.2 ppm adjacent to C 158 ppm indicating that the 
aromatic protons adjacent to the C-OH. 

 

 
 

Fig 2. 1H NMR spectra of the product synthesis (CD3OD) 
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Fig 3. 13C NMR spectra of the product synthesis (CD3OD) 

 
Table 1. NMR (1H and 13C) data of the product synthesis (CD3OD) 

No C δH ppm ∑H, m, J (Hz) δC ppm HMBC (HC) 
1 9.7 - 192 C1a, C2a, C6a 
1a - - 130.3 - 

2a, 6a 7.7 2, d, 8.6 133.5 C2a, C6a, C4a, C1 
3a, 5a 6.9 2, d, 8.6 116.9 C1a, C3a, C5a 

4a - - 165 - 
2 5.27 1, s 104 C2b, C6b 

1b - - 130.5 - 
2b, 6b 7.2 2, d, 8.6 129 C2, C2b, C6b, C1b 
3b, 5b 6.7 2, d, 8.6 115 C4b, C3b, C5b, C1b 

4b - - 159 - 
 
NMR data in Table 1 shows no hydroxyl protons, because it is not always detected, but 

at 9.7 ppm appear aldehyde proton. In addition, there are only 8 aromatic protons with 
Jcoupling constant of 8.6 Hz. No protons α and β which haveJ coupling constant around 15-16 
Hz of the target compound (1E,4E)-1,5-bis(4-hydroxyphenyl) penta-1,4-dien-3-one (Figure ) 
which indicates the absence of trans alkenes. One proton singlet appeared at 5.2 ppm shows a 
protons of CH(-OH)(Pavia et al., 2009).  

 

 
a. 

 
b. 

 
 

Figure 4.a. Structure of target compound (4,4′-dihydroxydibenzalacetone) 
b. Structure of synthesized compound based on spectroscopy data. 

Targetted structure of compound synthesis is presented in Fig. 4a while the estimated 
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structure with HMBC correlations of new compound synthesized is presented in Fig 4b.1H and 
13C NMR. Comparison between new compound synthesized and ChemDraw prediction are 
presented in Table 2.The data shows the similarity of chemical shift of compound 
synthesized.Based on these data it is concluded that the new compound synthesized is 4-
(hydroxy(4-hydroxyphenyl)methoxy)benzaldehyde. 

Synthesis of 4,4'-dihydroxydibenzalacetone is  usually performed under acidic 
conditions. Acid catalyst was used to prevent proton abstraction of the hydroxy group by base 
catalyst. Hydroxy proton on the phenolic compound is more acidic than alcohol Ka=10-10-10-8) 
so easily dislodged by the presence of a base(Bruice, 2007). However, the use of acid catalyst 
did not give the expected result. The result provided that acetone and 4-hydroxybenzaldehyde 
did not give the target compound, i.e. 4,4′-dihydroxydibenzalacetone. Structure elucidation with 
FTIR and NMR 1D and 2D prove a new hemiacetal compound, i.e. 4-(hydroxy(4-
hydroxyphenyl)methoxy)benzaldehyde. Unexpected hemiacetal formation has also been 
reported in the acetylation reaction of sterical hindered alcohols with vinyl acetate using lipase 
as catalyst (Högberg et al., 2000). 

 
Table 2. 1H and 13C NMR Comparison between synthesized compound and  ChemDraw 

prediction 
 

No C δ H (ppm) δ C (ppm) 
synthesized 
Compound 

Estimated 
Chembiodraw 

synthesized 
Compound 

Estimatedchemb
iodraw 

1 9.7 9.88 192 191 
1a - - 130.3 129.2 

2a, 6a 7.7 7.88 133.5 132.3 
3a, 5a 6.9 7.18 116.9 114.8 

4a - - 165 166.4 
2 5.27 6.71 104 107.1 
1b - - 130.5 133.6 

2b, 6b 7.2 7.19 129 127.4 
3b, 5b 6.7 6.68 115 116.1 

4b - - 159 157.4 
 

According to structure elucidation data, the resulting material was formed through 
hemiacetal formation reaction. Hemiacetal is a product that resulted from alcohol addition to an 
aldehyde with the presence of acid catalyst (Bruice, 2007). In this research, acetone was reacted 
with 4-hydroxybenzaldehyde–an aldehyde that have hydroxyl group–in acidic condition. 
Therefore, 4-hydroxybenzaldehyde could be acted as aldehyde or alcohol in hemiacetal 
formation. Acid catalyst played an important role to lead the reaction by protonating oxygen 
carbonyl so it more responsive to nucleophil attacks.  Reaction of hemiacetal formation occurs 
between C carbonyl of 4-hydroxybenzaldehyde and OH group of other 4-hydroxybenzaldehyde 
as the nucleophil.   

Reaction mechanism of suggested hemiacetal formation can be delivered on the 
following schemes:  

1. Protonation of oxygen carbonyl by the acid (HCl) 
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2. Nucleophilic attack to carbon carbonyl  

 

 
 

 
 Cross aldol condensation between 4-hydroxybenzaldehyde and cyclopentanone using 
sulphuric acid catalyst has been reported by Pudjono et al. (2008). Reaction mechanism was 
through enol mechanism with cyclopentanone acted as the enol. Reaction was performed at 
reflux temperature with solvent of 2-butanol. Heat treatment was aimed to increase the reagent 
solubility which was expected to increase the number of collided particle, thus resulting higher 
yield and more effective reaction. This research have been performed at different reaction 
temperature and catalyst, which done at 100C with catalyst of hydrochloride acid. Acid strength 
of acid catalyst is different each other. It predicted that hydrochloride acid less able to protonate 
oxygen carbonyl of acetone to form enol. Acetone could undergoes tautomerisation keto and 
enol. Acetone tautomere in keto form more stable than enol form, because acetone energy is 
smaller than propen-2-ol (Figure 5). It means that acetone required less energy to reach 
equilibrium propen-2-ol. This condition caused acetone in enol form could not act as 
nucleophile in cross aldol condensation. Therefore, H acid was likely to protonate oxygen 
carbonyl 4-hidroxyibenzaldehyde leading to induction effect followed by hydroxyl group attack 
of other 4-hidroxysibenzaldehyde to form a hemiacetal. 
 

 
 

Fig 5. Tautomer keto-enol of acetone 
 

In addition to induction effect, the oxygen carbonyl basicity of 4-hydroxybenzaldehyde 
compund was also confirmed by the presence of resonance effect (Fig. 6). The resonance in Fig. 
6 showed that oxygen carbonyl of 4-hydroxybenzaldehyde carried negative charge. It is strongly 
suggested that oxygen carbonyl of 4-hydroxybenzaldehyde compound was more base than 
oxygen carbonyl of acetone, thus acid proton have higher possibility to protonate oxygen 
carbonyl of 4-hydroxybenzaldehyde. 

 

 
 

Fig 6. Resonance effect of 4-hydroxybenzaldehyde on oxygen carbonyl basicity 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-193 

 

 
Fig 7. Intra and intermolecular hydrogen bond of ortho and para hydroxybenzaldehyde 

 

 
Fig8. Resonance effect of 3-hydroxybenzaldehyde on oxygen carbonyl basicity 

 
Cross aldol condensation between 2-hydroxybenzaldehyde or 3-hydroxybenzaldehyde 

and acetone to form 2,2′-dihydroxybenzalacetone (IUPAC name:(1E,4E)-1,5-bis(2-
hydroxyphenyl)penta-1,4-dien-3-one) and3,3′-dihydroxybenzalacetone (IUPAC name: (1E,4E)-
1,5-bis(3-hydroxyphenyl)penta-1,4-dien-3-one) using base catalyst at 100C had been reported 
(Handayani et al., 2010). Both reactions are easier occur because 2-hydroxybenzaldehyde 
(ortho) could form intramolecular hydrogen bonding (Figure 7) so it reduces intermolecular 
attraction compared 3-hydroxybenzaldehyde (meta) or 4-hydroxybenzaldehyde (para). 
Therefore hydroxyl group at ortho or meta position of benzaldehyde was less reactive compared 
to hydroxyl group at para position and the hydroxyl group would not interfere the aldol 
condensation reaction. The resonance of 3-hydroxybenzaldehyde that having hydroxyl group at 
meta position was showed at Figure 10, which indicated that resonance effect of 3- 
hydroxybenzaldehyde does not influence the basicity of oxygen carbonyl. Based on the 
explanation above, it can be concluded that hydroxyl group at ortho and meta position does not 
influence to aldol condensation reaction.  
 
CONCLUSION 
 

Condensation reaction between 4-hydroxybenzaldehyde and acetone (mol ratio 2:1) 
using hydrochloride acid catalyst does not give the expected compound (i.e. 4,4′-
dihydroxydibenzalacetone), but produced a new compound i.e. 4-(hydroxy(4-
hydroxyphenyl)methoxy)benzaldehyde. Reaction mechanism of the synthesis was indicated 
through hemiacetal formation. 
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ISOLATION AND IDENTIFICATION SECONDARY METABOLITES 
COMPOUND ETHYL ACETATE : n-HEXANE (4 : 6) FRACTION OF GULMA 

SIAM LEAVES  (Chromolaena odorata L.) 
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Facultyof Mathematics and Science State Universiy of Makassar 
 

Abstract 
 

This study aims to isolate and identify the secondary metabolites compound ethyl 
acetate : n-hexane (4: 6) fraction from Gulma siam leaves (Chromolaena odorata L.), 
which is derived from Enrekang regency, South Sulawesi, Indonesia. The stages of 
research include extraction, fractionation, purification and identification. Fractionation is 
done by flash column chromatography; purification by recrystallization and identification 
using color test, melting point, solubility, KLT and spectroscopic methods. Obtained 
compound in the form of white crystal with a melting point about 144-145oC,  also react 
positively with Dragendorff and Wagner reagent that is marked by orange solution and 
brown precipitants which indicate the possibility  of containing secondary metabolites 
compound that includes in alkaloid class. It is also supported by the presence of N-H  
absorption  around 3329.14 nm; aliphatic C-H around 2916.37 nm; aromatic C-C around 
1620.21 nm; C-N around 1357.89 nm and C-O around 1068.50 nm that is obtained on the 
IR spectrum. 
Key words : Isolation, Gulma Siam , Identification, alkaloids, IR 

 
 
INTRODUCTION 

Chromolaena odorata plants or Gulma siam known in some areas with Kirinyu, 
Babanjaran, Darismin (Sunda), laruna, lahuna, kopasanda (Makassar) (Soerjani, et al., 1987 in 
Ward, 2006), spread almost all over the archipelago, both in the tropics and subtropics, 
reproduce very quickly. This plant is very rarely consumed by insects, including pets, tasted 
very bitter (Akoubundu 2010 in Riki, 2010). 
 
 
 
 
 
 
 
 
 
 
       Figure 2.1 Gulma siam Plant (Chromolaena odorata) 
 
Classification of Gulma siam plants (Fox, 1990 in Ward, 2006):  
Class  : Magnoliopsida  
Sub Class : Asteridae  
Order  : Asterales  
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Family  : Asteraceae  
Genus  : Chromolaena  
Species  : C. odorata L.R.M. King and H. Robinson 

 
This plant grows upright with a height of 2-6 m tall, trunk cylindrical shaped with color 

yellowish green with fine hairs, soft textured when young and the more mature the harder. 
Single flower colored mauve to whitish, in pile of bunches can reach 20-35 flowers (Abdullah, 
2002 in nurhayati, 2006). 

Gulma Siam plants (C. odorata) in some areas are used as a medicine of a new wound 
and as an ulcer medicine, becomes the first solution when getting wound to avoid infection. 
Several strands (to taste) C. odorata leaves are kneaded by hands until the extract is out then 
squeezed and applied or affixed the extract on the wound, it turned out to a very potent, and the 
wound dried. For patients with gastric inflammation (ulcer), simply by boiling the C. odorata 
plant, and drink its boiled water. Some people use it as a painkiller pain in the joints. Some 
countries in Asia, utilizing C.odorata as medicine, including Vietnam used in the treatment of 
wounds (new wounds, old wounds, burns) and other skin infections. 

This plant contains variety of compounds that are antioxidants include tannins, 
flavonoids, alkaloids, steroids and triterpenoids (Yunilas, 2010), the possibility of the presence 
of those compounds that cause drug efficacy. 

 
TOOLS, MATERIALS AND PROCEDURES 
1.   Tools 

The tools used in the extraction step and identification include: evaporator, flash 
column, a regular funnel, Buchner funnel, Erlenmeyer flasks of various sizes, measuring cups, 
maceration vessel, capillary tube, spray bottles, tweezers,, UV light (wavelength 254 nm and 
365 nm), hot plate, Pasteur pipette, scales, water bath, oven, chamber, vial bottle, stirring rod, 
FTIR spectrophotometer. 
2.   Materials 

Gulma Siam leaves, methanol, n-hexan, acetone, ethyl acetate, acetone, kloroforom, 
stain apparition reagents Liebermann-Buchard, Dragendorff, and Wagner, 10% sulfuric acid, 
iron (III) chloride, Whatman filter paper, aluminum foil, tissue, silica gel 60 H Merck and silica 
gel G 60 (230-400 mesh) and aluminum KLT plate coated silica gel 60 G F254. 
3.    Procedure 
a.   Extraction 

Fine powdered leaves of C. odorata macerated with methanol for 3 x 24 hours. The 
extract obtained was concentrated using a rotary evaporator to about a quarter of the initial 
volume (thick extract). The extract was then extracted with a non-polar solvent that is n-hexane 
to separate the non-polar compounds from the methanol extract, using separation funnel. 
b.    fractionation 

n-hexane extract was then concentrated produce viscous extract with dark green color, 
then is thin layer Chromatography (TLC)  with the mobile phase (eluent) that is varied they are; 
ethyl acetate: acetone; ethyl acetate: n-hexane; acetone: methanol to find the right mobile phase 
on vacuum liquid column chromatography (VLCC). On VLCC using stationary phase silica gel 
60 H and the combined ethyl acetate: n-hexane, as the mobile phase in its polarity continuously 
improved, produced 20 fractions. 

Fractionation results was TLC again with eluent ethyl acetate: n-hexane, and the 
fractions that have the same rf values combined, obtained with eluent ethyl acetate: n-hexane (4: 
6) that were grouped into 3 combined fractions based on its chromotogram similarity that was A 
fraction  (1-4 fraction) = 2.0 g, B fraction  (5-9 fraction) = 1.4 g, and C fraction C (10-20 
fraction) = 0.9 grams. 

The C fraction is solid in a brownish green color weighing 0.9 g, tested with 
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Liebermann-Burchard reagent (terpenoids and steroids), FeCl3 (flavonoids), Dragendorff and 
Wagner (alkaloids). Then fractionated with flash column chromatography using silica gel G 60 
H Merck as the stationary phase, and n-hexane 100%, ethyl acetate : n-hexane, and ethyl acetate 
100% as the mobile phase. 

Fractions obtained were analyzed with TLC with silica gel 60 GF254 as the stationary 
phase and eluent ethyl acetate : n-hexane as the mobile phase. The fractions that have the same 
rf values combined then evaporated to obtain a solid. Furthermore, the solubility test is done 
against some solvents such as n-hexane, chloroform, acetone, ethyl acetate and methanol. 
c.    Purification 

The solid component obtained was washed with solvent n-hexane and then 
recrystallized using ethyl acetate solvent. The purity of the compounds obtained were 
determined by performing TLC systems  three eluent they are chloroform : n-hexane (7: 3), 
ethyl acetate : n-hexane (9: 1), and acetone : n-hexane (9: 1) and then continued to the melting 
point test. 
d.   Identification 

Identification of secondary metabolites compound from crystals obtained was done in 
two ways, they are: 
1. Using reagent to determine the class of secondary metabolite compound that is Liebermann-

Burchard for steroids and terpenoids, FeCl3 for flavonoids, and Wagner and Dregendorf for 
alkaloids test.  

2.   Identification of functional groups with IR spectroscopy at the Laboratory of Chemistry 
FMIPA IPB. 

RESULTS AND DISCUSSION 
The extract obtained was fractionated by vacum liquid chromatography column 

(VLCC) using silica gel 60 H adsorbents as the stationary phase and 100 ml of n-hexane eluent 
that was enhanced its polarity with ethyl acetate as the mobile phase. The amount of eluent used 
in VLCC caused by on the first eluent its stain movement is still not good enough so the eluent 
used have to be increased its polarity. Fractionation with VLCC obtained 20 fractions as seen in 
Table 4.1, then chromatographed thin layer used eluent ethyl acetate : n-hexane (4: 6). 

Based on the similarity stain on its chromatogram that is shown in Figure 4.1, The 
VLCC result fractions was combined till obtained 3 fractions combined as shown in Table 4.2. 

 
Table 4.1 Observation Results of VLCC Fractionation 

Fraction 
eluent  

Solution Color 
Ethyl acetate: n-hexane 

1 n-Heksan 100% Yellow 
2 1:19 Yellow 
3 1:9 Yellow 
4 1:9 Brown 
5 2:8 Brown 
6 2:8 Brown 
7 2:8 Dark Green 
8 3:7 Dark Green 
9 3:7 Dark Green 

10 4:6 Dark Green 
11 4:6 Light Green 
12 5:5 Light Green 
13 5:5 Light Green 
14 6:4 Greenish Yellow 
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15 6:4 Greenish Yellow 
16 7:3 Greenish Yellow 
17 7:3 Greenish Yellow 
18 8:2 Greenish Yellow 
19 9:1 Greenish Yellow 
20 Ethyl acetate 100% Greenish Yellow 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 TLC chromatogram fractions VLCC eluent: ethylacetate: n-hexane (4:6),  

adsorbents: silica gel GF254, stain apparition: CeSO4 2% 
 
      Table 4.2 Results of Merger and Observation of VLCC fractions 

Range of Fractions Combined fractions Mass (Gram) Solids Color 
1-4 A  2,0 Brownish Green 
5-9 B  1,40 Brownish Yellow 

10-20 C  0,90 Brownish Yellow 
 The C fraction  shaped of solid brownish green color with weighing 0.9 g of was done a 
reagent test and than TLC. 
FeCl3 reagent which showed negative results because no change of color. 
Wagner and Dragendorf reagent gave a positive result against the alkaloid, is marked by a color 
change from brownish green to orange for Dragendrorf and the presence of a brown precipitate 
for Wagner. And positively to Liebermann Burchard that was marked by a change of color from 
brown to green.      

The C fraction  is not dissolved in the solvent n-hexane, but dissolved in polar solvents 
such as acetone, even dissolved completely in the solvent ethyl acetate, chloroform and 
methanol. This matter showed that the compound contained in fraction C is polar.  
 TLC test was then performed with eluent n-hexane: ethyl acetate and ethyl acetate: 
chloroform with a variety of comparisons, obtained eluent ethyl acetate: n-hexane 6: 4 by the 
apparition of stains CeSO4 2% after heating showed the appearance of stains with good 
separation pattern as in Figure 4.3. Based on that matter fraction C was fractionated further 
using eluent ethyl acetate: n-hexane 6: 4. 
2.  Results of Vacum Column Flash Chromatography Fractionation . 

The combined of C fractions wighing 0.9 grams fractionated through flash column 
chromatography with silica gel G 60230-400 mesh as the stationary phase and eluent started 
from n-hexane 100%, ethyl acetate: n-hexane (6: 4), ethyl acetate 100% as the mobile phase 
resulted 33 fractions then continued with KLT analysis with developer eluent ethyl acetate: n-
hexane (6: 4). 
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Table 4.3 Observation result of flash column chromatography. 
Fractions Eluent Color 

1  n-hexane 100%  Green 
2 – 4  Ethyl acetate: n-hexane (6:4) Blackish Green 
5 – 9   6 : 4 Brownish Green 

10 – 17   6 : 4 Yellowish Green 
18 – 25   6 : 4  Yellowish Green 
26 – 30  6 : 4 Clear Greenish 
31 – 33  Ethyl acetate Clear 

 Based on KLT analysis (Figure 4.4) from the 33 fractions, fractions that have the same 
chromatogram merged until it was obtained six fractions combined they are combined fractions 
Ca (fraction 1), Cb (fraction 2), Cc (fraction 3), Cd (fraction 4-7), Ce (fraction 8-19), Cf 
(fraction 20-33). 

 
Figure 4.4 Chromatogram 33 fractions results from the chromatography flash column  
                   Eluent    : ethyl acetate: n-hexane (6: 4)  
                   Adsorbents                 : silica gel GF234  
                   Stains apparition        : CeSO4 
 Fractions obtained were evaporated to one-fourth from its initial volume and then 
performed KLT analysis to combine fractions with the same Rf. From the result of  Merging it 
was obtained 6 fractions they were Ca, Cb, Cc, Cd, Ce, Cf. After all of the fractions evaporated 
fraction that showed crystals was the fraction Cd. 
3.   Purification Result 
The combined fraction 4-7 (Fraction Cd) showed the presence of crystals so potentially to be 
continued. After being evaporated the combined fraction Cd shaped crystalline amorphous with 
green color. 
The amorphous-shaped crystals were then washed with n-hexane resulted white crystals with a 
weight of 30 mg then recrystallized with ethyl acetate resulted white crystals with a weight of 
10 mg. 
           The C-d crystals  were then purified with three eluents system test, that were chloroform: 
n-hexane (7: 3) with rf value of 0.325 (a), ethyl acetate: n-hexane (9: 1) with rf value 0.5 (b) and 
acetone: n-hexane (9: 1) with rf value of 0.825 (c), where the results showed a single 
kromotogram that can be seen in Figure 4.5. 
4.   Identification Results 

The crystals obtained were identified including by: 
a. Reagent test / color test with FeCl3 reagent, Liebarmann Burchard, Wagner, and 

Dragendroff. Cd crystals positive to Dragendorff reagent and Wagner. In the C-d crystal  
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there was a color changed to orange on Dragendroff reagent and brown (there are brown 
sediment) on Wagner reagent as seen in Figure 4.6. 

 
 

 
                                                                                                
                                                      (a)                               (b) 
Figure 4.6 The result of C-d crystals Test on Wagner reagent (a) and Dragendorff reagent 

(b) 
Untuk mengetahui kepolaran dari kristal Cd maka dilakukan uji kelarutan. Pada uji kelarutan 
kristal Cd tidak larut dalam n-heksan, larut dalam aseton, etil asetat,  kloroform dan 
methanol. To know the polarity of th C-d crystal  then solubility test was done. In the 
solubility test, C-d crystals  were not soluble in n-hexane, soluble in acetone, ethyl acetate, 
chloroform and methanol. 

b. On the melting point test it was obtained crystal Cd melting point at 144-145 oC. From this 
test, it can be seen the purity of a compound.  If the compound has a melting point with a 
low trajectory then the compound can be categorized as a pure compound because if the 
trajectory is high then in that compound still contained impurities. 

c.  The results of IR spectroscopic measurements of C-d crystals. 
Infrared spectroscopy (IR) can be used to identify a compound that has not been known 

because the spectrum produced is specific to the compound. Chromatograms IR spectroscopy 
results of C-d crystals  can be seen in Figure 4.7. 
Table.4.4 IR spectrum analysis results on the Gulma Siam leaves (C. odorata). 

NO. Wave number cm-1  
on Gulma Siam leaves (C. odorata) 

Cluster 

1 3329,14 N-H 
2 2916,37 C-H Aliphatic 
3 1620,21 C=C Aromatic 
4 1465,9  –CH2 

5 1357,89 C-N  
6 1068,50 C-O 

 

 
Figure. 4. 7. Infrared Spectrum of C-d Crystal 
  

B. Discussion 
1.   Fractionation of flash column chromatography 

The C  Fraction  (0.9 g) in the form of a brownish green solid of a VLCC result was a 
further analyzed fractions. Reagent FeCl3  test  for C fraction  showed negative results where 
there were no changes in color, which indicated that the fraction C contained no flavonoids. 

For Wagner and Dragendroff reagent test gave a positive result on the alkaloid with 
color change from brown to orange at Dragendroff reagents and there was a brown precipitate 
on Wagner reagent. In Lieberman Burchard reagent showed positive results against steroid with 
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a color change from brown to green, this is due by the time of merger fractions, some fractions 
that contained in C fraction  were intersecting with B fraction. In the solubility test the C 
fraction  was not soluble in n-hexane, slightly soluble in acetone and completely dissolved in 
ethyl acetate, chloroform, and methanol (Table 4.3), this was indicated that the compounds 
contained in fraction C is polar. This fraction has a pretty good TLC separation result. The C 
fraction  with eluent ethyl acetate: n-hexane (4:6) first analyzed with TLC before flash column 
chromatographed using several comparisons of different eluent. TLC  itself aims to find out the 
number of components compounds still contained in C fraction  that can be seen from the 
number of stains that appear on the chromatogram. 

Moreover, TLC also aims to find out the best eluent for flash column chromatography. 
From the TLC test gave result that the most good eluent for use on flash column 
chromatography was ethyl acetate  : n-hexane eluent (6: 4). 
2.   Purification 

The C-d fraction  (green color crystals and amorphous shaped) were washed with n-
hexane then recrystallized using ethyl acetate to obtain more pure results (white color crystals 
and amorphous shaped) with a weight of 10 mg and showed single chromatogram of three 
eluent system with varied polarity level from relatively less polar eluent to relatively polar 
eluent. 

The rf value is greater in relatively polar eluent that are chloroform: n-hexane (7: 3) 
with rf values 0.325, ethyl acetate: n-hexane (9: 1) with rf values of 0.5 and acetone: n-hexane 
(9: 1) with rf value of 0.825. This was indicated that the compounds obtained are relatively 
polar compounds, in accordance with the solubility properties of a compound based on polar 
solvent with dissolved compounds that is if polar solvent enhanced then the solute compound 
rise in accordance with the increase of its solvent means that the compound is a polar 
compound. 

Table4.5 The Results Identification Test of C-d Fraction 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3.   Identification 

Identification result of C-d Crystal was positive on Wagner reagent that indicated a 
brown precipitate and also positive on Dragendroff reagent (Table 4.5) that gave color changed 
from clear to orange. 
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1357,89 C-N Amin 

1068,50 C-O 
Alkaloids 
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This was indicated that the crystal was alkaloid positive. The melting point was 144-
145OC that showed a sharp trajectory. For the solubility test of the C-d crystals was not soluble 
in n-hexane, but dissolved in ethyl acetate, chloroform, acetone and methanol (Table 4.5) 
Table 4.5 Identification Results (solubility test, reagents and IR) Cd crystal  
 IR absorption spectra that widened in the area 3329.14 cm-1 indicated the presence of N-
H group, strengthened by the presence of CN absorption in the area 1357.89 cm-1. Sharp 
absorption in the area 2916.37 cm-1 indicated the presence of aliphatic C-H group, strengthened 
by the presence of absorption in the area 1465.9 cm-1 indicated the presence of-CH2- bending. 
Whereas medium absorption was at the area 1620.21 cm-1 was suspected absorption from 
aromatic C=C group. For absorption in the area 1068.50 cm-1 was suspected absorption from 
C-O group. 

Based on the interpretation of data obtained from infrared spectrum (IR), positive on the 
color test using reagent Dragendorf and Wagner, not soluble in n-hexane, but soluble in polar 
solvents such as ethyl acetate, chloroform, acetone and methanol as well as the literature search 
then it can be concluded that crystal Cd that was obtained suspected to be alkaloid class 
compound. 
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ABSTRACT 
 
The use of sunscreen by the public, especially in Indonesia is quite popular. Health and 
beauty reasons underlying the popularity of the use of sunscreen products. This further 
fueled by increasing public awareness on the dangers of UV radiation of sunlight that the 
intensity at last decade more higher. It has been widely demonstrated that UV radiation of 
sunlight can cause sunburn (tanning effect to the skin), premature aging such as the 
appearance of dark spots and wrinkled skin, melanoma and non-melanoma skin, and 
cancer. Among the active particles are often used in sunscreen products as UV radiation 
filters are particles of TiO2 and ZnO based nano size. Along with the development of 
nanotechnologies, sunscreen products are also diversified, often combined with 
cosmetics. This paper aims to disseminate to the public, especially in Indonesia about 
how the characteristics of nanoparticles TiO2 and ZnO in sunscreens, the effectiveness of 
the particle as a barrier to UV radiation, and the dangers that can be caused by excessive 
use of the product. 
 
Keywords: sunscreen, nanoparticle, TiO2, ZnO, UV radiation. 

 
 

A. Introduction 
 

Nowadays, using of sunscreen by the public especially in Indonesia is quite popular. Most 
people use sunscreen products to maintain healthy skin and beauty. The presence of sunscreen 
on the skin layer is expected to anticipate the sun's heat so as not to burn the layer of skin, 
preventing skin cancer and premature aging (Steven-Wang, 2012). Initially, only a sunscreen 
cream that is used topically to the whole body, especially on body parts exposed to the sun. 
However, the development of technology gives diversified packaging of product sunscreen. In 
addition to the form of creams, sunscreens also exist in the form of a gel, lotion, mousse, spray, 
stick, and wipes. In fact, the development of nano technology allows the active ingredients of 
sunscreen combined with cosmetic so successful in the market. Based on data from the ongoing 
study, Friends of the Eart mention that the nanoparticles have been added in the individual care 
products such as deodorant, soap, toothpaste, shampoo, hair conditioner, anti wrinkle cream, 
moisturizer, foundation, powder, lipstick, blush on, eye shadow, nail polish, perfume and 
shaving lotion (Anuradha Patel et al. , 2011). 

The dominant type of sunlight interacting with humans is ultraviolet light. Scientifically, 
ultraviolet light (UV) from the sun is divided into several types, i.e. UVA, UVB and UVC. The 
type of light is based on the UV wavelength region. UVA rays have a wavelength range of 320-
400 nm, UVB rays have a wavelength range of 290-320 nm, and the UVC have a wavelength 
range of 100-290 nm. UVC is almost completely absorbed by the ozone layer (97-99%), 
whereas UVA and UVB  rays partially able to reach the earth's surface and interact with human 
skin. During the day, the composition of the UV light is composed of 10% of UVB and 90% 
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UVA rays when the sun is perpendicular to the earth. When the sun inclines, the intensity of 
UVB rays will be reduced, while the intensity of UVA rays are relatively constant throughout 
the day (Nicholas et al., 1997). 

From time to time, the intensity of the sun's UV rays that reach the earth's surface is 
constantly increasing. This phenomenon is attributed the depletion of the ozone layer and the 
greenhouse effect. Splendor of the use of ozone depleting substances (ODS) such as CFCs and 
HCFCs has led to radical particles are continuously decompose ozone into oxygen radicals and 
generate new particles (Fahey-Hegglin, 2010). CFCs and HCFCs are generally used to help 
power the spray on cosmetic appliances such as hair spray, mosquito spray, automotive 
maintenance equipment, house cleaners, spray paints, as well as air conditioning and 
refrigeration coolants. This condition is further aggravated by the greenhouse effect due to the 
high concentration of carbon dioxide in the earth. Increasing the amount of carbon dioxide in 
the lower atmosphere causing UV rays of the sun is trapped in the Earth's atmosphere so that the 
resulting radiation is also higher (IPCC, 2007). 

Increasing UV radiation on earth has raise public awareness and concern on the dangers 
of radiation. Nearly all cancers are either melanoma or nonmelanoma skin caused by excessive 
sun exposure (Armstrong-Kricker, 1993; Armstrong et al., 1997). The International Agency for 
Research on Cancer (IARC) has identified that high-intensity UVB radiation can damage DNA 
cells directly, whereas UVA radiation trigger skin cancer when absorbed in melanin. Both UVA 
and UVB radiation trigger the production of reactive oxygen species (ROS). UVA radiation of 
sunlight is responsible for more than 90% of skin cancer cases, whereas UVB radiation is 
responsible for skin pigment brownish to burn, known as erythema (Grist et al., 1993). 
Malignant melanoma and basal cell cancer (BCC) is associated with intermittent sun exposure is 
mainly experienced by children and adolescents. Squamous cell cancer (SCC) due to 
accumulated radiation exposure is associated mainly by solar UVA radiation, whereas lip cancer 
caused by sun exposure throughout life. An estimated 93% and 50% of skin cancer lip cancer 
caused by UV radiation from the sun (Gallagher et al., 2010; Balk, 2011). The highest 
melanoma cases occur in Quessland, Australia that there are 56 new cases per year per 100,000 
men and 53 women (Leiter-Garbe, 2008). In addition, high exposure of  UV radiation stimulates 
the appearance of cataracts, decreased body immunity, permanent eye damage in the form of 
retinal disorders 'Age macular degeneration' and premature aging.  

Sunscreen active ingredient is always progressing, both made from natural and synthetic 
chemistry. Initially, the organic materials are used as the sole active ingredients in sunscreens. 
However, susceptible to degradation when exposed to sunlight, then develop inorganic particles 
as active ingredient of sunscreen. Among the inorganic particles often used in sunscreens are 
titanium dioxide (TiO2) and zinc oxide (ZnO). At the microscale, particle leads a white coating 
on the surface of the skin, so the particle size is reduced to the nanosize (Wolf, 2001). At present 
time, sunscreen containing nanosized of TiO2 and ZnO have been widely circulated in the 
community. Nevertheless most people including Indonesia society still doubt about the 
effectiveness and the safety of nanoparticle-based sunscreens. Therefore, this article will discuss 
about the characteristics, effectiveness, and health risks in the use of nanoparticle-based 
sunscreens, especially nanoparticles of ZnO and TiO2. 
 
B. Discussion 
 

Nanomaterial is a general term for both nanosize object in different shape and size 
(length, width or height). Nanotechnology is the manipulation of matter on a size between 1 to 
100 nm, where one nanometer is equal to one millionth of a millimeter (National 
Nanotechnology Initiative, 2009). Changes of matter at the nanoscale is able to produce a much 
different material properties compared with larger particles. The nature of the changes include 
color, solubility, strength of materials, electrical conductivity, and magnetic behavior. 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-205 

Nanoparticle materials have a larger surface area relative to volume. This makes the chemical 
nature of the substance to be more reactive than larger particles. 

 
Physical Characteristics of Nanosized TiO2 and ZnO 
  

Sometimes, manufacturers do not put a label on the actual product nanoparticles using 
nanoparticle materials. That is because the characteristics of nanoparticles which easy to form 
clots. Based on its physical form, nanosized of TiO2 and ZnO has three forms, namely primary 
particle, aggregate and agglomerate, as shown in Figure 1. 

  

 
Source: Steven et al., 2011 
 
Figure 1. Physical form of nanoparticle: primary particle, aggregate, and agglomerate. 
 

The primary particle size of 5-20 nm is the smallest form of nano-crystalline particles. 
Primary particles tend to coalesce to form clumps (aggregates) due to the strong attractive force 
between the crystal particles. Size Aggregate particle is about 30-150 nm. Aggregates tend 
easily to form larger clumps and loose (agglomerate) by the effect of drying and heating during 
the production process. Agglomerate shape usually owned by TiO2 and ZnO particles as a 
powder (Steven et al., 2011). 
 
Potential Protection of Nanosized TiO2 and ZnO in Sunscreen 

Particles of TiO2 and ZnO including inorganic active ingredients in sunscreens that have 
been developed to protect the skin of the harmful effects of UV rays. This is related to the 
characteristics and potential of  those particles. Both minerals are not soluble in water and their 
performance are affected by particle size. 

In sunscreen, there are three mechanisms of UV radiation attenuation, i.e. the absorption, 
scattering, and reflection. However, in general there are two ways of electromagnetic radiation 
interacts with matter, i.e. absorption and scattering. Comparison between scattered to radiation 
light absorbed depends on the particle size. The larger the particle size, the ratio between 
scattering and absorption greater. Conversely, the smaller the particle size the ratio between 
scattering and absorption are getting smaller. Therefore, in the case of nanosized ZnO and TiO2 
process uv rays absorption is more dominant occurs (Henry-Zoe, 2009). 

Nanosized particle also affects the properties of the conductor material. The smaller the 
particle size causes the energy gap between the valence band and conductor band further away. 
It means that the nanoparticles are more semiconductor or even changed insulator. Thus, 
absorption of UV radiation required to raise an electron from the valence band to the conduction 
band requires a larger energy. Nanosized TiO2 has the potential to protect the skin from the 
effects of UVA radiation, while nanosized TiO2 has the potential to protect the skin from the 
effects of UVB radiation. So, the combination of sunscreen active ingredients consisting of 
nanosized TiO2 and ZnO will provide protection to a broader spectrum (Nicholas et al., 1997). 
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In terms of stability, nanosized ZnO are much more stable than TiO2 particles when 
exposed to sunlight. ZnO particles are not photoreactive so it does not generate harmful free 
radicals. While TiO2 is more photocatalytic by releasing electrons or particles radicals when 
exposed to the radiation light. Therefore, the particle surface is usually wrapped inert material 
such as aluminum oxide or silicon oil. This coating is important because the photocatalytic 
properties of nanosized titanium dioxide harmful to skin fibroblasts, nucleic acids and cell-cell 
carcinoma of the human small intestine. In addition, it is also useful to improve the dispersion 
of nanoparticles in sunscreen formulas (Anuradha Patel et al., 2011). 

Initially, microsize (powder) TiO2 and ZnO particles used as a sunscreen active ingredient. 
Unfortunately, these microparticles have a shortage, i.e. less effective at absorbing UV light and 
lead to white residue on the skin surface. Furthermore, microsize (agglomerate) is reduced into 
nanosize (aggregate). Changes in particle size into the nano turns out to be transparent so that 
the white layer on the surface skin invisible either in the form of aggregate or agglomerate. In 
addition, nanosized particles make the surface become wider thereby increasing the absorption 
of the particles against UV radiation. Thus, smaller particle size higher the Sun Protection 
Factor (SPF) value significantly. SPF value indicates duration of sunscreen to protect the skin 
before burning. SPF can be defined as the rasio between the minimal dose that produces 
perceptible erythema on the skin (i.e., minimal erythema dose) /MED) in the presence or 
absence of 2 mg/cm2 of sunscreen, using solar simulated radiation as a light source (United 
State Food and Drug Administration, 1999). The scientists recommend the use of sunscreen 
products that have SPF value of at least 15. Actually, SPF value of sunscreen only indicates 
protection against UVB radiation. 

To obtain a wider absorbtion area (filter UVA and UVB), the composition of the formula 
should use a combination of nanoparticles with different sizes (Steven et al., 2011). Indicator  of 
sunscreen protection against UVA radiation can be seen from the value of the critical 
wavelength (CW). CW is a wavelength region where the absorption of the UV light reaches at 
least 90%. The greater ability of sunscreen protection against UVA radiation, the greater the CW 
value. The label "broad spectrum" of sunscreen products are only allowed for products that CW 
value is larger than 370 nm (FDA, 2011). This is consistent with the results of research 
conducted by Costello et al. (2012) that broad spectrum sunscreens can reduce the damage of 
the dermal molecules so that preventing skin damage caused by the UV radiation. 

Based on the characteristics of nanosized TiO2 and ZnO which easy to agglomerate, 
sunscreen manufacturers must maintain the optimum particle size until the end of the production 
process. One way to do this is by adding a dispersing agent so that the components can be 
mixed in sunscreen evenly. The presence of dispersing agent in sunscreen formula was able to 
enhance the SPF value up to 5 times (Steven et al, 2011). Sunscreen usually also contain film-
forming additives (such as acrylate, acrylamides, and copolymers)  so that when sunscreen is 
applied to the skin will feel supple, uniform, and thoroughly wrap (Schwarzenbach-Huber, 
2003; Hunter-Trevino, 2004). 

Aggregate of nanosized TiO2 and ZnO in sunscreen can be designed as a hollow sphere. It 
can improve the performance of the sunscreen products i.e. enhance the SPF value, reducing the 
potential for irritation of the skin, resulting in a softer texture, and more transparent when 
applied to the skin surface thereby increasing its aesthetic value (Jones, 2002; Miki Uematsu et 
al.,undate). Modified particle can also be done by doping TiO2 crystal with manganese (Mn).  
Manganese ions in the crystal are placed in and on the surface of TiO2 particles. This modified 
aim to overcome the reactivity of TiO2 particles. The crystal modified successfully prevent the 
formation of free radicals, therefore TiO2 coating is not necessary. Material doped Mn-TiO2 

particle improves retention percentage of organic ingredients and vitamins to make them more 
stable. Vitamins function as an anti-aging active ingredients, thus indirectly TiO2 provide 
advantages in anti-aging skin products as effectively as its role as protector of UV light 
(Wakefield et al., 2006; Hewitt et al., 2008). 
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Potential Toxic Properties of Nanosized TiO2 and ZnO in Sunscreen 
  

The main issues of application of nanosized TiO2 and ZnO as active ingredients in 
sunscreen is the potential toxic properties. The toxic properties associated with the ability of 
nanosized TiO2 and ZnO to generate free radicals and reactive oxygen species (ROS) during 
exposure to UV radiation. Widely surfaces of particle at the nanosized will increase the 
reactivity of substances, particularly the formation of oxygen radicals. This is especially feared 
because of reactive oxygen species can damage DNA, can cause mutations, can damage 
proteins and fats causing permanent injury to cells and tissues. In fact, the widespread damage 
by ROS can cause changes in the genetic code of the entire body tissues. Although the body has 
a natural antioxidant defenses against ROS, but the system would be overwhelmed if the body's 
endogenous receive excessively oxidative substances. 

Some things that need to be understood by the consumer sunscreen products including the 
following. First, nanoparticles of TiO2 and ZnO in its application covered by a protective layer 
on its surface. The protective layer serves to protect the nanoparticles of contact with other 
materials including oxygen. Thus, nanoparticles are inert and the risk of free radical formation 
can be prevented. Components can be used as the protective layer such as silicon dioxide, 
stearic acid, and aluminum stearate (Lademann et al., 2000). Second, the skin has its own 
antioxidant mechanism consisting of molecules of enzyme and non-enzyme, to cope with ROS 
(Steven et al., 2011). Thus, ROS generated by nanosized TiO2 and ZnO during UV exposure can 
be neutralized by the body's natural defense mechanism. Furthermore, modified TiO2 crystals 
have been proved could stabilize the photocatalytic properties of TiO2 particles (Wakefield et 
al., 2004).  

In terms of solubility, ZnO particles are easily soluble form zinc ions compared to TiO2 

particles. Zinc ion is one of the minerals that the body needs to intake of about 10-15 mg/day 
(Henry-Zoe, 2009). It means that if there is zinc ions are absorbed into the body will be 
processed by the body. Thus the use of ZnO as active substance in sunscreen is relatively safe. 
Another important thing to be consider related the safety of use nanosized TiO2 and ZnO are 
both nanoparticles have been widely used in various products for decades. TiO2 is often used in 
various products such as toothpaste, lotions, skim milk, and cheese boxes, while the ZnO 
commonly used in baby powder, anti-dandruff shampoo, and various creams. However, the 
photocatalytic activity of nanoparticles must be continuously monitored so as not to damage the 
composite product system. Therefore it is necessary supervision and testing, especially when the 
merger of the matrix polymer with nano particles (Anuradha Patel, 2011). 

 
Potential Penetration of Nanosized TiO2 and ZnO into the Skin 
 

The anxiety by the harmful effects of very small particle size (nano size) also appears. It 
happens because there are fears that nanoparticles will penetrate into the skin layers to the 
internal organs. Research on this subject have been carried out either by government, industry, 
and academia.  The results showed that TiO2 and ZnO relatively little penetrates the skin and is 
not visible to penetrate the stratum corneum in healthy human skin or wounded (Zvyagin, 2008; 
Sadrieh et al., 2010; Hallmans, et al., 1985; Agren, 1990; Agren et al., 1991). Analysis of 
possible penetration of nanoparticles on the burn skin due to exposure to radiation  have been 
conducted (NA Monteiro-Riviere et al., 2011). The results showed that up to 48 hours of 
exposure no penetration ZnO occurs, while the TiO2 penetration only occurs in the stratum 
corneum layer with the depth twice of the normal skin, but still tolerable, whereas the layer 
transdermal absorption does not occur. In general, the penetration of nanoparticles into the skin 
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layer is minimal category. 
When the nanoparticles are added to the cream or lotion, the primary particles tend to 

coalesce to form aggregates due to strong attractive forces between molecules. Aggregates 
formed in a lotion or cream is too large to cross the blood-skin barrier. Although some of the 
nanoparticles found in the pilosebaceous open and shallow part of the follicle, the possibility of 
nanoparticles enter the body tissues through of transfollicular route can be ignored. It is  
because the hair growth tends to push the particles to the surface of the skin. However, there is 
the possibility of nanoparticles accumulated in the stratum corneum, but the skin renewal 
process by the epidermis will prevent long-term accumulation and nanoparticle penetration into 
skin tissue sections (Steven et al., 2011). 
 
Diversification Sunscreen Packaging 
 

Packaging sunscreen products had been developed. In the beginning, most of the 
sunscreen packaging is cream. Neverthelesss the cream packaging is less favored because hands 
dirty and takes more time. This constraint is an important issue because majority of consumers 
products are children and adolescents. Then, sunscreen product packaging has varied into spray 
form. Currently, sunscreen in spray packaging have been widely sold in the market, either single 
phase oil-based (emulsion sprays) or single phase alcohol-based (aerosol sprays). Sunscreen in 
spray packaging is often expressed as "continuous spray sunscreen” or “no-rub sunscreen" 
because it can be applied in a sustainable manner and without the need to scrub by hand. The 
concept is very fine particles and the polymer added to the solvent phase to assist the formation 
of a layer (film) on the surface skin. This product is preferred because the results are very 
satisfactory, i.e. invisible on the skin, not grained, and does not feel greasy on the skin (Tadros 
et al., 2003).  

Sunscreen in the wipe packaging is also available in the market. In this formula, a thin 
liquid emulsion containing active sunscreen ingredients impregnated into the wipe. This 
packaging is intended for use on small children to avoid the risk of spills or inhaled. In addition 
there is also a stick packaging for sunscreen. Stick packaging of sunscreen  is generally used for 
the lips and face to be easily applied and avoid greasy effect on the hand (Henry-Zoe, 2009). 

At present, the popular phenomenon is active ingredients of sunscreen combined in 
cosmetics. In terms of effectiveness, protection ability of sunscreen agents in cosmetic products 
may not be as effective as pure sunscreen. Nevertheless, the presence of multiple layers of 
sunscreen substances on the skin's surface will extend the performance of the sunscreen 
protection. In general, color cosmetic products are divided into several groups, i.e. facial 
foundation, facial powders, facial moisturizer, cosmetic eyelid, and lipstick. The presence of a 
number of pigment in the product formula will determine the level of product protection. For 
example, facial foundations that contain only small amounts of TiO2 has an SPF value of about 
2 because the radiation is still reach to the skin. Generally, facial foundation has an SPF value of 
about 6 which allows the product still produce invisibility effect (translucent). Moreover, the 
presence of organic UVA and UVB filter allows increased SPF value of the product to 15 (Floyd 
et al., 1997; Angelinetta et al., 1995). 

In addition to enhancing the protection of the skin from UV radiation, the formulas of 
inorganic particles also increase the aesthetic value. For example, transparent white layer by 
nanosized TiO2 and ZnO makes skin look brighter and feels smoother. In addition, the doped 
Mn-TiO2 particles produce a light brown color (beige) in order to obtain natural color cosmetics 
such as skin color. Emulsion nanoparticles is also commonly used in products conditioner or 
lotion. Nano emulsion combined with traditional cosmetic ingredients such as water, oil, and 
surfactant, in a two-phase system which the size droplet about 50-100 nm dispersed in an 
external phase (aquaeous). Tiny droplets that produce a transparent nano emulsion and smooth 
effect (Sonneville, 2004). 
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C. Conclusion and Suggestion 
 

Application of nanoparticles of TiO2 and ZnO as inorganic sunscreen active ingredient 
provides many advantages, of which raises no skin irritation, allergies, inert to the other 
constituent materials sunscreen, minimal penetration into the skin and has a broad spectrum of 
protection. In the production process of the sunscreen active ingredients, besides determine the 
optimum particle size is also important to keep the particle size until the end of the production 
process. This is related to the nature of the particles easily form aggregates or agglomerates. 
Advances in nanotechnology accompanied the development of nanoparticles of TiO2 and ZnO 
as the active ingredient of sunscreen allows the creation of cosmetic products to be more 
effective and elegant. In addition to concentrating on the determination of the type and 
concentration of the active ingredient UV filter, it should be considered is compatible other 
ingredient in sunscreen formulas, such as dispersing agents, moisturizers, thickeners, stabilizers, 
and perfume. A suitable combination of such material will increase the performance of both the 
potential for protection from UV radiation and increased aesthetic value. However, the 
convenience and safety of the consumers becomes a major factor in calculating the efficacy of 
sunscreen ingredients. 

The important thing people need to realize that sunscreen is only one attempt to overcome 
the harmful effects of solar radiation. Society should also anticipate the hazards of  radiation in 
other ways that do not involve the use of chemicals continuously, for example by using 
protective clothing, a hat, or umbrella when exposed to sunlight. Thus, sunscreen especially 
made from nanoparticles of TiO2 and ZnO are not used excessively and continuously so that the 
skin is able to regenerate and neutralize the toxic nature or the possibility of penetration into the 
skin and even blood vessels. 
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Abstract 
 

The structural and dynamics properties of solution Zr (IV) in liquid ammonia has been 
investigated by the method of ab initio QM/MM molecular dynamics simulations at the 
Hartree-Fock level. In this method, region with a high interest in the ion solvation layer 
of Zr (IV) were investigated by ab initio quantum mechanical Born-Oppenheimer while 
the rest of the system is described as classical 2-body potential. Structural properties were 
indicated by the coordination number, radial distribution, and angle distribution, while 
the dynamic properties were characterized by the mean ligand residence time. The 
Solvation number of 5 was found through methods of QM/MM with the modified 
LANL2DZ ECP basis set for Zr(IV) ion and DZP for N and H, in contrast to 10 obtained 
through 2-body potential simulation. No ligand migration occurs between the first and 
second shell. The mean ligand residence time in the second solvation shell is 8.67 ps. 
 
 
Key words: ab initio QM/MM MD method, 2-body potential, Zr (IV) ion, liquid 
ammonia, solvation 

 
 
INTRODUCTION 

The structure and dynamics of solvation of some metal ions has been investigated both 
experimentally and theoretically . This investigation is important because in the fact that the 
chemical processes occurring between substances in solution. Solvation structure of metal ions 
in solution can be determined by spectroscopic, scattering and simulation methods. 
Spectroscopic methods include Nuclear Magnetic Resonance spectroscopy ( NMR ), Extended 
X - ray Absorption Fine Structure Spectroscopy( EXAFS),  Mössbauer, infrared ( IR ), and 
Raman scattering method include the X-ray, electron, and neutron diffraction. In addition to 
these two experimental methods, there are two methods of simulation that is often used is the 
Monte Carlo (MC) and Molecular Dynamics (MD) ( Hofer et al . , 2006) . 

Several studies of metal ion solvation in liquid ammonia has been done through MD 
and MC simulations. Examples of metal ions has been successfully investigated the Li+ ( 
Kerdcharoen et al . , 1996) , Co2+ , Cu+, and Cu2+ ( Pranowo et al . , 1999) , Ag + , Au + , Co2+ ( 
Armunanto , 2004) , and K + ( Tongraar et al . , 1997). 

By reaction of the tetrafluorides MF4 (M = Zr, Hf) with dry liquid ammonia at –40 °C, 
the pentaammoniates [M(NH3)4F4]·NH3 (1, M = Zr; 2, M= Hf) were obtained, and these 
compounds represent inorganic Zr and Hf compounds that simultaneously bear nitrogen and 
fluorine ligands. The Zr–N distance of 2.397 Å are known by X-ray diffraction method (Kraus, 
et.al., 2009). 

Structure and dynamics of  Zr4+ in water, liquid ammonia and ammonia solution is very 
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interesting to study experimentally and theoretically for the role of ions in the nuclear industry, 
solution chemistry, and biochemistry. The use of zirconium and zirconium compounds currently 
as an artificial joint material and support material production of antibodies. Zirconium is also 
used in nuclear reactors as a structural material and containers (Messner, et.al, 2011).  

Metallic zirconium in the aspect of the nuclear industry is very important but its role in 
biological has not been known, and only a few experimental studies and theoretical study of the 
structure of solvation ions in a state of the monomer so that the investigation of structure and 
dynamics of solvation of ions Zr4+ interesting to do through QM/MM dynamic molecular 
simulation. Structure and especially the dynamics of solvated transition metal ions are highly 
sensitive to the accuracy of simulation techniques, and it has been shown in several cases that 
only ab initio QM/MM simulations reach a sufficient level of accuracy for these data. In the 
present work, we carried out a QM/MM MD simulation for Zr4+ in liquid ammonia. 

 
2. METHOD 
2.1 Construction of potential functions 

The simulation of molecular dynamics was done through some steps. The first step is 
determining a proper basis sets and calculation method used at  interest region. The basis set of 
DZP for N and H  atom were selected as proofed sucessfully in a previous investigations. The  
LANL2DZ ECP of Zr was modified in order to compatible with Zr(IV). The Hartree-Fock 
method was choosen because it usually gives information about structural solvation well and 
indicates results of calculation were not different with MP2 method. 
 In QM/MM dinamics molecular simulations, potential 2-body and 3-body must be 
composed accurate. In this case potential of Zr(IV)-NH3 and NH3-Zr(IV)-NH3 interaction were 
based on 7632 point of ab initio energy calculated using TURBOMOLE at Hartree-Fock level. 
The Interaction Energy of Zr(IV)-NH3 calculated as this formula: 
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More than 7000 point energy are fitted by Levenberg-Marquardt algorithm to an analytical 
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 The fitting parameters of A, B, C, and D were listed in Table 1, while qZr(IV), qN, and qH 
are the charges of Zr(IV), N, and H, respectively. The r and ri are distances of Zr(IV)-N and 
Zr(IV)-H, respectively. The lowest of interaction energy for Zr(IV)-NH3 was found to be -
148.0177 kcal mol-1  at  2.3 Å, the root mean square deviation of the fitted function is 5.   kcal 
mol-1. The three-body ab initio energies were computed as follows: 
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where ab
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is the SCF energy of the H3N-Zr(IV)-NH3 interaction, 
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interactions. (i.e., ammonia-ammonia interactions, calculated by the flexible four site ammonia 
model). The analytical three-body fitting function was set up as 
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the ion-nitrogen distances for ammonia molecules are denoted by r12 and r13, respectively 
whereas r23 is the nitrogen-nitrogen distances between two ammonia molecules. The rcut is a 
cutoff  limit set to 6.0 Å, where three-body terms become negligible. 
 
Table 1. The final parameters of the analytical two-body potential functions and three-body 
correction function 

2-body A (kcal mol-1) B (kcal mol-1) C (kcal mol-1) D (kcal mol-1) 
Zr(IV)-N -13416.0701810 627532.6722430 -

2997676.689089 
2652060.1088025 

Zr(IV)-H -3237.0978587 10444.5473273 -7650.8783546 799.5098014 
 
3-body A1(kcal mol-1 Å-

4) 
A2(Å

-1) A3(Å
-1) 

N-Zr(IV)-N 0.6430085 0.4313762 -0.2344404  
 
 

2.2. Protocol Simulation 
The QM/MM MD simulation was performed in a canonical NVT ensemble, consisting 

of one Zr(IV) ion solvated by 215 ammonia molecules in a cubic box with a side length 20.826 
Å was employed. The simulation temperature of 235.16 K was kept constant by the application 
of the Berendsen algorithm with a bath relaxation time of 0.1 ps. The density of the system was 
fixed to the density of pure ammonia at the simulation temperature (0.690 g/cm3). The reaction 
field method was employed as a correction of the cutoff of long-range electrostatic interactions.  
The Newtonian equations of motion were integrated by a predictor corrector algorithm, and a 
time step of 0.2 fs was applied, which allows for explicit movement of hydrogens.  A cut-off 
10.413 Å was set except for N-H and H-H non-Coulombic interactions for which it was set to 
6.0 and 5.0 Å . The reaction field method was used to  account for long range electrostatic 
interactions (Armunanto, R., et.al., 2004). 
 Starting from a random configuration a classical 2-body potential molecular dynamics 
simulation was performed for 102 ps. With this equilibrated system the simulation was 
continued adding the 3-body potential as correction of 2-body potential for a total simulation 
time of 102 ps. Then the combined QM/MM treatment was invoked, in which the ion and its 
full first solvation shell were included into the QM region. To ensure the full inclusion of the 
first shell into the QM zone the radius of the QM sphere was set to 3.8 Å in accordance with the 
Zr–N RDF obtained from the classical simulation. After 2 ps of reequilibration, QM/MM 
simulation was continued for 400000 steps  in  resulting trajectory of 80 ps. The whole of 
QM/MM MD simulations were worked in Austrian-Indonesian Center  for Computational 
Chemistry Laboratory, FMIPA UGM.  The total force acting on a particle is calculated 
according to the expression 
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Where 
sys

MMF is the MM force of the whole system and QM
QMF and MM

QMF are QM and MM forces 

in the QM region while totF is the total force acting on a particle. The S(r) is a smoothing 

function that applied in a region of 0.2 Å to ensure smooth transitions of ammonia molecules 
between the MM and QM regions. 
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Free migration of ligands between QM and MM region is permitted in this approach (Hofer, 
T.S., et. Al., 2006) 
 
2.3. Dynamical properties evaluation 

The ammonia exchange between solvation shell is important for the reactivities of the 
ions. The rates of ammonia exchange was evaluated by mean residence time (MRT) analysis for 
the ammonia molecules in the second shell. The MRT of ammonia molecules in that shell was 
calculated by the direct method using a t* value of 0.0 and 0.5 ps (Armunanto, R., et.al., 2004). 
 
 
3. RESULT AND DISCUSSION 
3.1 Structural properties 

The RDFs of Zr-N and Zr-H and their integration number are displayed in Figure 1. The 
sharp peak located at 2.4 Å is observed for the first solvation shell, indicating a rigid structure of 
that shell. A coordination number of 5 is found in this shell, quite contrast to the flexible eight-
coordinated hydrate complex, Zr(H2O)8

4+. The higher coordination number in this complex 
indicated Zr4+ has the higher affinity to H2O compared to NH3.  
 

 
Figure 1. The Radial Distribution Functions of Zr-N and Zr-H and their corresponding running 
integration numbers. 
 

The broad second peak is centered at 5.3 Å and extends from 4.3 to 6.5 Å indicating a 
much more flexible second coordination shell. The Zr–N distance of 2.4 Å is in good agreement 
with experimental investigation that resulted a Zr4+-N distance is  2.397 Å (Kraus, F., et. al, 
2009). 

To clarify the number of  ammonia molecules surrounding the Zr4+ ion, the 
Coordination number (CN) distributions for the first  and second solvation shells obtained from 
the dynamics molecular simulation are depicted in Figure 3. A five-coordinated Zr4+ complex 
(100% occurrence) is observed for the first shell. In the second solvation shell, a large variation 
of the coordination number ranging from 9 to 21 is observed, with the highest occurrence 
percentage of 15. In the second shell, it was observed about 15 ammonia ligand that indicated 
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almost all hydrogen in the first shell bind to nitrogens in the second shell form hydrogen bonds. 
In this respect, the presence of 5-coordinated complexes in liquid ammonia and also angle 
distribution (see Figure 4) supplies information that the first solvation shell of Zr4+ is trigonal 
bipyramidal [Zr(NH3)5]

4+ arrangement (see Figure 2.).  
 

 
 
Figure. 2. Solvation structure of  Zr4+  in liquid ammonia. Molecules form a trigonal 
bypiramidal arrangement. 

 
 
Figure. 3. Coordination number distributions of the first and second solvation shell of Zr(IV) in 
liquid ammonia obtained from a QM/MM MD simulation. 
 

The distribution of the N–Zr–N angle within the first solvation shell was depicted in 
Figure 4. The ADF peaks at about 90, 120 and 170o  was observed. The structural arrangement 
of the ammonia molecules within the first shell may be though as a trigonal bypiramidal 
arrangement.  
 



Suwardi, et.al. / A QM/MM Simulation …             ISBN. 978-979-99314-8-1 
 

 
C-218 

 
Figure. 4. Angular distribution function of the N–Zr–N angle in the first solvation shell of the 
Zr–NH3 geometry obtained from a QM/MM MD simulation. 
 
The ligand exchange of NH3 can indicate reactivity of Zr4+ ion. In the case no migration ligand 
between the first solvation shell and second shell, however the exchange process occurred 
between the second shell and bulk as indicated in Figure 5. Because of that Zr4+ in liquid 
ammonia has the low reactivity. 

 
 
Figure. 5 The ligand exchanges of NH3 between the second solvation shell and bulk. No ligand 
migration between the first and second shell. 
 

The mean residences time of a ligand is defined as the average lifetime of a ammonia  
molecule in a given coordination shell. The mean residence times of ammonia molecules () in 
solvation shells have been calculated according to Impey using t* = 0.5 and 0.0 ps. For the 
QM/MM simulation, the mean residence time in the second solvation shell 8.67 ps (t*=0.5) and 
0.0437 ps (t*=0.0 ps) for 30 ps simulations. The high MRT indicated the high stability of 
solvation structure in the first shell. 
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4. CONCLUSION AND SUGGESTION 
The structure and dynamics of Zr4+ in liquid ammonia were investigated in much  detail.  

The coordination number and Zr-N bond length was resulted in this simulation similar with 
experimental XRD data. The coordination number of 5 observed for the first solvation shell 
similar to an trigonal bypiramidal Zr(NH3)5

4+ complex. No first shell ligand-exchange processes 
occurred during the simulation time of 30 ps.  In contrast, the mean residence time of ligands in 
the second coordination shell is large enough, indicating a high stability of the second solvation 
shell in the case of ammonia. The extended QM treatment in this simulations may improve the 
accuracy of the results or using a new method, that is QMCF method. 
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ABSTRACT 
 

 Comparative study of methods in the synthesis of magnetite between hydrolysis 
oxidative and co-precipitation method has been done. Hydrolysis oxidative method was 
done by added the solution of KOH (22.45 g) and KNO3 (3.23 g) in water (120 ml) into 
solution of FeSO4∙7H2O (40.00 g) in water (280 ml) in the N2 atmosphere at 90 oC. Co-
precipitation method was done by added dropwise the solution of NH4OH (1 M) into 200 
mL of FeSO4

.7H2O and FeCl3
.6H2O solutions (molar ratio 1:2) with total concentration of  

6 M  until pH 11.5. The solid phase formed in each method was then filtered, washed, 
and dried. The characterization of product by XRD and FTIR methods indicated that co-
precipitation method produced higher in rendemen (81.25%) than that of hydrolisis 
oksidative method (71.26 %). In addition, the size of magnetite produced by co-
precipitation method (15.7 nm)  smaller than that of produced by co-precipitation method 
(27.8 nm). 
Key words: magnetite, Hydrolysis oxidative, co-precipitation 
 

 
Introduction 

Magnetite, Fe3O4 is one of the important iron ores and ubiquitous in nature. It is a 
common constituent of igneous and metamorphic rocks. Due to its black colour, surface 
chemistry and strong magnetic property, it has found a great number of applications in industry 
(Wei and viadero, 2007; Mayo et al, 2007). Magnetite has attracted much interest in their 
applications in various fields, not only in the field of medical care, such as in drug delivery, 
magnetic hyperthermia and magnetic resonance imaging (Gupta  et al., 2004; Yu  et al., 2008; 
Kallumadil  et al., 2009), but also in environmental protection (Oliveira et al., 2002; Wu et al., 
2005). Particles of magnetite can be used to adsorbed contaminants from both of liquid and gas 
waste, then those adsorbent can be separated from medium by using some magnetic process 
with the result that can be reuse  (Booker et al, 1991). There are several methods for 
synthesizing euhedral or irregularly shaped magnetite nanoparticles with sizes from 5 to 120 
nm, including coprecipitation, hydrothermal and electrochemical synthesis, ultrasound 
irradiation, pyrolysis and hydrolysis oxidative (Corr et al. 2008; Liu et al. 2005). Each of those 
method has both of a weakness and superiority. In the present paper the authors reported the 
comparative study of methods in the synthesis of magnetite (Fe3O4),  namely, co-precipitation 
of Fe(II) and Fe(III) in an alkali solution, and oxidation of ferrous hydroxide. 
 
Research Method 
a. Material 
 All of reagents used in this research are analitycal grade  and used without further 
purification, it were purchased from   E. Merck. The exceptions are aquadest that was produced 
by laboratory of analytical chemistry of  Universitas Gadjah Mada and nitrogen that was 
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purchased from PT Aneka Gas. Those reagents  include FeCl3
.6H2O, FeSO4

.7H2O, HCl 37%, 
KOH, NH4OH, and KNO3. 
b. Instrumentation 

The instruments used in this research include FTIR spektrophotometer  Shimadzu 
FTIR-8010PC, X-ray difractometer  Shimadzu  XD-3H, pH meter Orion 710A, analytic balance 
Mettler AE200,  magnetic stirrer P/N 510-652, filter paper Whatman 42. Fourier transform 
infrared (FT-IR) spectra were recorded on Shimadzu Varian 4300 spectrophotometer in KBr 
pellets. 
c. Procedure 

Synthesis of magnetite by  hydrolysis oxidative method. Synthesis of magnetite by 
co-precipitation method in this research refers to the method has been developed by 
Schwertmann  and Cornell  (1991) with some modification.  FeSO4

.7H2O (40 g) and 280 mL of 
aquadest were introduced into a four-neck bottom-rounded flask equipped with a thermometer, 
stirrer and continue N2 bubbling through the solution.  The function of  continue N2 bubbling 
was to get inert condition by remove O2 from the solution and its atmosphere. The solution was 
then stirred and heated at 90oC,  then slowly added dropwise. by  120 mL of solution containing 
KNO3 (3.23 g) and KOH (22.45 g). The reactants were constantly stirred using a magnetic 
stirrer until the finishing of solution addition. The liquid precipitate was brought to a reaction 
temperature of 90oC and stirred for 1 h. The product was then cooled to room temperature. The 
precipitated magnetite was separated from the supernatant by filtration with Buchner funnel. To 
get free particles from kalium  and nitrate compounds, the precipitate was then washed twice 
with distilled water.  The solid was dried at 110oC in the oven for 2 hours, and weighted. 
Characterization of final product was carried out by X-ray diffraction and FT-IR methods. 

Synthesis of magnetite by coprecipitation method. Synthesis of magnetite by co-
precipitation method in this research refers to the method has been used by Vaclavikova et al 
(2003) with some modification.  Solution of NH4OH (0.1 M) was added dropwise into 200 mL 
of FeSO4

.7H2O and FeCl3
.6H2O solutions (molar ratio 1:2) with total concentration of  6 M.  

The reaction was carried out at room temperature and was vigorously stirred during the 
chemical reaction. When  reach at 11.5 of pH, the mixture was stirred for another 10 minutes 
and then the precipitated magnetite was separated from the supernatant by filtration with 
Buchner funnel. The solid was washed 3 times with aquadest, dried at 110oC in the oven for 2 
hours, and weighted. Characterization of final product was carried out by X-ray diffraction and 
FT-IR methods. 

 
Result and Discussion  

Materials produced by both of hydrolysis oxidative and co-precipitation methods were 
black powder with magnetic properties (Figure 1). Those physic properties agree with natures of 
magnetite. This statement was supported by some evidence from FT-IR spectra and X-ray 
difractogram as below. 
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Figure 1 Materials produced by hydrolysis oxidative (a) and co-precipitation (b) methods were 

attracted by external magnetic field  
 
The structural of the synthesized magnetite samples were obtained by X-ray powder 

diffraction (XRD) and FTIR spectroscopy. FTIR spectroscopy which is a useful technique to 
differentiate between different iron oxide crystals as well as between magnetite and maghemite 
phase (Tartaj, 2003; Cornell and Schwertmann, 2003) was carried out to characterize the 
synthesized magnetite. Figure 2 presented the Mid-Far infrared spectra of samples produced  by 
hydrolysis oxidative and co-precipitation. There are two main bands corresponding to Fe3O4 can 
be observed, namely at 582 and 397 cm-1. These are metal–oxygen bands that correspond to the 
intrinsic stretching frequencies of the tetrahedral and octahedral sites, respectively, of the 
inverse spinel cubic of Fe3O4 (Sen and Bruce 2009; Socrates 1994). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  FT-IR spectra of samples produced  by hydrolysis oxidative (a) and co-

precipitation (b) methods 
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The number of bands and band positions of other  iron oxide phases such as goethite, 

hematite, ferrihydrate and maghemite in Mid-Far IR region differ from what is observed in the 
FT-IR spectra of the sample synthesized by hydrolysis oxidative method, implying formation of 
magnetite as the dominant phase.  In addition, the FT-IR spectra of the washed and dried sample 
shows no residual organic compound so the obtained product is pure enough. 

 The main difference between the spectrum of samples prepared by hydrolysis oxidative 
method and the spectrum of samples prepared by co-precipitation method is the bands appearing 
at 894.9 and at 798.5 cm-1. These two bands were found in the spectrum of sample prepared by 
co-precipitation method (Figure 2b), but do not appear in the spectrum of sample prepared by 
hydrolysis oxidative method (Figure 2a). According to Parida and Das (1996), it can be 
attributed to the O–H bending that probably comes from goethite, γ-FeOOH.  

The crystalline structure of the product was characterized by the XRD technique. The 
XRD spectrum can be matched to the series of Bragg reflections corresponding to the standard 
and phase pure spinel structure of Fe3O4 with a lattice constant a = 8.41 Å (JCPDS 02–1035) 
and no additional reflections were observed. The XRD pattern of sample produced  by 
hydrolysis oxidative and co-precipitation methods are presented in Figure 3.  

Both XRD patterns are characteristic of spinel phase crystallites where the peaks from 
left to right are assigned to 220, 311, 400, 422, 511 and 440 reflections (JCPDS 19-629). It was 
noted that although the goethite bands was detected at FT-IR spectra (for the sample  
synthesized by co-precipitation method), the peaks of goethite disappeared at the X-ray 
difractogram. It is indicated that the goethite formed still amorf.  Figure 3(b) clearly showed  the 
peak broadening. According to Suryanarayana and Norton  (1998) the peak broadening is due to 
the smaller crystallite size of the material. Based on the reference above, we estimate that 
magnetite synthesized by coprecipitation has smaller in size  than that of synthesized by 
hydrolysis oxidation method.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 The XRD pattern of sample produced  by methods of hydrolysis oxidative (a) 

and co-precipitation (b)  
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Quantitatively, the magnetite nanoparticles size can be estimated from the XRD pattern 
by using the Scherrer equation (Sun  et al., 2004): 

                                D = 
��

�����
 

where λ is the X-ray wavelength (0.15406 nm), B is the full width at half maximum (FWHM), θ 
is the corresponding  Bragg  angle, and  K  is  the  shape  parameter,  which  is  0.89  for  
magnetite and maghemite.  Taking  the highest intensity peak, namely the (311) plane, at 2θ = 
35.4°, and the half maximum intensity width of the peak after accounting for instrument 
broadening, the calculated particle sizes are 67.8 nm for sample synthesized by hydrolysis 
oxidative method and 15.7 nm for sample synthesized by co-precipitation  method. 
           Dufour (1997)  stated that in the hydrolisis oxidative  method the reaction begins with 
rapid precipitation of Fe(OH)2 after addition of the kalium hydroxide  to the iron(II) sulfate  
solution.  It is believed that the magnetite formation then starts with oxidation of Fe(OH)+ (the 
dissolved form of Fe(OH)2) in water:   

Fe(OH)2(s)  →         [Fe(OH)]+
(aq) + OH-                                                                          (1)                                                        

Subsequently, the oxidation takes place as follows:       
2[Fe (OH)]+

(aq) + ½ O2 + H2O     →   [Fe2(OH)3]
+3

(aq)  + OH-                                          (2)  
The intermediate entity [Fe2(OH)3]

+3
(aq), can be combined with another [Fe(OH)]+

(aq)  entity to 
form Fe3O(OH)4

2+
(aq), which has the same Fe(II)/Fe(III) ratio as magnetite (equation 3).  

            [Fe2(OH)3]
+3

(aq) + [Fe(OH)]+
(aq) + 2OH- →  Fe3O(OH)4

2+
(aq) + H2O                                 (3)  

 At high oxidation rate or low pH value, it will further oxidize to goethite (or other 
Fe(III) oxy-hydroxide), however, if the concentration of dissolved oxygen in water is low and 
the pH is high (such as in our experimental condition), slow oxidation takes place, and de-
hydroxylation occurs prior to oxidation, so that the intermediate transfers to crystalline 
magnetite according to the following reaction:  
           Fe3O(OH)4

2+ 
(aq) + 2OH-   →  Fe3O4 (s)  + 3H2O                                                                 (4)  

Then the overall reaction is: 
3Fe3+

(aq)    +   6OH-   +   ½ O2     →    Fe3O4 (s)  + 3H2O                                                 (5) 
Based on the overall  reaction, in the complete reaction 55.6 g of FeSO4

.7H2O will produced 
15.467 g of  Fe3O4.. The magnetite produced in this research was  11.021 g, and the rendemen 
was 71.26%. 

According to previous researcher (Bandhu et al, 2009, Zhao and  Asuha, 2010;  
Valenzuela et al, 2009), mechanism  of magnetite formation in the co-precipitation  method  
using  Fe2+  and  Fe3+   ions  reacting  in  alkaline  conditions  was:   
            Fe3+ (aq)  + 3OH− (aq)   →    Fe(OH)3 (s)                                                                              (6)  
            Fe(OH)3 (s)  →  FeOOH (s) + H2O                                                                                     (7)  
          Fe2+

(aq) 
 + 2OH−

(aq) 
 → Fe(OH)2 (s)              (8)  

          2FeOOH (s) + Fe(OH)2 (s)  →  Fe3O4 (s) + 2H2O                                                                 (9)  
Giving an overall reaction:  
2Fe3+  + Fe2+  + 8OH−   →  Fe3O4 (s) + 4H2O                                                                            (10)  
Based on the overall reaction, in the complete reaction 55.6 g of FeSO4

.7H2O and 54.1 g of  
FeCl3

.6H2O will produced 23.2 g of  Fe3O4.. The magnetite produced in this research was  18.85 
g  and the rendemen was 81.25%. 
 
CONSCLUSION 
 

Synthesis of magnetite by using  co-precipitation method produced higher in rendemen 
(81.25 %) than that of hydrolisis oksidative method (71.26 %). In addition, the size of magnetite 
produced by co-precipitation method (15.7 nm) smaller than that of produced by co-
precipitation method (67.8 nm).  
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ABSTRACT 
 
Three known flavonoids, namely namely 2’,6’-dihydroxy-4’-methoxydihydrochalcone, 
kaempferol, and quercetine had been isolated from the aerial part of the fern 
Pityrogramma calomelanos. Their structures were elucidated based on the spectroscopic 
evidence and by comparison with reported literature data. Flavonoid isolates showed 
cytotoxicity against the murine leukemia P-388 cells. 
 
Keywords :   Fern, Pityrogramma calomelanos,  flavonoid,  cytotoxicity  

 
 

 
INTRODUCTION 

 Pityrogramma calomelanos  was one of the ferns belonging the Polypodiaceae 
family widely distributed in tropical asia, especially Indonesia. It usually grew in open region, 
near streams, slope of mountain, and old wall (Steenish & Holttum 1982). This fern was used as 
the ornamental plant and phytoremediation land polluted arsenic (As), zink (Zn), lead (Pb), and 
mercury (Hg) (Lou, et al., 2007). Therefore, the chemical constituents of  P. calomelanos and 
its bioactivity had not been reported.  

In the course of our studies, three flavonoid namely 2’,6’-dihydroxy-4’-
metoxydihydrochalcone (1), kaempferol (2), and quercetine (3) had been isolated from the 
aerial part of  P. calomelanos..  In this paper, we reported the isolation and structure 
determination of those isolates and evaluation of their cytotoxicity against murine leukemia P-
388 cells. 
 
RESEARCH METHODS 
General Experimental Procedures 
Melting point was measured by Fisher John melting point apparatus and was uncorrected. UV 
spectra were recorded on Shimadzu Pharmaspec UV-1700 spectrophotometer. IR spectrum in 
KBr film was determined by  Buck Scientific-500 spectrophotometer.  1H and 13C NMR spectra 
were measured by JEOL JNM ECA-500 spectrometer [operating at 500 MHz (1H) and 125.7 
MHz (13C)] using tetra methyl silane (TMS) as the internal standart. Mass spectrum (MS) was 
recorded on Shimadzu QP-5000 spectrometer using ion mode EI. Kieselgel 60 GF-254 (Merck) 
and silica gel G 60 63-200 m (Merck) were used for vacuum liquid chromatography (VLC) 
and flash chromatography (FC), respectively. Precoated silica gel 60 F-254 (Merck) 0.25 mm, 
20 x 20 cm was used for thin layer chromatography (TLC) and spots were detected by spraying 
with the sulphuric acid solution 5% (v/v) in ethanol followed by heating. Cytotoxicity of 
flavonoid isolates against murine leukemia P-388 cells were evaluated using MTT [3-(4,5-
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dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide] assay (Cos, et al., 2001).  
 
Plant Material 
The aerial part of P. calomelanos was collected from Sawahan district, Nganjuk, East Java, 
Indonesia in March 2008. A voucher spesimen was deposited at the herbarium of the Purwodadi 
Botanical Garden, Indonesia.  
 
Isolation 

The aerial part dried powdered of  P. pityrogramma (640 g) was exhaustively extracted 
successively with n-hexane (2 L x 3), ethyl acetate (2 L x 3), and acetone (2 L x 3) at room 
temperature. The n-hexane extract, ethyl acetate extract, and acetone extract were evaporated in 
vacuo, revealed 8.5 g (blackish green), 25.3 g (blackish green), and  10.5 g (blackish brown) 
residue, respectively.  

A portion of ethyl acetate extract (8.0 g) was chromatographed by VLC and eluted with 
solvents of increasing polarity (n-hexane, n-hexane-ethyl acetate, ethyl acetate) yielded 120 
fractions (15 mL each). Removal of the solvent under reduced pressure of the combined 
fractions of 50-75 gave the brown solid (1,2 g). It was yrecrystalized in benzene yielded  a 
flavonoid 2’,6’-dihydroxy-4’-metodihydrochalcone (1) (239 mg).  

While a portion of acetone extract (5.0 g) was chromatographed by VLC and eluted 
with solvents of increasing polarity (chloroform, chloroform-methanol, methanol) yielded 127 
fractions (15 mL each). Removal of the solvent under reduced pressure of the combined 
fractions of 60-100  gave the brown solid (1,2 g). It was rechromatographed by FC with 
chloroform-acetone (9:1) as eluen, obtained 60 fractions (10 mL each). The fractions 12-30 
were collected, recrystalized in chloroform-methanol  yielded a flavonoid 3, 5, 7, 4’-
tetrahydroxy flavone (kaempferol) (2) (30 mg). While the combined fractions of  47-59 gave a 
flavonoid 3, 5, 7, 3’, 4’-pentahydroxy flavone (quercetine) (3) (20 mg). 

 
RESULTS OF RESEARCH AND DISCUSSION 
Results of Research 
Compound 1 

 Compound 1 was obtained as pale yellow crystal (benzene), mp. 169-171oC, which 
gave positive test with FeCl3 (greenish yellow) and Shinoda test (Mg-HCl) (yellow). It showed 
one spot on TLC using three eluents system with Rf  of  0.86 (chloroform-ethyl acetate = 9 : 1), 
0.44 (n-hexane-ethyl acetate = 4 : 1), and  0.31 (n-hexane-ethyl aceate = 9 : 1) as well as one 
peak on chromatogram of gas chromatography at Rt = 26.497 min.  UV (MeOH)   max (log  )  : 
285 (4.70), 336 (sh) (3.88) nm; (MeOH + NaOH): 295 (4.75), 361 (sh) (4.34) nm; 
(MeOH+AlCl3): 306 (4.73), 371 (sh) (3.76) nm; (MeOH+AlCl3+HCl): 306 (4.81), 368 (sh) 
(3.96) nm; (MeOH+NaOAc): 287 (4.66) nm; (MeOH+NaOAc+H3BO3): 286(4.67) nm. IR 

(KBr) ν max  : 3253 (OH),  3014 (aromatic C-H), 2969, 2969, 2862 (alkyl C-H), 1646 (chelated 

C=O), 1593, 1527 (aromatic C=C), 1435, 1384, 1216, 1074 cm-1. 1H-NMR (500 MHz,CDCl3)  
(ppm) : 3.02 (2H, t, J = 7.95 Hz, H-), 3.40 (2H, t, J = 7.3 Hz, H-), 3.79 (3H, s, 4’-OCH3), 
5.93 (2H, s, H-3’and H-5’), 7.25 (5H, m, H-2,3,4,5,6). 13C-NMR (125,8 MHz,CDCl3)  (ppm) : 
30.7 (C-), 45.8 (C-), 55.7 (4’-OCH3), 94.6 (C-3’,5’), 104.9 (C-1’), 126.1 (C-4), 128.6 (C-
2,6), 128.7 (C-3,5), 141.8 (C-1), 165.7 (C-2’,4’,6’), 204.7 (C=O). EIMS, m/z (rel. int., %): 272 
(25), 255 (6), 177 (3), 167 (100, base peak), 140 (38), 136 (3), 124 (3), 111 (6), 104 (6), 91 (22), 
77 (6), 69 (6), 51 (6), 39 (6). 
 
Compound 2 

Compound 2 was obtained as yellow needles crystal (CHCl3-acetone), mp. 271-273oC, 
which gave positive test (green) with FeCl3 and Shinoda test (Mg-HCl) (orange). It showed one 
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spot on TLC using three eluents system with Rf  of  0.36 (chloroform-acetone = 3 : 1), 0.44 
(chloroform-ethyl acetate = 1 : 1), and  0.73 (chloroform-methanol = 5 : 1).  UV (MeOH)   max 
(log  ) : 267, 367 nm; (MeOH + NaOH): 275, 322 (sh), 405 nm; (MeOH+AlCl3): 270, 353 (sh), 
421 nm; (MeOH+AlCl3+HCl): 269, 351 (sh), 421 nm; (MeOH+NaOAc): 276, 343 (sh), 426 nm; 

(MeOH+NaOAc+H3BO3): 270, 343 (sh), 423 nm. IR (KBr) ν max : 3414 (OH), 3036 (aromatic 

C-H), 1659 (chelated C=O), 1613, 1567, 1510 (aromatic C=C), 1381, 1308, 1249, 1178 cm-1.  
1H-NMR (500 MHz, CD3OD)  (ppm) : 6.17 (1H, d, J = 1.9 Hz, H-6), 6.38 (1H, d, J = 1,9 Hz, 
H-8), 6.89 (2H, d, J = 9,2 Hz, H-3’,5’), 8.07 (2H, d, J = 8,6 Hz, H-2’,6’).   13C-NMR (125,8 
MHz, CD3OD)  (ppm) : 94.5 (C-8), 99.3 (C-6), 104.6 (C-10), 116.4 (C-3’, C-5’), 123.8 (C-1’), 
130.8 (C-2’, C-6’), 137.2 (C-3), 148.1 (C-2), 158.3 (C-5), 160.6 (C-4’), 162.6 (C-9), 165.7 (C-
7), 177.4 (C-4). 
 
Compound 3 

Compound 3 was obtained as yellow needles crystal (CHCl3-acetone), mp. more than 
300 oC, which gave positive test (green) with FeCl3 and Shinoda test (Mg-HCl) (orange). It 
showed one spot on TLC using three eluents system with Rf  of  0.25 (chloroform-acetone = 3 : 
1), 0.62 (chloroform-methanol = 5 : 1), and  0.23 (chloroform-methanol = 9 : 1).  UV (MeOH)  
 max (log ): 255, 372 nm; (MeOH + NaOH): 272, 325 (sh), 411 nm; (MeOH+AlCl3): 270, 445 

nm; (MeOH+AlCl3+HCl): 264, 354 (sh), 429 nm; (MeOH+NaOAc): 272, 332 (sh), 451 nm; 

(MeOH+NaOAc+H3BO3): 272, 332 (sh), 451 nm. IR (KBr) ν max : 3411 (OH),  3012 (aromatic 

C-H), 1641 (chelated C=O),  1510 (aromatic C=C), 1014, 883, 819 cm-1. 1H-NMR (500 
MHz,CD3OD)  (ppm) : 6.18 (1H, d, J = 1.9 Hz, H-6), 6.39 (1H, d, J = 1.8 Hz, H-8), 6.88 (1H, 
d, J = 8.6 Hz, H-5’), 7.64 (1H, dd, J = 1.9 Hz and 8,0 Hz, H-6’), 7.74 (1H, d, J = 1,9 Hz, H-2’). 
13C-NMR (125.8 MHz, CD3OD)  (ppm) : 94.5 (C-8), 99.3 (C-6), 104.6 (C-10), 116.0 (C-2’), 
116.3 (C-5’), 121.7 (C-6’), 123.6 (C-1’), 137.4 (C-3), 146.3 (C-4’), 148.9 (C-3’), 158.4 (C-2, 9), 
162.6 (C-5), 165.8 (C-7), 178.9 (C-4).  
 
Discussion  
Compound 1 

Compound 1 showed the positive results on the test using FeCl3 reagent (yellowish green) 
and Shinoda test (Mg + HC1) (yellow). It indicated that isolate was a flavonoid compund. The 
absorption bands of IR spectrum at 3267 (OH), 3023 (aromatic C-H), 2968, 2938 (alkyl C-H), 
1647 (chelated C=O), 1597, 1529 (aromatic C=C) supported that isolate was a flavonoid. 

The UV spectrum of 1 indicated absorbtion characteristic of dihydrochalcone-type 
compounds at 285 nm (band II) and 336 nm (sh) (band I) [7]. No bathochromic shift of band II 
on adding of NaOH and NaOAc reagents indicated that the isolates did not have a free OH 
group at C-4’. The bathochromic shift of band II on adding of AlCl3 + HCl reagent supports the 
existence of an OH group free at C-6’. While the addition of NaOAc + H3BO3 did not cause the 
bathochromic shift of band II. This showed the absence of ortho-dihydroxy group at A ring in 
flavonoid isolate. The EIMS spectrum of 1 showed a molecular ion peak at m/z 272, 
corresponding a molecular formula C16H16O4. 

From the above results,  compound  1  was identified as 2',6'-dihydroxy-4'-methoxy-
dihydrochalcone.  
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Compound 2 

The positive results on the test using FeCl3 reagent (yellowish green) and Shinoda test (Mg 
+ HC1) (yellow) of compound 2 indicated that it was a flavonoid compound. The absorbtion 
maxima at 267 (band II) and 367 nm (band I) in the UV spectrum supported that 2 was a 
flavonol with a free 3-hydroxyl group (Markham 1982). The batochromic shift of band I on 
adding NaOH reagent (38 nm) and AlCl3 + HCl reagent (54 nm) indicated  the presence of a 
hydroxyl group at C-4' and C-5, respectively. The presence of a hydroxyl group at C-7 was 
exhibited by batochromic shift of band II (9 nm) on adding NaOAc reagent. No batochromic 
shift on adding NaOAc + H3BO3 reagent supported that 1 didn’t have ortho-di hydroxyl group 
at A and B rings. The IR spectrum of 2 clearly disclosed absorbtion bands for OH group (3414 
cm-1), chelated carbonyl group (1659 cm-1), and aromatic C=C (1613, 1567, 1510 cm-1). The 1H-
NMR spectrum of 2 exhibited  four doublet proton signals at H  6.17,  6.38, 6.89 and 8.07 
(Table 1). Two doublet proton signals at  H  6.17 (J =1.9 Hz) and 6.38 (J = 1.9 Hz)  due to a 
pair of meta coupled protons H-6 and  H-8 in the A-ring, respectively, supported the presence of 
a hydroxyl  group at  C-5 and C-7. While two doublet proton signals  at H  6.89 (J = 9.2 Hz, H-
3’,5’) and 8.07 (J = 9.2, H-2’,6’) due to two pairs of ortho-cop;ed protons in the B-ring,  
confirmed  the presence of a hydroxyl  group at C-4'. The 13C-NMR spectrum exhibited 15 
carbon signals which corresponded to 1, containing  five oxy aryl carbons [C 148.1 (C-2), 
158.3 (C-5), 160.6 (C-4'), 162.6 (C-9), and 165.7 (C-7)], one oxyolefine carbon [C 137.2 (C-
3)], and one carbonyl carbon  [C 177.4 (C-4)] (Table 1).  The correlation spectroscopy (1H-1H 
COSY, HMQC, and HMBC) spectral data  supported complete assignment of all proton-bearing 
carbon signals of 2.  
Table 1.  1H , 13C,  DQF-COSY, HMBC NMR  data of 2 in CD3OD and 1H , 13C NMR  of  

kaempferol in CD3OD (Suyatno, 2008) 
 

Position 
of C 

Compound 2 Kaempferol  

H  
(mult, 

 J dalam Hz) 

C 
1H-13C 
HMBC 

H  
(mult,  

J dalam Hz) 

C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1’ 

- 
- 
- 
- 
- 

6.17 (d, 1.85 ) 
- 

6.38 (d, 1.85) 
- 
- 
- 

- 
148.1 
137.2 
177.4 
158.3 
99.3 

165.7 
94.5 

162.6 
104.6 
123.8 

- 
- 
- 
- 
- 

C-7,C-8,C-9,C-10 
- 

C-4,C-5,C-6,C-7,C-10 
- 
- 
- 

- 
- 
- 
- 
- 

6.2 (d, 2) 
- 

6.5 (d, 2) 
- 
- 
- 

- 
147.0 
136.4 
176.4 
157.6 
99.0 
165.1 
94.3 
161.8 
103.9 
123.0 

OH

OH

H3CO

O

1'
2'

3'

4'
5'

6'
1

2

3

4

5

6
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O

OOH

OH

OH

HO
2

3
45

6

7

8
3'

4'
5'

6'

2'

1'

2’ 
3’ 
4’ 
5’ 
6’ 

8.07 (d, 8.55) 
6.89 (d, 9.15) 

- 
6.89 (d, 9.15) 
8.07 (d,  8.55) 

130.8 
116.4 
160.6 
116.4 
130.8 

 

C-2,C-3’,C-4’,C-5’,C-
6’ 

C-1’,C-4’,C-5’ 
- 

C-1’,C-3’,C-4’ 
C-2,C-2’,C-3’,C-4’,C-

5’ 

8.1 (dd, 9.3) 
7.0 (dd, 9.3) 

- 
7.0 (dd, 9.3) 
8.1 (dd, 9.3) 

130.3 
116.2 
160.2 
116.2 
130.3 

 
Futher supporting evidence of structure 1 for kaemferol came from comparison  of the 1H-NMR 
and 13C-NMR spectral data with those of  reported data in literature (Markham & Geiger 1994, 
Li Bin & Luo Yongming  2003, Suyatno, 2008).  From the above results,  2 was proposed for 
the structure of kaempferol (3,5,7,4’-tetrahydroxy flavone). 
 

 

 
  
 
  
 
 
 

 
 
 
Compound 3 

Compound 3 showed the positive results on the test using FeCl3 reagent (yellowish green) 
and Shinoda test (Mg + HC1) (yellow). It indicated that compund 3 was a flavonoid compound. 
The absorbtion maxima at 255 (band II) and 372 nm (band I) in the UV spectrum supported that 
3 was a flavonol with a free 3-hydroxyl group (Markham 1982). The batochromic shift of band I 
on adding NaOH reagent (39 nm) and AlCl3 + HCl reagent (57 nm) indicated  the presence of a 
hydroxyl group at C-4' and C-5, respectively. The presence of a hydroxyl group at C-7 was 
exhibited by batochromic shift of band II (17 nm) on adding NaOAc reagent. Batochromic shift 
on adding NaOAc + H3BO3 reagent (79 nm) supported that 3 had ortho-di hydroxyl group at A 
and B rings. The IR spectrum of 3 clearly disclosed absorbtion bands for OH group (3411 cm-1), 
chelated carbonyl group (1641 cm-1), and aromatic C=C (1510 cm-1). The 1H-NMR spectrum of 
3 exhibited  four doublet proton signals at H  6.17,  6.38, 6.89 and 8.07 (Table 1). Two doublet 
proton signals at  H  6.18 (J =1.9 Hz) and 6.39 (J = 1.8 Hz)  due to a pair of meta coupled 
protons H-6 and  H-8 in the A-ring, respectively, supported the presence of a hydroxyl  group at  
C-5 and C-7. While the presence two doublet proton signals at H  6.88 (H-5’) and 7.74  ppm 
(H-2’) as well as a double douplet proton signal at H 7.64 ppm (H-6’) supported the presence 
3’,4’-dihydroxy group at B-ring. The existence ortho dihydroxy group caused H-2’ interacted 
with H-6’ at meta position with J = 1.9 Hz, H-5’ interacted with H-6’ at ortho position with J = 
8,6 Hz, while H-6’ interacted with H-5’ at orhto position and  H-2’ at meta position with J value 
of  1.9 Hz and 8 Hz, respectively. No singlet peak at H 7 ppm caused by vinilic proton at C-3, 
corresponded to quercetine having hydroxyl group at C-3.  

The 13C-NMR spectrum exhibited 15 carbon signal which corresponded to quercetine 
containing six oxyaryl carbon [C 158.4 (C-2), 162.6 (C-5), 148.9 (C-3’), 146.3 (C-4’), 158,4 
(C-9), and 165.8 (C-7)], one oxy olefine carbon [C 137.4 (C-3)] and one carbonyl carbon [C  
178.9 (C-4)] (Table 3). The correlation spectroscopy (1H-1H COSY, HMQC, and HMBC) 

(2) 
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spectral data  supported complete assignment of all proton-bearing carbon signals of  
quercetine.  

 
Table 2.  1H , 13C,  HMBC NMR data of  3 in CD3OD and 1H data of quercetine in CD3OD 
 
 
Position 

of C 
Compound  3 

 
Quercetine 

H  
(mult, 

 J dalam Hz) 

C 
1H-13C 
HMBC 

H  
(mult,  

J dalam Hz) 

C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1’ 
2’ 
3’ 
4’ 
5’ 
6’ 

- 
- 
- 
- 
- 

6.18 (d, 1.85 ) 
- 

6.39 (d, 1.89) 
- 
- 
- 

7.74 (d, 1.85) 
- 
- 

6.88 (d, 8.6) 
7.64 (dd, 1.85 & 

7.95) 

- 
158.4 
137.4 
178.9 
162.6 
99.3 
165.8 
94.5 
158.4 
104.6 
123.6 
116.0 
146.3 
148.9 
116.3 
121.7 

 

- 
- 
- 
- 
- 

C-5,C-7,C-8,C-10 
- 

C-6,C-9,C-10,C-7 
- 
- 
- 

C-3’,C-4’,C-6’ 
 
- 

C-1’,C-3’,C-4’ 
C-2’,C-3’,C-4’,C-5’ 

- 
- 
- 
- 
- 

6.20 (d, 2.1) 
- 

6.42 (d, 2.1) 
- 
- 
- 

7.69 (d, 2.1) 
- 
- 

6.90 (d, 8.5) 
7.55 (dd, 2.1 & 

8.5) 

- 
156.9 
134.6 
178.2 
161.8 
99.3 
165.1 
94.1 
157.7 
104.4 
121.6 
115.9 
145.7 
149.0 
116.1 
121.2 

 
Futher supporting evidence of structure 3 for quercetine came from comparison  of the 1H-NMR 
and 13C-NMR spectral data with those of  reported data in literature (Markham & Geiger 1994).  
From the above results,  3 was proposed for the structure of quecetine (3,5,7,3’,4’-pentahydroxy 
flavone). 
 

 
  
 
  
 
 
 
 
Cytotoxicity of isolate 

Based on the cytotoxicity test, found that compound 1, 2, and 3 showed cytotoxic activity 
against murine leukemia P-388 cells with IC50 values of 1.6, 14.1 and 6.4 µg /mL, respectively. 
Thus compund 1 and 3 strongly inhibited murine leukemia P-388 cells (IC50 < 10 µg/ mL, while 
compund 2 showed moderate activity against murine leukemia P-388 cells  (10≤  IC50  100 
µg/ mL). Cytotoxicity of  1 on cancer cell lines have not been reported before, Therefore this is 
the first report of cytotoxicity of flavonoid above against murine leukemia P-388 cells. 
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OH
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CONCLUSIONS 
Three flavonoid compounds namely 2',6'-dihydroxy-4'-methoxy-dihydrochalcone, kaempferol, 
and quercetine were separated from the fern Pityrogramma calomelanos. All isolated showed 
cytoxicity against murine leukemia P-388 cells.  
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Abstract 
 

It has conducted research on the use of chitosan, and N-alkyl chitosan (N-methyl 
chitosan,  N-isopropyl chitosan) as a heterogeneous base catalyst in the transesterification 
reaction of used cooking oil.  

Chitosan, N-methyl chitosan, and N-isopropyl chitosan synthesized by reacting 
chitosan with formaldehyde and acetone successively forming Schiff bases were then 
reduced using NaBH4. Then chitosan, N-methyl chitosan, N-isopropyl chitosan are used 
as heterogeneous catalysts in the transesterification reaction of used cooking oil.  

The results showed that inclusion of alkyl groups to the chitosan structure leads to 
increase in the level of alkalinity in which chitosan, N-methyl chitosan, and N-isopropyl 
chitosan respectively are 0.066 mol/g, 0.0068 mol/g, 0.0070 mol/g . It is also evident 
from the increase in the area of methyl palmitate and methyl oleate. The use of N-
isopropyl chitosan gave the greatest methyl ester yield results is about 8.6%. 
 
Keywords: chitosan, N-alkyl chitosan, methyl ester, transesterification, used cooking oil 

 
 
INTRODUCTION 
Biodiesel is a promising alternative fuel that can be derived from plant oils, animal fats or used 
oil through transesterification with alcohol. Biodiesel provides less pollution than petroleum 
fuels. In addition it can be used without diesel engine re-modification . 
Biodiesel production methods commonly used today is through the process of transesterification 
of vegetable oils using alkaline catalyst. In this reaction, the alcohol in the form of methanol and 
ethanol, added to the triglyceride using homogeneous alkaline catalysts such as NaOH, KOH, 
NaOCH3, or KOCH3. This process runs quickly and efficiently at a relatively low temperature. 
Even so, the cost of biodiesel production is still expensive and becomes an important issue. The 
production costs can be reduced by means of cheap raw material selection, production proper 
place, and the efficiency of the process. For example , the current began to use used cooking oil 
and non-edible oils such as castor oil (Jatropha curcas) as the base material. 
Homogeneous process actually has some advantages, but there are a number of missing values 
efficiency. In addition to biodiesel, a transesterification process in conditions produce 
byproducts such homogeneous catalysts, glycerol, and excess alcohol all of which require 
additional washing and drying step to obtain pure biodiesel product. In the homogeneous 
process, the base catalyst will be lost by leaching. This leads to reduced efficiency and increased 
production costs . One way to improve efficiency is using heterogeneous catalysts. In principle, 
the heterogeneous catalyst, the catalyst material can be taken back (not lost) and can be reused 
as a catalyst so that the process of making biodiesel becomes more simple. A number of studies 
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have been done to take advantage of heterogeneous catalysts for transesterification process. One 
polymer that has potential as a heterogeneous base catalyst is chitosan (Gotch, 2008). 
Chitosan is a polysaccharide made up of units of N-acetyl-D-glucosamine and D- glucosamine 
produced from the N-deacetylation of chitin natural polymers derived from the shells of marine 
animals, or fungi (Dunn, 1997). High reactivity of free amino groups makes chitosan has 
potential as a Lewis base. The longer the chain of chitosan, the more the content of free amino 
groups, the higher the alkalinity properties. Alkalinity is expected to replace the homogeneous 
alkaline catalysts used in transesterification processes such as NaOH and KOH. Additionally 
alkalinity chitosan amine group can be improved by incorporating the driving force electrons to 
the cluster amine group. One of the driving force of the electron is an alkyl group. Forces 
driving the electrons will increase the stability of the amine cation independent so alkalinity 
increased (Fessenden, 1994). 
The Indonesian people are consuming particular foods using cooking oil as the processing of 
eating. The rest of the frying pan can no longer be used as food or as ingredients other. Usually 
the rest of the discarded frying pan without any benefits. This wasted material adverse impact 
on the environment if the capacity is large enough. Seeing a considerable amount of this kind of 
oil it would be worth if it be processed and used as fuel for diesel engines (Sandford, 1989; 
Shahidi, 1999; Sudhir, 2007). 
 
RESEARCH METHODS 
Chemicals and Analysis Instruments 
All chemicals were obtained by Merck, Germany. Chitosan was kindly donated by LIPI 
Yogyakarta. Used cooking oil was collected from “pecel lele” food stalls around campuss of 
Islamic University of Indonesia. 
Gas Chromatography-Mass and functional group analysis was performed using Gas 
Chromatography merk Agilent Technologies 6890 N, Mass Spectrometer merk Agilent 
Technologies 5975 B, and Spectrophotometer FTIR Thermo Nicolet Avatar 360. 
 
Synthesis of N-methyl chitosan 
Synthesized chitosan derivative refers to the study of Kim and Choi (2001) is made of chitosan 
solution of 1% w/v by dissolving 5 grams of chitosan into glacial acetic acid 1% v/v of 500 mL. 
Furthermore, 1.6683 mL of  formaldehyde 10% was added to the chitosan solution at room 
temperature and stirred using a magnetic stirrer at 500 rpm. After one hour the pH of the 
solution was conditioned to 4.5 with NaOH 1M solution was added. Then this solution was 
added to the NaBH4 solution of 10% w/v in 3.17 mL of water and the solution mixture was 
stirred for 1.5 hours. N-methyl chitosan produced subsequently precipitated by conditioning the 
pH 10. Material precipitate was washed with distilled water to neutralize the product. The 
precipitate was then dried at a temperature of 35oC for several days in order to obtain dry N-
methyl chitosan. Products were then characterized using FTIR spectrophotometer. 
 
Synthesis of N-isopropyl chitosan 
Synthesized chitosan derivative refers to the study of Kim and Choi (1997) is made of chitosan 
solution of 1% w/v by dissolving 5 grams of chitosan into glacial acetic acid 1% v/v of 500 mL. 
Furthermore, 4.411 mL of acetone 10% was added to the chitosan solution at room temperature 
and stirred using a magnetic stirrer at 500 rpm. After one hour the pH of the solution was 
conditioned to 4.5 with 1M NaOH solution was added. Then this solution was added to the 
NaBH4 solution of 10% w/v in 3.17 mL of water and the solution mixture was stirred for 1.5 
hours. N-isopropyl chitosan produced subsequently precipitated by conditioning the pH 10. 
Material precipitate was washed with distilled water to neutralize the product. The precipitate 
was then dried at a temperature of 35oC for several days in order to obtain dry N-isopropyl 
chitosan. Products were then characterized using FTIR spectrophotometer. 
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Determination of Alkalinity of chitosan and N-alkyl chitosan 
A total of 0.5 grams of chitosan dissolved in 60 mL of HCl 0.0782 N. Few drops of phenol 
pthalein indicators incorporated into the solution. The solution was titrated using 0.108 N NaOH 
and recorded volumes titrannya to know the volume of HCl remaining. Total volume of HCl 
that interact with chitosan and N-alkyl chitosan from the reduction of the initial volume of HCl 
with HCl remaining. Moles of HCl determine the level of alkalinity chitosan. 
 
Treatment of used cooking oil 
Used cooking oil was filtered with filter paper to remove solid particles ballpark. Then the 
second stage of cleaning is done by using adsorbents such as activated charcoal. As much as 100 
grams of cooking oil put into different glass beaker is then heated to a temperature of 100oC. 
After the temperature reached 100oC adsorbents 5 grams put in a glass beaker containing used 
cooking oil. Further stirring for 80 minutes at 100°C with a speed of 500 rpm. The mixture was 
then filtered.  
 
Transesterification reaction of used cooking oil 
Transesterification reaction was carried out in a two-neck round bottom flask of 250 mL 
capacity that has been equipped with a hot plate, thermometer, magnetic stirrer, and cooling 
systems. One gram of chitosan incorporated into a two-neck round bottom flask and then 
coupled with the cooling system, a certain amount of oil and methanol added to the flask with a 
mole ratio of used cooking oil : methanol is 1:12 and refluxed for 2 hours at a temperature of 
60oC . In the solution of the many used cooking oil is 10 grams and as much as 5.67848 mL 
methanol. After 2 hours, the reflux was stopped and the mixture formed was poured into a test 
tube, the mixture was allowed some time at room temperature resulting in the separation 
solution. In order for the separation process completely formed then the mixture was 
centrifuged, and then will get 3 layers of the mixture is a row from top to bottom is the methyl 
ester, glycerol, and catalyst. Then methyl esters were taken, weighed and calculated yield of 
methyl ester produced. Transesterification process above is repeated for the other catalysts, N-
methyl chitosan and N-isopropyl chitosan 
 
RESULT AND DISCUSSION 
Synthesis and characterization of chitosan and N-alkyl chitosan 
Chitosan, N-methyl chitosan, and N-isopropyl chitosan synthesized by reacting chitosan with 
formaldehyde and acetone successively forming Schiff bases were then reduced using NaBH4. 

 
 
N-methyl chitosan produced by weighing 4.35 grams of pure chitosan weight used 5 grams. 
While the N-isopropyl chitosan products produced weighing 4.26 grams of pure chitosan weight 
of 5 grams.  
N-methyl chitosan and N-isopropyl chitosan were then characterized using FTIR and FTIR 
results were compared with the data of chitosan. FTIR spectra of chitosan, N-methyl chitosan, 
and N-isopropyl chitosan is shown in Figure 1. 
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Figure 1. FTIR Spectra of (A) chitosan, (B) N-methyl chitosan, (C) N-isopropyl chitosan 
 
FTIR spectra of chitosan in Figure 4(A) shows that 3444cm-1 is the absorption of hydrogen 
bonded OH groups. Absorption band at 1020 - 1155cm-1 shows the C-O vibration of chitosan in 
the ring and has several peaks due hydroxide on chitosan. Absorption band at 2919cm-1 is the 
uptake of alkanes and enhanced absorption at 1457cm-1 which indicates the type CH2- alkanes. 
Uptake in the region 1580 - 1650 cm-1 ( 2 peak ) showed uptake of primary amine NH2. The 
difference between the uptake of chitosan and chitosan N-methyl group is located on NH 
absorption. NH2 on chitosan uptake occurred in the 1580 - 1650cm-1 with 2 peaks , while the N-
methyl chitosan uptake is only formed one peak which means the NH2 group has been 
transformed into NH . Furthermore, to know that there has been a methyl group on chitosan (N-
methyl chitosan) can be identified by the presence of absorption at 1381cm-1. Uptake among 
NH with -CH3 CN formed at 1250cm-1. FTIR spectra of N-isopropyl chitosan in Figure 1(C) has 
an absorption at ~ 1380 - 1400cm-1  (2 peak ) with a high intensity . This suggests that there has 
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been isopropyl group in the N-isopropyl chitosan catalysts such. 
FTIR spectra generated from it can be seen that there are some differences between the spectra 
of chitosan catchment area with N-methyl chitosan and N-isopropyl chitosan due to the 
modification of chitosan with increasing alkyl chain length. In the N-methyl chitosan chain is 
donated by methyl aldehyde group on formaldehyde interacts with the amine group on the 
chitosan. While the N-isopropyl chitosan, isopropyl group donated by a group of ketone from 
acetone. 
 
Alkalinity of chitosan and N-alkyl chitosan 
Determination of alkalinity of chitosan and N-alkyl chitosan showed that inclusion of alkyl 
groups to the chitosan structure leads to increase in the level of alkalinity in which chitosan, N-
methyl chitosan, and N-isopropyl chitosan respectively are 0.066 mol/g, 0.0068 mol/g, 0.0070 
mol/g. 
 
Transesterification of used cooking oil 
Transesterification reaction gave unsatisfaction result of methyl ester yield. Transesterification 
using chitosan catalyst only gave 2,0% of methyl ester. Catalyst N-methyl chitosan and N-
isopropyl chitosan gave 3,1% and 8,6% methyl ester yield, respectively.  
When compared with homogeneous catalysts, the results obtained are very low. According to 
Lee et al. (2009), the synthesis of methyl esters (biodiesel) laboratory scale is influenced by the 
type of catalyst (acid/alkaline), the mole ratio of methanol to oil, the content of impurities 
(usually free fatty acids and water) and the reaction temperature. The most important issues in 
the process of catalysis using heterogeneous catalysts is a slow reaction speed compared with 
the homogeneous catalyst.  
These problems can be solved one by raising the reaction temperature (100-250oC). According 
to Sakurai et al. (2000) chitosan has a thermal stability up to 203oC so it is still possible if done 
further research on the effect of temperature on the reaction rate. 
Methyl palmitate and methyl oleate are the main compounds of methyl esters. Area of 
chromatogram showed that methyl esters yield increased with the use of catalysts.  

 
Figure 2. The methyl esters yield of methyl palmitate and methyl oleate with variation of 

                  chitosan and N-alkyl chitosan as catalyst of transesterification reaction 
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The results above showed the increasing of alkalinity enhanced the methyl ester yield of methyl 
palmitate and methyl oleate.  
 
CONCLUSION AND SUGESTION  
Inclusion of alkyl groups to the chitosan structure leads to increase in the level of alkalinity in 
which chitosan, N-methyl chitosan, and N-isopropyl chitosan. The increasing of alkalinity 
enhanced the methyl ester yield of methyl palmitate and methyl oleate. The problem of the very 
low methyl ester yield can be solved by raising the reaction temperatur up to 203oC base on the 
thermal stability of chitosan. 
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Abstract 

 
Study on the growth of carbon crystal produced from coconut shell has been 

conducted.  This research was aimed to study the effects of PVA as stimulant agent in the 
from of either powder or solution on structural growth of carbon crystal and its physic-
chemical properties and the effect of temperature (1000-1500 oC) on the characters of the 
carbon. Several methods of characteristics were performed including FTIR to determine 
the functional groups of the carbon, XRD to identify the structure of carbon crystal, 
SEM-EDS to analyze the topography of surface and to analyze the component of 
material.  The product characteristics of carbon material showed that there was a change 
on the physic-chemical properties of the raw material which has been sintered at 1000 oC, 
at which coke was produced in this process.  Fabrication process at 1500 oC in the 
presence of PVA gave carbon material from charcoal amorphous to carbon with semi-
crystalline structure. 

 
Keywords: coconut shell charcoal, growth, carbon ctystal.   

 
 
INTRODUCTION 
 

The structure of chemical bonds that is formed contributes to the establishment of superior 
properties of carbon materials (Rampe et al., 2011; Buchman and Bryant, 1999).  Carbon 
contains allotrope which has different types of chemical bonding structure, including graphite, 
diamond, black carbon, fullerence, carbon nano tubes (CNT).  Graphite is a type of carbon 
material obtained from carbon atoms with sp2 orbital.  One of these atoms forms a new bond 
with 3 carbon atoms.  The microscopic material consists of graphite flat sheets from carbon 
atoms which are bonded, as the grapheme.  The characteristics of the bond structure and 
dynamic interactions between the grapheme layers produce strong electrical conductivity 
properties (Buchman and Byant, 2002) which functions as a lubricant. 

Carbon materials can be used in various applications, such as electrodes, catalyst supports, 
adsorbents and filters.  Recent fact shows that it can be used as precursors for reaction which 
forms materials composite and structural ceramics (Lin and Yen, 2007).  The advanced carbon 
materials such as synthetic carbon composites obtained from carbon fibers struggle to be 
accepted in wider practical use.  Of well known carbon materials, the role of composite carbon 
cannot be overestimated either in modern industrial practice or in everyday life.  It happens due 
to the unique physical and chemical characteristics of composite carbon which attract 
researchers to conduct certain research which explores those characteristics (Inagaki, 2000). 
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Carbon used in the industry is an example of carbon that can be heated at temperatures up to 
1000 – 1300 oC, while graphite is a type of carbon which can be heated at temperatures higher 
than 2500 oC.  Heating at higher temperature of 3000 oC will produce carbon that has an 
irregular structure which evolves to a more ordered graphite structure by removing the 
impurities of volatile material (Rampe, et al., 2012; Rampe et al., 2011; Elsayed et al., 2007). 

This study used coconut shell charcoal as raw material which function as carbon to examine 
the growth of crystal in the development carbon composite.  To obtain carbon from coconut 
shell charcoal, tar impurities and volatile material are removed.  The removal of impurities is 
conducted by high temperature heating up to 600 – 1000 oC.  This heating is also aimed to 
eliminate the compounds carried by the drainage of gas.  During the heating process, all non-
carbon materials must be removed to form a pure carbon as well as to arrange the structure 
(Wiratmoko and Halloran, 2009; Ebner et al., 2004).  The removal of metals cam be carried out 
by soaking the carbon in a solution of HCl (( Fraga et al., 2002). 

Heating process of coconut shell will produce a gradual change.  In the first stages of the 
carbonization, the carbon samples become coke.  The second stage is graphitization, in which 
coke is changed into graphite carbon whose irregular structures tend to grow (over the graphite 
whose structure is irregular) (Gupta et al., 2005; Miyazaki et al., 2005). The nature of carbon 
depends on its source (Kang et al., 2007), and on the method and conditions of synthesis 
(Lalena et al., 2008).  The nature of carbon materials gives impact on their various uses, 
primarily as carbon electrodes and carbon material structure. 

This study discusses the use of, coconut shell and polyvinyl alcohol (PVA) to produce 
carbon structure materials.  The main purpose of this research is to study the crystal structure 
and chemical composition by using parameters such as concentration of polyvinyl alcohol and 
sintering temperature. 

 
RESEARCH METHOD 

A. Materials 
This study used coconut charchoals as the raw material produced by PT. Tropica 

Nucifera Industry Bantul Yogyakarta, Indonesia.  This charchoal is the source of carbon and 
polyvinyl alcohol.  Further, Merck stimulant and argon gas were used as inert atmosphere to get 
air free. 

Calcination was conducted using a tube-Thermolyne Furnace (Sybron) Type 21100 with 
a maximum temperature of 1200 oC.  Calcinated charcoal as raw material was obtained through 
100 mesh grinding and sifting.  For carbon materials, Tarno compacted Grocki 312 model a 
maximum of 20 tons was used.  Sintering was carried out by using a Carbolite furnace-Edwards 
Pirani 501 A6D 1600 oC maximum temperature with argon gas as the atmosphere, Scanning 
Electron Microscopy (SEM) JOEL JSM-6360 LA and Energy Dispersive Spectroscopy (EDS) 
System JOEL JED-2300 was used while the Goniometer model difractometer with Cu Kα (α = 
1.54056 Å) radiation was used for X-ray Diffraction (XRD) analysis. 

 
B. Methods 
1. Preparation and Charcoal Calcination 

Carbon powder 100 mesh sieves was calcined in an inert state though two stages.  First, 
was the calcinations at temperatures of 600 oC for 3 hours with the existence of nitrogen gas 
then followed by the purification of charcoal powder which was extracted for 24 hours with 1 M 
hydrochloric acid at room temperature (Gupta et al., 2005).  The sample was washed with 
distilled water until it reached constant pH and was dried in an oven at temperatures of 110 oC 
overnight (Fraga et al., 2002).  Re-calcination was carried out for 3 hours at temperature of 750 
oC with nitrogen. 

2.  The process of carbonization 
The carbon powder was calcined with 2.5 to 7.5% wt. polyvinyl alcohol then suspended 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
C-245 

in distilled water at 353 K and stirred for one hour.  Binder system was mixed with charcoal 
powder, forming a paste with the density in different systems.  The next step was molding by 
using a cylindrical mold with a diameter of ~ 15 mm.  Compaction was performed with one 
direction force by the means of Tarno Grocki with the thrust of 5 tons.  In this stage, the process 
produced a sample of pellets (green compact).  The samples were then dried at room 
temperature for one day before oven drying for 4 hours at 110 oC.  The samples were then fed 
into a carbollite furnace for sintering at the temperature of 1000 oC.  The rate of temperature 
was 10 K/min and reaction time was 3 hours.  Then, these samples were cooled in the furnace at 
a rate of 8 K/min, with a flow of argon gas.  This process produced dense coconut shell coke or 
carbon-carbon composite materials (Wiratmoko and Halloran, 2009; Miyazaki et al., 2005; 
Mothe and de Miranda, 2009). 

 
3. Synthesis of carbon structures 

The coke sample was heated for the 2nd time by sintering at 1200 oC, 1500 oC with a 
flow rate of 10 K/min, holding time of 3 hours, in the furnace Carbolite, with the furnace 
cooling rate of 8 K/min, under argon gas flow (Mendez and Santamaria, 2008).  
 
RESULT AND DISCUSSION 
XRD analysis 
 Figure 1 and 2 showed a typical X-ray diffraction (XRD) patent of testing charcoal, 
calcined carbon and coke carbon material that sintered at temperatures 1200 and 1500  oC.  
XRD diffractogram of charcoal, calcined carbon and coke carbon material gave value of 
interlayer spacing (d) (Å) as a graphite semi-crystalline structure.  Yin et al. (2009) reported that 
the decrease of the (d) and the increase of the crystalline diameter and average stacking height 
of the aromatic carbon sheets (Lc) with increasing the temperature suggested the development of 
stacking structure, increased the size of crystallite as well as removal of defects and increased 
order in carbon material structure.  The increase of Lc with increasing temperature resulted from 
crystalline growth in-plane and coalescence of crystallites.  In this process, the structure of 
amorphous carbon structure was changed into semi-crystalline structure with a better degree of 
order, namely turbostatic structure (Rampe et al., 2010; Rampe et al., 2011).  There was the 
change of internal structure by setting the position of equilibrium carbon atoms. 
 
 

 
Figure 1. XRD pattern of carbon sintered at 1200 oC : (a) 5% wt. PVA, and (b) 7,5% wt. PVA 
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Figure 2. XRD pattern of carbon sintered 1500  : (a) coconut shell charcoal, (b) 2,5%  wt. PVA, 
(c) 5 % wt. PVA, and (d) 7,5 % wt.PVA. 
 
SEM-EDS analysis 
 Figure 3 and 4 showed the SEM photographs of carbon composite (C/PVA) sintered at 
1500 oC, respectively.  Figure 3 showed that coconut shell carbon was non-homogeneous 
particles distribution.  Figure 4 showed a homogeneous and even surface morphology.  The 
carbon structure from coconut shell cabon sintered at temperature of 1500 oC exhibited uniform 
particle size of micrometer dimensions and spherical particles shape (Lin and Yen, 2007). It was 
also shown in Figure 4 that the morphological features of carbon particles appeared to be more 
irregular, characteristics as a typical of carbon particles (Inagaki, 2000). 
 EDS analysis for carbon structure sintered at 1500 oC were shown in Figure 5,6 and 7, 
respectively.  It was apparent that chemistry composition of carbon structure, carbon/PVA (2.5 
and 5% wt.) (Figure 5 and 6) consisted of C element  97.16% wt. and C element was 97.35% 
wt.  The carbon structure, carbon/PVA (7.5% wt.) (Figure 7) consisted of higher C element up to 
97.70% wt. with average of C element was 97.40% wt. 
 Heat treatment ranging from 1000 to 1500 oC, as demonstrated in this study, caused the 
aromatic layers grow and coalesce each other (Inagaki, 2000).  This is due to the evolution of 
volatile matter (Rampe et al., 2011) and the breakage of cross-linking bonds such as CH2 
bridge.   

 
Figure 3. SEM micrographs of coconut shell carbon (5% wt. PVA) sintered 1500 oC 

  
Figure 4. SEM micrographs of coconut shell carbon (7.5% wt. PVA) sintered 1500 oC 
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Figure 5. EDS analysis of the coconut shell carbon (2.5 % wt. PVA) sintered at 1500 oC. 
 

 
Figure 6. EDS analysis of the coconut shell carbon (5 % wt. PVA) sintered at 1500 oC. 
 

 
Figure 7. EDS analysis of the coconut shell carbon (7.5 % wt. PVA) sintered at 1500 oC. 
 
 
CONCLUSION AND SUGGESTION 

Carbon structure can be prepared from carbonized cocnut shell and polyvinyl alcohol 
(PVA). The results showed that the products were in uniform particle size of micrometer 
dimensions and spherical particles in shape.  The product characteristics of carbon material 
showed that there was a change on the physic-chemical properties of the raw material which has 
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been sintered at 1000 oC, at which coke was produced in this process.  Fabrication process at 
1500 oC in the presence of PVA gave carbon material from charcoal amorphous to carbon with 
semi-crystalline structure. 
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Abstract 

 
The research aimed to know the chemical components that are contained into chloroform 
extract of Xylocarpus moluccensis stem bark. By using various chromatograpic techniques 
including vacuum liquid chromatography (VLC), gravitational column chromatography 
(GCC), and preparative-thin layer chromatography (P-TLC) always monitored by TLC, it 
had been succesfully isolated three phenolic compounds, i.e. 2-ethylhexyl 4-
methoxycinnamate, myristicin, and scopoletin from the extract. Determination of molecular 
structures of them was performed by using spectroscopic evidence (UV-Vis, IR, and GC-
MS). All of these compounds found are the first time from chloroform extract of the plant. 
 
Keywords: 2-ethylhexyl 4-methoxycinnamate, scopoletin, myristicin, Xylocarpus 

moluccensis  

 
 
Introduction 

Based on literature study on chemical constituents of nyiri batu (Xylocarpus 
moluccensis) plant, it had been reported that the plant consists of some compounds from 
monoterpenoid i.e. xylomollin (1) (Bandaranayake, 2002; Balasubramanian, 2004) and 
limonoid, such as xyloccensin I (2) dan xyloccensin J (3). All of these compounds had also been 
isolated from the same genera, Xylocarpus granatum (Alvi et al., 1991). Meanwhile, the other 
chemical consitituents that are consisted of the plant are acetonyldihydrochelerythrine (4) and 
N-methylflindersine (5) from stem, xylomollin (1) from fruit, xyloccensin I (2) and J (3) from 
seed, 7-oxogedunin (6), 2-hydroxyfissinolide (7), and 2-hydroxy-detigloyl-6-deoxyswietenin 
acetate (8) from seeds (Mulholland and Taylor, 1992), detigloyl-6-deoxyswietenin acetate (9), 
angustidienolide (10), 7-oxogedunin (6), and xyloccensin I (2) from timber (Mulholland and 
Taylor, 1992 and Taylor, 1993), detigloyl-6-deoxyswietenin acetate (9) (Mulholland and 
Taylor, 1992), 6β-hydroxystigmast-4-en-3-one (11), β-sitosterol (12), and stigmasterol (13) 
from woods (Bercich et al., 1998), angustidienolide (10), 2,3,30-triacetatephragmalin (14), and 
3,30-diacetatephragmalin (15) (Mulholland and Taylor, 1992). In view of structures, the major 
part of these fifteen compounds are monoterpenoids and high-modified triterpenoids 
(commonly called as limonoids) and the remain compounds are steroids (compounds 11, 12, 
and 13). But, it has not been reported the findings of phenolic compounds from the plant yet 
untill now. Therefore, the goal of research is to do a research more focusing on the phenolic 
compounds.  

Past investigations on the chemical constitutes of the chloroform extract of the plant 
stem bark, we had gained three compounds i.e. an esther derivative of 2-ethylhexyl 4-
methoxycinnamate (16), -sitosterol (12) and stigmasterol (13) (Tukiran et al., 2012). The last 
two compounds were also found from hexane extract of the same plant (Taufiqurrochman and 
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Tukiran, 2010). Just informed that these sixteenth compounds had been presented at Chemistry 
National Seminar on Nopember 16, 2013 at Yogyakarta State University (Tukiran et al., 2013). 
As part of our continuing search for bioinsecticide of natural products from the plant, we now 
describe the isolation and structural elucidation of two phenolic compounds, i.e. myristicin (17) 
and scopoletin (18) from the chloroform extract of the plant. 
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Research Methods 
 
Instruments 
 A number of instruments needed to identify and characterize an isolate included 
spectrophotometer IR type Buck Scientific M500, spectrophotometer UV-1700 SHIMADZU, 
spectrometer GC-MS type Shimadzu QP-2010S. The equipments used to do extraction and 
isolation are filter paper, Buchner funnel, Erlenmeyer flask, separating funnel, and rotary vacuum 
evaporator type Butchi Laboratechnic AG R-215. The equipment used to measure melting point of  
isolate is Melting Point Apparatus Electrothermal. Whereas, chromatographic techniques used for 
isolating phenolic compounds from chloroform extract included Vacuum Liqiud 
Chromatography (VLC) (using silica gel 60, 0.040-0.063 mm), Gravitational Column 
Chromatography (GCC) (silica gel 60, 0,063–0,200 mm and 0,200–0,500 mm or 70–230 mesh 
ASTM), and preparative-TLC (using silica gel 60 GF254 chromatoglass). TLC analyses were 
carried out on silica gel GF245 chromatoplates with the developing solvent systems. Each TLC 
analyses resulted from isolation process is always monitored by using UV lamp either on 254 
nm or 366 nm.  
 
Plant material 
 
Xylocarpus moluccensis was collected in February 2013 from Sedati, Sidoarjo, East Java, 
Indonesia. The identification of the plant was performed by LIPI, Purwodadi, East Java. A 
voucher sample is kept in the Herbarium of LIPI. 
 
Procedure 
Extraction and Isolation 
  
The dried stem bark (2.5 kg) of Xylocarpus moluccensis was macerated with methanol (20 L) at 
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room temperatur three times. The solvent was removed under reduced pressure to yield 1678.7 g 
of a thick syrupy and brownish red extracts. After removal of the solvent by evaporation, the 
residue was suspended in methanol and defatted with chloroform yielded two layers. The 
chloroform layer (under layer) was evaporated to obtain chloroform extract (44 g).  
A portion of chloroform extract (10 g) was then subjected to silica gel VLC using hexane-
chloroform-methanol system (100 : 0 : 0  0 : 0 : 100) to yield 155 fractions. Of these, 
fractions 77-112 were combined on the basis of TLC to get 5.98 g (called as B1 fraction). The 
same manner, it was also applied to the other extract (10 g) using the same silica and eluent to 
yield 15 fractions. Of these, fractions 6-10 were also combined on the basis of TLC to yield 5.99 
g (called as B2 fraction). Furthermore, fractions B1 and B2 were combined  to obtain 11.97 g 
(called as B3). The combined fractions (B3) was then divided by two portions (B3a, 6.02 g and 
B3b, 5.95 g) in which each portion was subjected to VLC on silica gel using the same eluents as 
used above, to yield 16 and 13 fractions, respectively. Fractions 7-11 from the first portion 
(B3a) and fractions 4-7 from the second portion (B3a) were combined on the basis of TLC to 
get 9.36 g (called as B4).  
The fraction B4 was then also performed to VLC on silica gel using one eluent system, i.e. 
hexane : chloroform : methanol (7 : 2 : 1) to yield 12 fractions. Fraction 1-5 and fraction 6-10 
were combined to get 7.22 g (called as fraction B4a). This separation process was seemed to be 
unsuccesful. By observing the profile of TLC from 12 fractions resulted in VLC of fraction B4 
above, it seemed that there are spots located at top with Rf 0.8 – 1.0. Therefore,  it was 
necessary to add hexane to solve part that is soluble in hexane and occured precipitation. Of 
these, the fractions was then filtered to yield precipitation that is soluble in chloroform. After the 
chloroform soluble part was evaporated, it was obtained browniesh red extract (5.35 g). 
Furthermore, the extract was divided into three portions (B4a1 (1.5 g), B4a2 (1.5 g), and B4a3 
(2.35 g)). Each portion was chromatographed through GCC using eluent system hexane:  
chloroform : methanol (3 : 6 : 1) to get 50 fractions, respectively. On the basis of TLC, from 50 
fractions of each portion that give the same value of Rf can be grouped into 7 fractions [A1 (1-
8), A2 (9), A3 (10), A4, (11), A5 (12), A6 (13-14), and A7 (15-50)]. When observed on the 
fraction A4, A5, and A6 from each portion, it seemed that all fractions gave simple 
chromatogram profile. Therefore, preparative-TLC using eluent system 
(hexane:chloroform:methanol=3:6:1) was carried out toward each fraction of A4, A5, and A6 
for respect portions, to yield 6, 6, and 4 band fractions, i.e. A4 (a1-a6), A5 (a1-a6), and A6 (a1-
a4). Finally, the fraction A5a3 was then purified using P-TLC with the same eluents and 
followed by evaporation at room temperature yielded a pure enough isolate as yellow crystal 
(19.8 mg) with m.p. 178-179 oC. with m.p. 178-179 oC. The crystal was characterized by UV-
Vis, IR, and GC-MS spectroscopies and determined its structure to give compound 17.  
Using the same separation process including VLC, GCC, and P-TLC always monitored by TLC 
toward fraction A6a2, it gave a pure enough isolate as white crystal with m.p. 164-165 oC. 
Furthermore, the isolate was characterized by the same spectrocsopies as mentioned above, to 
gain compound 18. scopoletin). 

Result of The Research and Discussion  

The chloroform extract of Xylocarpus moluccensis that was partitionated using the various 
eluent system and repeated chromatographic purification yielded two compounds,i.e. 
compounds 17 and 18.  

Compound 17: was obtained as yellow needle crystals (19.8 mg), m.p. 178-179 oC. The UV-Vis 
spectrum of compound 17 showed maximum absorption at 261 nm indicating phenolic 
compound. The IR spectrum exhibited the following absorption frequencies (KBr, ν˜max.): 
2961, 2852, 1615, 1542, 1466, 1367, 1262, 1096, and 802 cm−1. The IR spectrum of compound 
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17 showed absorption bands at 2961 and 2869 cm−1 indicating C-H stretching, 1615, 1542, and 
1466 cm−1 indicating benzene ring. For a while, absorption bands at 1367 cm−1 showed methyl 
group, 1262 and 1096 cm−1 indicated –O-aryl and –O-alkyl, respectively. The last absorption 
band at 802 cm−1 showed substituted benzene. EI-MS exhibited a molecular ion peak at m/z 192 
(M+) which is compatible with the molecular formula C11H12O3. The EI-MS of compound 17: 
39, 53, 65, 77, 91, 103, 119, 131, 147, 160, 177, and 192 were all consistent with skeletal 
pattern of Myristicin series. 

Compound 18: was yielded as white crystal (12 mg), m.p. 164-165 oC. The UV-Vis spectrum of 
compound 18 exhibited maximum absorption at 240, 295, and 341 nm indicating phenolic 
compound. The IR spectrum of it showed the following  absorption frequencies (KBr, ν˜max): 
3339, 2925, 2852, 1705, 1609, 1567, 1509, 1376, 1291, 1141, 1019, 922, 863, and 821 cm−1. 
The IR spectrum of compound 18 showed absorption bands at 3339 cm−1 indicating hydroxyl 
group, whereas absorption bands at 2925 and 2852 cm−1 indicated C-H stretching. The IR 
spectrum with peaks at 1705 cm−1 indicating δ-lactone carbonyl group, and then at 1609, 1567, 
and 1509 cm−1 indicating benzene ring support that compound is a coumarin. For a while, 
absorption bands at 1376 cm−1 showed methyl group, 1291, 1141, and 1019 cm−1 indicated –O-
aryl, O-esther and –O-alkyl, respectively. The rest absorption band at 863 and 821 cm−1 showed 
substituted benzene. EI-MS exhibited a molecular ion peak at m/z 192 (M+) which is 
compatible with the molecular formula C10H8O4. The EI-MS of compound 18: 39, 51, 69, 79, 
92, 107, 121, 135, 149, 164, 177, and 192 were all consistent with skeletal pattern of scopoletin 
series. 
 

Discussion Contains Explanation Supported with References 

Chromatographic analyses of the chloroform extract of the stem bark of Xylocarpus 
moluccensis afforded three phenolic compounds, namely 2-ethylhexyl 4-methoxycinnamate (16, 
Tukiran et al., 2012 and 2013), Myristicin (17), and a simple coumarin, scopoletin (18). As 
known that three phenolic compounds that was obtained is phenylpropanoids derivates because 
of having C6-C3 in their basic skeleton.  
 
Based on literature study as presented above, these findings of three phenolic compounds is the 
first report on the occurrence of phenylpropanoids in the stem bark of this plant. Scopoletin (18) 
also occur in genera of the family Rubiaceae (Siddiqui et al., 2007) such as Morinda citrifolia 
as well as other families, e.g. Euphorbiaceae (Bayoumi et al., 2008) such as Euphorbia 
heteradena (Oksus et al., 2002). 
 
Kai et al. (2006 in Bayoumi et al., 2008) recently reported the occurrence of high levels of the 
coumarins scopoletin found in the wildtype roots 180-fold higher than in aerial parts. 
Furthermore, it was also reported that scopoletin can be suggested biosynthezed through 
precursor of cinnamate as shown the following picture. Because of 2-ethylhexyl 4-
methoxycinnamate is a hydroxycinnamate ester, it can also be suggested to be formed from the 
precursor. Because Myristicin also include phenypropanoids, of course it was suggested that the 
compound can be biosynthezed from the cinnamate.  
 



Tukiran, et.al. / Phenolic Compounds From …            ISBN. 978-979-99314-8-1 
 

 
C-256 

On the other hand, myristicin, or methoxysafrole, is a phenylpropene that is the principal 
aromatic constituent of the volatile oil of nutmeg, the dried ripe seed of Myristica fragrans 
(Essam and Maytham, 2012). Myristicin is also found in several members of the carrot family 
(Umbelliferae) (Helena and Thuvander, 1997). 

  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Picture. Biosynthetic Pathways of Phenylpropanoids  
 

Conclusion  

Three phenolic compounds, i.e. 2-ethylhexyl 4-methoxycinnamate, myristicin, and scopoletin 
were successfully isolated for the first time from the chloroform extract of Xylocarpus 
moluccensis stem bark. All of these compounds are phenypropanoids that can be suggested that 
they can be formed from precursor, cinnamate.   
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ABSTRACT 
 

Papain is an enzyme containing cysteine proteases that have catalytic properties. 
This enzyme is thermostable, active in the pH range 3.0 to 9.0 and can be obtained from 
papaya latex (Carica papaya). Activity of these enzymes can be utilized in the process of 
chitin from shrimp shells deproteination. Papaya latex is tapped and then mixed with a 
solution of 0.1% v / v (NaHSO3: NaCl, 1:1). The mixture was stirred as he added 100 mL 
of phosphate buffer pH 7. The mixture was left for 1 hours at 4°C and then centrifuged at 
1500 rpm for 20 minutes. Supernatants were stored at 4°C was obtained. 

Deproteination of chitin  by  2 to  6%  papain in phosphate buffer solution at pH 
7 for 3 to 5 hours at  50ºC. Demineralized with lactic acid for 3 hours 40°C. 
Decolorization of chitin using chloroform, methanol and water (1: 2: 4, v / v). Chitin 
obtained was filtered and washed using distilled water and then dried in an oven at a 
temperature for 12 hours at 65oC  

The results showed that the chitin produced has better physicochemical 
properties than the chemically chitin preparation. The characterization results showed that 
the degree of deacetylation of chitin was 13.5 to 25.2o. The results also showed that the 
concentration of the enzyme papain was increased on deproteination of chitin. 

 
Key word : papain, chitin, deproteination 

 
INTRODUCTION 

Chitin is a linear polysaccharide compounds containing N-acetyl-D-glucosamine. Chitin 
is a biopolymer that is non-toxic, biodegradable, and biocompatible. Compound chitin and its 
derivatives have been widely used in various applications in medicine, pharmacy, 
biotechnology, agriculture, environment, water treatment, and paper industry, textile, plastics 
and batteries (Cheba, 2011).  Chitin is citocompatible and have bioactivity (Kumirska, et al., 
2011). Bioactivity is influenced by physicochemical properties consisting degree of 
deacetylation, molecular weight, solubility, crystallinity, viscosity, biodegradability and 
biocompatibility. 

Chitin can be obtained from crustaceans, insects, mollusca and fungi with deproteinasi 
reaction kimiawimelalui extraction with alkaline and acid demineralization. The use of strong 
alkali such as NaOH in deproteination  process and the using for acid demineralization could be 
expected to impair the properties of chitin fisikokimiawi. Demineralization with hydrochloric 
acid in the process can destroy physicochemical  properties of chitin (Das and Ganesh (2010). 

One of the methods that has been developed chitin extraction is the extraction of 
biologically by using microorganisms or enzymes. Isolation of chitin by biological processes 
have advantages over chemical processes (Arbia, et al., 2013). Extraction is carried out using 
bacterial proteolytic or enzyme protease that act  in the reaction of chitin deproteination. The 
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reaction produces lactic acid is useful in demineralization. 
The structure of chitin obtained more homogeneous, biodegradability, biocompatibility, 

and non-toxic (Arbia, et al., 2013). Chemical process be expected to affect the molecular mass 
and the degree of deacetylation of chitin, as well as allowing the formation of organic salts of 
deacetylation and depolymerization reactions of chitin. Biological extraction has been carried 
out using various protease enzyme producing bacteria, such as Aspergillus niger and 
Lactobacillus plantarum (Das and Ganesh, 2010; Khorrami, et al., 2012), Erwinia chrysanthemi 
(Giyose, et al., 2010), Bacillus subtilis, Lactobacillus paracasei, pentosaseus Pediococcus, 
Pseudomonas aeruginosa, and Penicillium chrysogenum (Troger and Nirajan, 2010). 

Deproteination of chitin can also be done with the protease enzyme. Alkalase including 
protease enzyme which can release up to 64% protein and produce a degree of deacetylation of 
chitin with up to 77.67% (Mizani and Aminlari, 2007). Preparation of chitin was performed 
through protein hydrolysis which takes place optimally at temperatures 40oC for 1 hour at pH 8. 

Protease enzymes which allegedly has the same ability to accelerate the reaction of 
papain hydrolysis of the protein is obtained from the sap of papaya fruit (Carica papaya). 
Papain is a type of enzyme protease-containing group sulfihidril (Monti, et al., 2000; Yuniwati 
et al, 2008) found in cysteine (Dubey, et al., 2007). The group can actively participate in the 
process of hydrolysis of the protein so that it can be used in the reaction suspected 
deproteination chitin. 

The ability of papain in the hydrolysis of protein in stage deproteination of chitin 
important to be studied. This method is one of the extraction of chitin which is expected to 
produce chitin extract having a more homogeneous structure and has better physicochemical 
properties. The use of protease enzymes from papaya latex in deproteination of chitin is one of 
the studies conducted in order to reduce the use of harmful chemicals and are quite expensive. 
Protease enzyme from papaya latex can be obtained easily and more environmentally friendly. 
Therefore, this study is important to study the potential of papain in the preparation of chitin. 

 
RESEARCH METHOD 
Materials 

Sodium hydrogen sulfite, sodium chloride, potassium dihydrogen phosphate potassium 
hydrogen phosphate, lactic acid, sodium hydroxide, methanol, chloroform, and hydrochloric 
acid of reagent grade, were all purchased from Merck, Germany. Natural chitin was obtained by 
isolating it from shrimp shells and papain was obtained from papaya latex. Other materials used 
are distilled water, filter paper Wathman 42, universal pH paper and standard buffer solution of 
4.00 and 7.00. 
 
Preparation of Papain Latex from Papaya (Carica papaya) 

Papain latex from papaya (Carica papaya) was obtained from the fruit sap at 5:00-
08:00 pm. Preparation of papain latex refers to procedures performed by (Geantaresa and 
Supriyanti, 2010). Papaya latex that has been was obtained is mixed with a solution of 0.1% v / 
v (NaHSO3: NaCl, 1:1). The mixture was stirred until smooth and then added 100 mL of 
phosphate buffer pH 7. Mixture is left to stand for 1 hour at 4 °C and then centrifuged at 1500 
rpm for 20 minutes. The resulting supernatant was stored at 4 °C. 
 
Preparation of Chitin Using Papain Enzyme 

Extracted from the shells of shrimp chitin obtained from shrimp suppliers in 
Yogyakarta. Shrimp shells are washed with clean water and dried at 65oC for 48 hours. Shrimp 
shells was milled to obtain a powder with a size of approximately 100 mesh. 

Chitin Extraction carried out with deproteination  using an enzyme papain. Twenty-five 
grams of shell powder put into a erlenmeyer flask then added 50 mL of 2 to 6% solution of 
crude papain in phosphate buffer solution at pH 7. Reaction was carried out at 50 º C for 3 hours 
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while stirring with a magnetic stirrer. Heating was continued until a temperature of 80 º C for 30 
minutes. The results was filtered and was washed with distilled water and neutralized. The 
results obtained were dried in an oven at a temperature of 65oC for 6 hours. 

The results of deproteination was demineralized with 100 mL  lactic acid at 40oC (Das 
and Ganesh, 2010). Demineralization carried out for 3 hours while stirring with a magnetic 
stirrer. The results was filtered and was washed with distilled water. Depigmentation of chitin 
has been obtained by using 50 mL of a mixture of chloroform, methanol and water (1: 2: 4, v / 
v) (Arbia, et al., 2013). Chitin obtained was filtered and was washed using distilled water and 
then dried at 65oC for 6 hours. 
 
Characterization of Chitin 

Characterization of chitin carried out with infrared spectrophotometer . Infrared spectra 
of chitin were measured from KBr pellets by a Shimadzu FT-IR/8201 PC spectrophotometer. 
The degree of deacetylation of chitin was determined using infrared spectral data with the wave 
number range 4000 to 400 cm-1. The degree of deacetylation was calculated using the method of 
Baxter baseline by comparing the absorbance at 1655 cm-1 and 3450 cm-1 (Brugnerotto, 2001 
and Junaidi, et al., 2009). 
 
RESULT AND DISCUSSION 
Characterization of Chitin 

Potential as enzyme papain protease in the release of proteins in chitin binding. Figure 1 
represents the results of the characterization of infrared spectra of chitin preparation results with 
papain 2, 4, and 6%. The result of deproteination using 2 % of  papain showed -OH stretching 
vibration of aliphatic groups bonded to each monomer unit of chitin in the wave number 
3448.72 cm-1,-NH stretching vibration of the acetamide group at 1573.91 cm-1, -C stretching 
vibration =O of acetamide group at 1627.92 cm-1, -CN-stretching vibration of the acetamide 
group at 1319.31 cm-1, -CH-stretching vibration of -CH3 at 1381.03 cm-1 and vibration -COC- 
from glucosamine at 1072.43 and 1026.13 cm-1. 

Similar spectra are also shown at 4% of papain. Figure 1. showed -OH stretching 
vibration of aliphatic groups bonded to each monomer unit of chitin in the wave number 
3448.72 cm-1,-NH stretching vibration of the acetamide group at 1566.20 cm-1, -C stretching 
vibration =O of acetamide group at 1635.64 cm-1 , -CN-stretching vibration of the acetamide 
group at 1319.31 cm-1,-CH-stretching vibration of -CH3 at 1381.03 cm-1 and vibration -COC- 
from glucosamine at 1072.42 and 1026.13 cm-1. 

 The same spectra are also shown in the results with 6 % of papain.   Chitin that 
deproteination using 6 % of  papain showed -OH stretching vibration of aliphatic groups bonded 
to each monomer unit of chitin in the wave number 3448.72 cm-1,-NH stretching vibration of 
the acetamide group at 1566.20 cm-1,-C stretching vibration =O of acetamide group at 1635.64 
cm-1, -CN-stretching vibration of the acetamide group at 1319.31 cm-1, -CH-stretching vibration 
of -CH3 at 1381.03 cm-1 and vibration -COC- from glucosamine at 1072.42 and 1026.13 cm-1. 

This study showed similar spectra between chitin from chemically and enzymatically 
processes. Papain have potential to hydrolyze proteins bound to chitin, as shown in Figure 2. 
Figure 2. Provide information that chitin produced in the enzymatic reaction spectra have a 
structure similar to a chemical process.Figure 2. showed -OH stretching vibration of aliphatic 
groups bonded to each monomer unit of chitin in the wave number 3348.72 cm-1, -NH 
stretching vibration of the acetamide group at 1558.43 cm-1, -C stretching vibration =O of 
acetamide group at 1651.07 cm-1,-CN-stretching vibration of the acetamide group at 1319.31 
cm-1, -CH-stretching vibration of -CH3 at 1381.03 cm-1 and vibration -COC- from glucosamine 
at 1072.43 and 1026.13 cm-1. The infrared spectra are similar to those studied by Palpandi et al. 
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(2009) 
The presence of protease enzyme which containing group sulfihidril (Monti, et al., 

2000; Yuniwati et al, 2008; Dubey, et al., 2007) was potentially for deproteination of chitin.  It 
were actively participate in the process of hydrolysis of the protein so that it can be used in the 
reaction suspected deproteination chitin. 
 
 
 

 

 

Chitin-Papain 2 

Chitin-Papain 4 
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Figure 1. Chitin from enzymatically processes  

 

 
Figure 2. Chitin from chemically processes 

 
Concentration Effect of Papain on the degree of deacetylation 

Table 1. was showed the degree of deacetylation chitin from enzymatically processes by 
papain.  The degree of deacetylation chitin was calculated using the method of Baxter baseline 
by comparing the absorbance at  1655 cm-1 and 3450 cm-1 (Brugnerotto, 2001 and Junaidi, et al., 
2009).  Chitin which extracted enzymatically with papain have degree of deacetylation 13.5 to 
25.2o. The results also showed that the concentration of the enzyme papain was increased on 
deproteination of chitin.  

This study was showed  the nature physicochemical of chitin better than chemically 
processes (Arbia, et al., 2013). The degree of deacetylation determined by the ability of papain 
to hydrolyze proteins. Concentration effect of papain on the magnitude of the degree of 
deacetylation. In the enzymatic process requires a comparison of the concentration of the 
enzyme and the substrate so as to obtain optimum results. 

Chitin-Papain 6 
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Table 1. The degree of deacetylation of chitin 
Kitin Concentration of papain Degree of deacetylation (DA) 

Chitin-NaOH  17,2 % 

Chitin-Papain 2 2 % 13,5 % 

Chitin-Papain 4  4 % 25,2 % 

Chitin-Papain 6  6 % 20,9 % 
 
CONCLUSION  

The results showed that the chitin produced has better physicochemical properties than 
the chemically chitin preparation. The characterization results showed that the degree of 
deacetylation of chitin was 13.5 to 25.2o. The results also showed that the concentration of the 
enzyme papain was increased on deproteination of chitin. 
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Abstract 

 
Sulfonamide analogues such as sulfonylhydrazones, exhibited various applications. The 
present study involves synthesis a series of 4-methylbenzenesulfonylhydrazone derived 
from the condensation reaction of 4-methylbenzenesulfonylhydrazine with the derivative 
of salicylaldehyde. The ligands were coordinated to Cu(II) by the reaction of metal 
acetates. The ligands and metal complexes were characterized by analysis of  CHN, IR, 
NMR and UV/Vis. The involvement of azomethine nitrogen and phenolic oxygen atom 
upon the coordination of Cu(II) complexes of SALMeBSH was determined in their IR 
spectra. Additionally, the bands of NH and SO2 remain more or less at the same position 
indicating that these groups did not take part in the coordination. The appearance of a 
single broad absorption band in the spectra UV-Vis of Cu(II) at 735 nm respectively 
which was assigned to d-d transitions indicating the complexes were in square planar. 
The potential of Cu-(5BrSALMeBSH)2 complex as reagent for phenolic compound 
detection was also investigated. 

 
Key words: Cu(II) complexes, 4-methylbenzenesulfonylhydrazone, phenolic compound 
detection 

 
 
INTRODUCTION 
 
The basic strength of the C=N group in Schiff base ligands is its ability to coordinate with many 
different metals such as copper, nickel, iron and zinc and stabilized them in various oxidation 
states by simple co-ordination of the lone pair to a metal ion. Besides the nitrogen donor atom, 
considerable attention also has been paid to the chemistry of the metal complexes of Schiff 
bases containing other donor atoms; oxygen and sulfur act as good chelating agent which can be 
designed to yield mono-, bi- or dimer complexes. The intensively coloured metal complexes 
were produced and some of which have been shown to exhibit interesting physical and chemical 
properties [1].  
 
In the beginning, research on the Schiff base complexes was focused on the characteristics of 
the chelation of ligands with metal complexes. Magnetic susceptibility, absorption spectra, 
elemental analysis, molecular weight determination, conductivity, thermal analysis of many 
Schiff base complexes has been reported. Nowadays, the research field dealing with Schiff base 
metal complexes has been expanded enormously, and embraces very wide and diversified 
subjects comprising vast areas of organometallic compounds [2]. 



Yusnita Juahir, et.al. / Characterization Of …            ISBN. 978-979-99314-8-1 
 

 
C-268 

 
Benzenesulfonylhydrazines and their derivatives are capable of being neutral or charged 
moieties. Investigations to assess the possible use of metal chelates in the stabilization of 
unusual high oxidation states has been described previously. Interest in such studies, especially 
on hydrazone compounds also has arisen, owing to their potential application in view of their 
ability to form metal chelates and the appearance of novel structural features in co-ordination 
chemistry [3].  
 
Hydroquinone, chlorophenol, nitrophenol and cresol are present in a number of consumer 
products such as antioxidant in food and cosmetic [4]. The serious effects of the harmful 
substance usually increase as both the level and length of exposure increase. Repeated exposure 
to low levels of phenol in drinking water has been linked with diarrhea and mouth sores in 
humans and eating very large amounts of phenol has resulted in death [5]. Phenol will stay in 
the air, soil, and water for much longer times if a large amount of it is released at one time, or if 
a steady amount is released over a long time. Therefore, a rapid and effective method should be 
investigated for the determination of phenolic derivatives compound. 
 
Calorimetric, spectrophometer and HPLC are used for the determination of phenolic compounds 
as standard methods. However, the high cost and slow turnaround times of conventional 
photometric and chromatographic methods indicate a need for more sophisticated analytical 
techniques [6]. There are many chemical reagent used in the determination of phenol that have 
been reported [7,8]. Nevertheless there is limited research in the literature on phenolic 
compound detection using metal complexes. To the best our knowledge, there is no report on 
the potential of benzenesulfonylhydrozone complexes as reagent in the phenolic compound 
detection. This fact was the basis for developing reagent by using Cu(II) complexes of 
benzenesulfonylhydrozone in the detection of phenolic compound. In the beginning study, 
Cu(5Br-SALMeBSH)2 is the only complex that has been investigated.  

 
RESEARCH METHOD 
Materials and measurements 
4-methylbenzenesulfonohydrazine, 5-bromo-2-hydroxybenzaldehyde, 5-chloro-2-hydroxy 
benzaldehyde, 3-bromo-5-chloro-2-hydroxybenzaldehyde, 3,5-dibromo-2-hydroxy 
benzaldehyde, 3,5-dichloro-2-hydroxybenzaldehyde, dimethylformamide, phenol, 4-
chlorophenol, 4-nitrophenol and hydroquinone were purchased from Aldrich-Sigma or Acros 
Organics. Ethanol was distilled prior to use. All chemicals were of analytical grades and used 
without any further purification. The IR spectra were recorded on a Perkin-Elmer RX1 FTIR 
spectrometer in the range of 400-4000 cm-1 at room temperature. Samples were prepared as KBr 
pellets. The electronic spectra were measured by means of a Shimadzu 1601 spectrophotometer 
in the region 200-1100 nm. The 1H and 13C spectra were recorded using a Lambda JEOL 500 
MHz FT-NMR spectrometer. 
 
General method for preparation of ligands 
5Br-SALMeBSH was obtained by adding 4-methylbenzenesulfonohydrazine (0.30g, 1.61 
mmol)  dropwise into an acidified ethanolic solution of 5-bromo-2-hydroxybenzaldehyde (0.32 
g, 1.61 mmol). The mixture was refluxed for about 3 h. The resulting colorless solution was 
evaporated in vacuo to give brown crystalline percipitates which was then filtered off, washed 
with cold ethanol and then dried over silica gel. 5Cl-SALMeBSH, 3Br5Cl-SALMeBSH, 3,5-
Cl2SALMeBSH and 3,5-Br2SALMeBSH were obtained following the same procedure as for 
5BrSALMeBSH, by adding the relevant 2-hydroxybenzaldehyde compounds. The percentage 
yields obtained are in the range 70-81%. 
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5Br-SALMeBSH  
 Melting point: 201 C. Anal. Calc. For C21H23N5O6S2Ni: C, 45.66; H, 3.26; N, 7.93 %. Found: 
C, 45.70; H, 3.24; N, 7.78%. IR [max (cm-1) (KBr)]: NH 3131; C=N 1618; (CPh -O) 1288; 
as(SO2) 1324; s(SO2) 1167. UV–Vis [max (nm) (DMSO)]: 331 (n→*). 1H NMR: (DMSO-d6, 
ppm) : 11.59 (1H, s, OH); 10.45 (1H, s, NH); 8.14 (1H, s, N=CH); 6.88-7.76 (m, ArH); 3.35 
(3H, s, CH3); 

13C NMR: (DMSO-d6, ppm)  155.18 (C-OH); 143.68 (N=CH); 118.09-143.37 
(Ar-C); 21.05 (CH3).  
 
5Cl-SALMeBSH 
Melting point: 193 C. Anal. Calc. For C21H23N5O6S2Ni: C, 51.81; H, 3.65; N, 8.54%. Found: C, 
51.92; H, 3.71; N, 8.65%. IR [max (cm-1) (KBr)]: NH 3120; C=N 1620; (CPh -O) 1260; as(SO2) 
1324; s(SO2) 1170. UV–Vis [max (nm) (DMSO)]: 331 (n→*).1H NMR: (DMSO-d6, ppm) : 
11.58 (1H, s, OH); 10.45 (1H, s, NH); 8.10 (1H, s, N=CH); 6.838-7.74 (m, ArH); 3.35 (3H, s, 
CH3); 

13C NMR: (DMSO-d6, ppm)  155.58 (C-OH); 143.17 (N=CH); 110.64-143.27 (Ar-C); 
21.05 (CH3).  
 
3Br5Cl-SALMeBSH 
Melting point: 175 C. Anal. Calc. For C21H23N5O6S2Ni: C, 41.73; H, 2.96; N, 7.13 %. Found: 
C, 41.75; H, 2.98; N, 7.23 %. IR [max (cm-1) (KBr)]: NH 3216; C=N 1599; (CPh -O) 1284; 
as(SO2) 1328; s(SO2) 1162. UV–Vis [max (nm) (DMSO)]: 332 (n→*). 1H NMR: (DMSO-d6, 
ppm) : 12.06 (1H, s, OH); 11.09 (1H, s, NH); 8.11 (1H, s, N=CH); 7.45-7.75 (m, ArH); 3.44 
(3H, s, CH3); 

13C NMR: (DMSO-d6, ppm)  152.30 (C-OH); 146.34 (N=CH); 111.00-144.14 
(Ar-C); 21.06 (CH3).  
 
3,5-Cl2SALMeBSH 
Melting point: 164 C. Anal. Calc. For C21H23N5O6S2Ni: C, 46.89; H, 3.34; N, 8.12%. Found: C, 
46.93; H, 3.35; N, 8.16 %. IR [max (cm-1) (KBr)]: NH 3178; C=N 1599; (CPh -O) 1285; 
as(SO2) 1317.; s(SO2) 1163. UV–Vis [max (nm) (DMSO)]: 327 (n→*). 1H NMR: (DMSO-d6, 
ppm) : 12.00 (1H, s, OH); 10.98 (1H, s, NH); 8.13 (1H, s, N=CH); 7.49-7.75 (m, ArH); 3.35 
(3H, s, CH3); 

13C NMR: (DMSO-d6, ppm)  151.24 (C-OH); 145.48 (N=CH); 121.64-144.05 
(Ar-C); 21.07 (CH3).  
 
3,5-Br2SALMeBSH 
Melting point: 182 C. Anal. Calc. For C21H23N5O6S2Ni: C, 37.57; H, 2.64; N, 6.23%. Found: C, 
37.60; H, 2.68; N, 6.27 %. IR [max (cm-1) (KBr)]: NH 3197; C=N 1599; (CPh -O) 1284; 
as(SO2) 1321; s(SO2) 1160. UV–Vis [max (nm) (DMSO)]: 346 (n→*). 1H NMR: (DMSO-d6, 
ppm) : 12.05 (1H, s, OH); 11.13 (1H, s, NH); 8.10 (1H, s, N=CH); 7.66-7.79 (m, ArH); 3.33 
(3H, s, CH3); 

13C NMR: (DMSO-d6, ppm)  152.7 (C-OH); 146.24 (N=CH); 111.00-144.10 
(Ar-C); 21.05 (CH3).  
 
General method for preparation of ligands Cu(II) complexes 
Each SALMeBSH schiff base (0.30 mmol) was dissolved in ethanol (50 mL) and three drops of 
triethylamine were added. An ethanolic solution containing hydrated copper(II) acetate or 
nickel(II) acetate (0.15 mmol) was then added and the mixture was heated to reflux for 5 h. On 
cooling to room temperature, the resultant brown or green precipitation were filtered off, 
washed with cold ethanol and dried under vacuum. The percentage yields obtained are in the 
range of 52-65%. The proposed structure of the complexes is depicted in Figure 1. 
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Cu(5Br-SALMeBSH)2  
Melting point: 259C. Anal. Calc. For C21H23N5O6S2Ni: C, 41.98; H, 2.83; N, 6.97%. Found: C, 
42.07; H, 3.03; N, 7.01%. IR [max (cm-1) (KBr)]: NH 3122; 3435; C=N 1607; (CPh -O) 1305; 
as(SO2) 1326; s(SO2) 1166; UV–Vis [max (nm) (DMSO)]: 315 (n→*); 390 (LMCT), 735 (d–
d transition).  
 
Cu(5Cl-SALMeBSH)2 

Melting point: 247C. Anal. Calc. For C23H29N5O6S2Ni: C, 47.29; H, 3.34; N, 7.78%. Found: C, 
47.34; H, 3.40; N, 7.89%. IR [max (cm-1) (KBr)]: NH 3123; 3435; C=N 1613; (CPh -O) 1309; 
as(SO2) 1309; s(SO2) 1166; UV–Vis [max (nm) (DMSO)]: 310 (n→*); 395 (LMCT), 735 (d–
d transition).  
 
Cu(3Br5Cl-SALMeBSH)2 

Melting point: 274C. Anal. Calc. For C23H29N5O8S2Ni: C, 38.68; H, 2.53; N, 6.43%. Found: C, 
38.73; H, 2.55; N, 6.45%. IR [max (cm-1) (KBr)]: NH 3158; 3435; C=N 1601; (CPh -O) 1314; 
as(SO2) 1335; s(SO2) 1170; UV–Vis [max (nm) (DMSO)]: 315 (n→*); 390 (LMCT), 735 (d–
d transition).  
 
Cu(3,5-Cl2SALMeBSH)2 

Melting point: 275C. Anal. Calc. For C21H23N5O6S2Zn: C, 43.09; H, 2.81; N, 7.17%. Found: C, 
43.15; H, 2.85; N, 7.19%. IR [max (cm-1) (KBr)]: NH 3194; 3435; C=N 1604; (CPh -O) 1316; 
as(SO2) 1317; s(SO2) 1170; UV–Vis [max (nm) (DMSO)]: 315 (n→*); 390 (LMCT), 735 (d–
d transition).  
 
Cu(3,5-Br2SALMeBSH)2 

Melting point: 270C. Anal. Calc. For C25H35N5O6S2Zn: C, 35.08; H, 2.29; N, 5.75%. Found: C, 
35.14; H, 2.32; N, 5.85%. IR [max (cm-1) (KBr)]: NH 3158; 3435; C=N 1601; (CPh -O) 1312; 
as(SO2) 1335; s(SO2) 1170; UV–Vis [max (nm) (DMSO)]: 314 (n→*); 390 (LMCT), 735 (d–
d transition).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 The proposed structure of Cu(II) complex of SALMeBSH 
 
Methods for Detection of Phenol by Using Cu(5Br-SALMeBSH)2  
 
Cu(5Br-SALMeBSH)2 solution with concentration of 6.67 mg/L was prepared by mixing 0.05 
mL of 400 mg/L of Cu(5Br-SALMeBSH)2 stock solution with 2.95 mL of 200 mg/L of phenol 

 

X = H, Br, Cl and Y= H, Br, Cl 
M = Cu2+  
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stock solution in the cuvette. The total volume for the solution is 3 mL. The absorbance 
spectrum was measured by using ultraviolet visible spectrophotometer Cary 60. The absorbance 
intensity obtained at 342 nm was considered as the response of reagent before and after reacted 
with phenol. The relative absorbance was calculated by using the Equation 1.  
 

A� = A� − A�                             (Equation 1) 
Where 
A� = Relative absorbance intensity of Cu(5Br-SALMeBSH)2 
A� = Absorbance intensity of Cu(5Br-SALMeBSH)2 after reacted with phenol 
A� = Absorbance intensity of Cu(5Br-SALMeBSH)2 before reacted with phenol 
 
Experimental Parameters 
The effect of reagent, phenol concentration and phenol derivatives are the experimental 
parameters that were investigated. The concentration of Cu(5Br-SALMeBSH)2 in the range of 
1-9 mg/L was examined to obtain the optimum of reagent concentration. Meanwhile the effect 
of phenol concentration against Cu(5Br-SALMeBSH)2 was also conducted by using the 
concentration of phenol in the range of 5−200 mg/L. The different derivatives of phenolic 
compound were also investigated by using the reaction between Cu(5Br-SALMeBSH)2 with 4-
chlorophenol (CP), 4-nitrophenol (NP) and hydroquinone (HQ). The whole experimental 
parameter was carried out in triplicates. 
 
RESULT AND DISCUSSION 
 
General characterization 
Infrared spectra 
The shift of C=N band in the Cu(II) complexes to lower frequency from the free ligands 
indicates the involvement of azomethine nitrogen in the complexation [9]. This shift has been 
explained as a weakening of CN bond resulting from loss of electron density from nitrogen to 
the metal atom [10]. However it was only significant in the Cu(II) complexes of 
5BrSALMeBSH and 5ClSALMeBSH, but not in the series of 3Br,5ClSALMeBSH, 3,5-
Cl2SALMeBSH and 3,5-Br2SALMeBSH metal complexes. Cu(II) complexes undergo a shift 
toward higher frequency of C-O (phenolic) band indicating the participation of phenolic oxygen 
atom of aldehyde moiety in coordination to the Cu(II) metal ion [11]. Additionally, the bands of 
NH and SO2 remain more or less at the same position indicating that these groups did not take 
part in the coordination [10]. The appearance of band at 560-585 cm-1 and 452-466 regions in 
the complexes spectra can be assigned to ν(M-O) and ν(M-N) respectively. This further supports 
the coordination of the ligand to their metal ions [9].    
 
Absorption spectra  
The electronic spectral data of the Cu(II) complexes showed the absorption bands in the range 
of 310-315 nm, corresponding to the n → π* transitions. A new intense bands appeared 
significantly in the high-energy region at 390-395 nm and was attributed to the charge transfer 
O(phenolate) ↔/Cu(II) LMCT or MLCT. The presence of charge transfer transition band in the 
electronic spectra of these complexes further supports the bonding of the ligands to the Cu(II) 
ion [12]. The coordination was also confirmed by the appearance of a single broad absorption 
band in the electronic spectra of Cu(II) complexes at 735 nm and was assigned to the d-d 
transitions.  The result was consistent for CuN2O2 d-d transition which could appear in the 770-
500 nm (13,000-20,000 cm-1) region as proposed in Figure 1. The d-d absorption band could be 
attributed to 2B1g ←

 2A1g
  [13,14].   
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Detection of Phenol by Using Cu(5Br-SALMeBSH)2  
A series of experiments were performed in order to investigate the response of Cu(5Br-
SALMeBSH) in the presence of phenolic compound. Phenol was used as a substrate to study 
the potential of reagent interms of experimental parameter such as the effect of Cu(5Br-
SALMeBSH)2 concentration, phenol concentration and various type of phenol derivatives. The 
absorption spectra of Cu(5Br-SALMeBSH) is observed at wavelength of 342 nm in the absence 
of phenol compound. The addition of reagent into the phenol compound did not give any colour 
changes. Therefore there is no new peak can be observed in the presence of 80 mg/L phenol at 
the wavelength of 300-800 nm. However the response of reagent can be  monitored. The UV 
spectra shows the absorbance intensity decreases in the presence of 6.67 mg/L Cu(5Br-
SALMeBSH)2 reagent and 80 mg/L phenol.  
 
The result occurred could be due to the redox reaction between Cu(5Br-SALMeBSH) and 
phenol substrate. Phenol substrate was oxidized to phenolate ion giving the intramolecular 
electron transfer from deprotonated phenol (phenolate) to copper(II) to generate a copper(I)-
phenoxyl radical which has been proposed by Fiehn [7]. However, it is not yet possible to 
discuss the actual mechanism and correlate the decrease absorption of 342 nm in the presence of 
phenol due to the limited data. The finding result is different with a study that has been reported 
using Gibbs reagent in phenolic detection [15]. The reaction yields a compound that turns to 
blue colour  and the increase in the absorption intensity was observed with maximum absorption 
at 670 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 The Absorbance spectrum of Cu(5BrSALMeBSH)2 (a) before and (b) after reacted 
              with phenol 
 
 
The effect of Cu(5Br-SALMeBSH)2 concentration in the range of 1-9 mg/L is shown in Figure 
3. The increased of relative absorbance is observed with the increase of Cu(5Br-SALMeBSH)2 
concentration. The highest relative absorbance was observed when 6.67 mg/L Cu(5Br-
SALMeBSH)2 is used in the reaction with phenol. The relative absorbance decreased when the 
reagent is used more than 6.67 mg/L. Therefore, a concentration of 6.67 mg/L of Cu(5Br-
SALMeBSH)2 was employed for all subsequent studies. 

 
This result is in agreement with  previous study using immobilized tyrosinase enzyme in a 
chitosan film for the detection of phenol. Tyrosinase is a copper-containing monooxygenase 
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enzyme that catalyzes conversion of phenolic substrates to quinone and then was reacted with 3-
methyl-2-benzothiazolinone hydrazone (MBTH). The study showed that MBTH response 
gradually increase when the phenol concentration used was fixed and reached a maximum level 
0.2 mM [8].  
 

 
Figure 3    Effect of Cu(5Br-SALMeBSH)2 concentration on the absorption of UV-visible 
                  spectrophotometer. 
 
The dynamic range study was done by varying the concentration of phenol. Figure 4 shows that 
the relative absorbance of Cu(5Br-SALMeBSH)2 is propotional to the phenol concentration. It 
shows that the higher concentration of phenol is used, the more reaction occurs. However the 
addition of phenol concentation more than 80 mg/L was no longer increased the relative 
absorbance of Cu(5Br-SALMeBSH)2  at wavelength of 342 nm. Therefore the favourable range 
for Cu(5Br-SALMeBSH)2 to detect phenol was until 80 mg/L.  
 
The effect of various type of phenol derivatives against the relative absorbance of Cu(5Br-
SALMeBSH)2 is shown in Figure 5. The reagent shows the following order of sensitivity; 
phenol>hydroquinone>4-chlorophenol. Meanwhile the reagent of Cu(5Br-SALMeBSH)2 did not 
show any response for nitrophenol. In comparison to the result, a progress of optical 
determination for phenolic compounds and their derivatives effect using aminoantipyrine (4-
AAP) has been reported [16]. They found phenols determined by 4-APP method are phenolic 
compound in which there is no substituent in para position to the hydroxyl group except halogen 
and hydroxyl group. When the para position is blocked by nitro group, no colour reaction takes 
place.  
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Figure 4 Effect of various concentration of phenol towards relative absorbance of  
                Cu(5Br-SALMeBSH)2 
 

 
Figure 5   Effect of various types of phenol derivatives against relative absorbance of 
                 Cu(5Br-SALMeBSH)2 
 
 
CONCLUSION AND SUGGESTION 
 
Cu(II) complexes of 4-methylbenzenesulfonylhydrazone(SALMeBSH) are chelated by 
azomethine nitrogen and phenolic oxygen atoms. The potential of Cu(5Br-SALMeBSH)2 used 
as reagent in phenolic detection is giving response at 342 nm of UV spectra wavelength. The 
relative absorbance of Cu(5Br-SALMeBSH)2 is decreased in the presence of phenolic 
compound. Cu(5Br-SALMeBSH)2  however, is not the only Cu(II) complex to consider to 
explain the potential of complex that can be used as reagent in phenolic detection. Thus, the 
investigation of other Cu(II) complexes is also required.   
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Abstract 
 

The purpose of this study was to review the extant literature on chemical equilibrium 
research in high school chemistry. The review involved understanding of the nature of 
chemical equilibrium, particularly about chemical reactions not going to completion, the 
reversibility of chemical reactions and the idea of dynamic equilibrium. Associated with 
these understandings was the derivation of the Equilibrium Law and the significance of 
the equilibrium constant followed by the use of Le Chatelier’s Principle including the 
limitations of this principle. The review then focused on the common alternative 
conceptions associated with the chemical equilibrium concept. The study next considered 
these features in the Malaysian context. For this purpose, the researchers formulated an 
instructional program relevant to the Malaysian Higher School Certificate curriculum that 
was implemented over 11 hours with 56 high-achieving students in Year 12 from a 
private secondary school. To evaluate students’ understanding of chemical equilibrium 
concepts after instruction the Chemical Equilibrium Conceptual Test-1 (CECT-1) was 
administered after instruction. The test consisted of 10 two-tier multiple-choice items that 
were adapted from previously developed questionnaires. The results indicated very 
limited understanding of the relevant concepts. The total scores in the CECT-1 ranged 
from 0 to 9 (out of a maximum score of 10) with a mean score of 5.04. Less than 50% of 
students correctly answered five of the 10 items. The findings suggest the need for 
teachers to address students’ preconceptions about chemical equilibrium concepts and use 
appropriate strategies to enable students to acquire scientifically acceptable 
understandings.  
 
Keywords: Chemical equilibrium; dynamic equilibrium; Le Chatelier’s Principle; 
reversibility of chemical reactions 

 
Introduction 
The topic of chemical equilibrium has been widely researched in several countries (Cheung, 
2009; Özmen, 2008; Piquette & Heikkinen, 2005; Quilez-Pardo & Solaz-Portoles, 1995; Tyson, 
Treagust & Bucat, 1999). Chemical equilibrium is one of the key concepts in chemistry (van 
Driel & Gräber, 2002) that is  important for the understanding of several other concepts in 
chemistry like, redox reactions, phase changes, weak and strong acids and solubility. This study 
summarises a brief review of studies that have been conducted on the teaching and learning of 
chemical equilibrium and will provide valuable guidelines to teachers when planning their 
instruction on chemical equilibrium by focusing on the complex issues associated with 
understanding the related concepts.   
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Literature review 
Traditionally, chemical equilibrium has been taught using a kinetic approach that is based on the 
assumption that at equilibrium, the two opposing reactions occur at the same rate. For the 
equilibrium system aB + bB ↔ cC + dD, Keq = kf / kr = [C]c.[D]d / [A]a.[B]b, (where kf and kr are 
rate constants for the two opposing reactions). However, this derivation is incorrect (too 
simplistic) because for the reaction aA + bB → products, it is not always correct that r = 
k.[A]a.[B]b (van Driel & Gräber, 2002). More correctly, it is common to introduce chemical 
equilibrium qualitatively based on the idea of dynamic equilibrium using the Equilibrium Law, 
Keq = [C]c.[D]d / [A]a.[B]b (Tyson, Treagust & Bucat, 1999). The Equilibrium Law is derived not 
from kinetic information, but as an empirical law for ideal equilibrium systems (very dilute 
solutions and gases at low pressures).  

Students generally encounter problems understanding chemical equilibrium concepts. 
When they first learn about chemical reactions, they associate reactions with observable 
macroscopic changes like colour changes, heat changes, gas evolution and precipitate 
formation. Their observations confirm that reactions proceed to completion in one direction. 
However, when they learn about chemical equilibrium, they find that many chemical reactions 
are reversible, and may not go to completion, i.e., all the reactants and products are present in 
the equilibrium system. In addition, students are expected to know that all macroscopic 
properties are constant in an equilibrium system, yet due to the dynamic nature of chemical 
equilibrium, two opposite reactions are taking place at equal rates so that there is no observable 
effect. Hence, students are expected to revise their understanding about chemical reactions.   

Several studies over the past three decades or so are documented in the extant research 
literature that suggest that high school students (e.g. Gussarksy & Gorodetsky, 1990; Hackling 
& Garnett, 1985), university students (e.g., Thomas & Schwenz, 1998) as well as teachers 
(Banerjee, 1991) have difficulty understanding chemical equilibrium concepts. 

As a result of the difficulties that students experience with chemical equilibrium 
concepts,  they display several alternative conceptions such as (1) at equilibrium no reaction is 
taking place (Griffiths, 1994) indicating failure to understand the dynamic nature of chemical 
equilibrium, (2) equilibrium is like oscillations of a pendulum (Van Driel et al., 1998), (3) both 
sides (‘left’ and ‘right’) of a chemical equilibrium system can act independently of one another 
(Wheeler & Kass, 1978), (4) inability to distinguish between rate and extent of a chemical 
reaction (Johnstone, MacDonald & Webb, 1977), (5) there is a simple arithmetic relation 
between concentrations of reactants and products at equilibrium (Hackling & Garnett, 1985; 
Huddle & Pillay, 1996), (6) the concentrations of the reactants are equal to the concentrations of 
the products (Hackling & Garnett, 1985; Huddle & Pillay, 1996), and (7) when a reactant is 
added to an equilibrium system, the rate of the forward reaction increases with time until 
equilibrium is established (Hackling & Garnett, 1985).   
 Several strategies have been suggested in the research literature to help students 
overcome these alternative conceptions. In one example, in a study involving grade 10 students 
(15-16 year-olds), van Driel, De Voss, Verloop and Dekkers (1998) successfully used conceptual 
change strategies to challenge the students’ conceptions about chemical equilibrium by creating 
cognitive dissonance about their understandings. As a result, the students were able to accept the 
“incompleteness of a chemical conversion as an empirical fact” (p. 389). By doing so, they 
introduced the idea of dynamic equilibrium to account for the reversibility of chemical reactions 
and for the reactions not going to completion. 
 To further help students with understanding the concept of dynamic equilibrium, several 
instructional strategies involving the use of simulations and analogies are discussed in the 
research literature (van Driel & Gräber, 2002).  

Concerns have also been raised about the inadequacy of Le Chatelier’s Principle (LCP) 
(Quilez-Pardo, 1995), often stated as “When a stress is applied to a system, the system responds 
in a way to try to relieve the stress” (van Driel & Gräber, 2002; p. 279). Students tend to learn 
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the principle by heart and often apply it without understanding (Furió, Catalayud, Barcenas & 
Padilla, 2000). Students have the tendency to apply LCP outside the area of validity of the 
principle. Examples include the addition to or removal of solids from heterogeneous equilibrium 
systems, and the addition of non-reacting substances like water and an inert gas to equilibrium 
systems (Tyson et al., 1999; Voska & Heikkinen, 2000). Also, when the temperature of an 
equilibrium system was changed, students believed that the effect could be predicted without 
knowing whether the reaction was exothermic or endothermic (Voska & Heikkinen, 2000). 
Furthermore, the principle breaks down by not being specific about the conditions under which 
a gaseous system is in equilibrium (Lacy, 2005), like for example, whether the equilibrium is at 
constant temperature or pressure. Especially in gaseous systems, it is important that the 
conditions of equilibrium are unequivocally stated. 

The simplistic definition of LCP that is used by students is likely to cause serious errors 
in its application to equilibrium systems. The over-simplification in the use of LCP is illustrated 
in particular when there is a change in the number of moles in a gaseous reaction like the 
dissociation of dinitrogen tetroxide, N2O4(g) ↔ 2NO2(g). Assume for example, that the system 
is in equilibrium in a syringe with a movable piston and an inert gas say argon is added to the 
mixture at constant temperature and pressure. Using LCP, some teachers and textbooks suggest 
a blanket explanation that the equilibrium is not disturbed because argon does not take part in 
either reaction. However, when the reaction quotient (Q) expression for the equilibrium is 
considered, the total volume of the system appears in the denominator. When the inert gas argon 
is added, the total volume increases and Q becomes less than Keq. Therefore, the equilibrium 
moves to the right producing more NO2. In another example, involving the ammonia 
equilibrium, Cheung (2009) has shown how the application of LCP breaks down for gaseous 
chemical equilibrium systems in which there is a change in the number of moles. 

As noted by Cheung, Ma and Young (2009), purely relying on LCP to make predictions 
of the effects of disturbing an equilibrium system often leads to erroneous predictions. Earlier, a 
multi-faceted approach suggested by Tyson et al. (1999) involved using in addition to LCP, the 
equilibrium law and using collision theory to analyse the forward and reverse reactions. 
However we have not identified any research on teaching using this approach. 

 
Rationale of the study in the Malaysian context and research question 
Chemical equilibrium is widely included in several secondary school chemistry and tertiary 
curricula (Cheung, Ma & Yang, 2009; Kousathana & Tsaparlis, 2002; Özmen, 2008; Tyson, et 
al., 1999; Voska & Heikkinen, 2000). In Malaysia, the topic is introduced in Years 11-12 and 
includes understanding of reversible reactions, dynamic equilibrium, equilibrium law, 
equilibrium constant, heterogeneous equilibria, effects of changing concentrations of reactants 
& products, addition of inert gas, addition of catalyst, and Le Chatelier’s Principle. In view of 
the extensive difficulties faced by students that have been documented in the research literature 
as previously discussed, this study was conducted with a sample of Malaysian students’ to 
elucidate their understanding of chemical equilibrium concepts and thereby to highlight the 
complexities associated with the teaching and learning of chemical equilibrium concepts.  

Based on this rationale, the research question that was posed was: What is the understanding 
of a sample of Year 12 high-achieving students about chemical equilibrium? The findings of this 
study will benefit chemistry teachers by helping them plan more effective instruction to 
facilitate more appropriate understandings of the complex issues associated with the teaching 
and learning of chemical equilibrium concepts. 
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Methodology 
Research design 
A mixed methods design (Cohen, Manion & Morrison, 2011) using a treatment group was used 
in this study. As the purpose of the study was merely to evaluate students’ understandings of 
chemical equilibrium concepts and not to evaluate the effectiveness of the instructional 
program, it was decided not to include a control group.  
Research sample 
The last author liaised with the chemistry teacher from a private secondary school who had 
agreed to participate in the study. Two classes consisting of 56 Year 12 students were involved 
in the study. The same teacher taught both classes, thus ensuring consistency in instruction in 
both classes. 
Instructional program 
The instructional program was developed by the authors based on several propositional content 
knowledge statements (see Figure 1) related to the chemistry syllabus. Lessons were conducted 
in eight lessons over 11 hours during a period of four weeks. 
Research instrument 
The Chemical Equilibrium Conceptual Test-1 (CECT-1) that consisted of 10 two-tier multiple-
choice items was adapted from previous studies (Cheung, 2009; Özmen, 2008). A summary of 
the items is provided in Figure 2, and an example of an item is given in Figure 3. The complete 
instrument may be obtained from the first author. Eight of the items (except Items 7 and 10) 
were adapted from Özmen (2008). All these eight items were not specific about the conditions 
under which the chemical equilibrium systems were established or the responses in one or both 
tiers were not sufficiently clear. Consequently, these items were improved to avoid the 
shortcomings that are mentioned in the literature review. Conditions like equilibrium systems in 
a closed container or at constant temperature or pressure were not indicated in the original 
items. Item 7 about the addition of a catalyst to the 2CO(g) + O2(g)  ↔ 2CO2(g) equilibrium 
system was developed by the authors. Item 10 about the effect of adding an inert gas to the 
gaseous equilibrium system CO(g) + 2H2(g)   ↔  CH3OH(g), was  adapted from Cheung (2009). 
However, his item was a multiple-choice item. So, the authors developed the second tier of 
reasons. The instrument had a Cronbach’s alpha reliability of 0.63 that was above the threshold 
value of 0.5 for two-tier multiple-choice items (Nunally & Bernstein, 1994). 
 
1. Beginning with the reactants, as a reaction mixture approaches equilibrium, the 

concentrations of the reactants decrease while those of the products increase.  
2. Beginning with the reactants, as a reaction mixture approaches equilibrium, the rate of the 

forward reaction decreases and the rate of the reverse reaction increases. 
3. When equilibrium has been established, the concentrations of all the reactants and 

products remain constant. 
4. Once equilibrium has been established, the forward and reverse reactions continue to 

occur (i.e. the equilibrium system is a dynamic one, not static), at the same rate. 
5. At equilibrium, the concentrations of the reactants and products are related by the 

equilibrium law, where Kc and Kp are the equilibrium constants based on concentrations 
and partial pressures, respectively. For the hypothetical system 2A(g) + B(g) ↔ 3C(g), 
 
Kc =         [C]3                and    Kp =        (pC)3   
          [A]2 [B]                                    (pA)2 (pB) 

6. A large value of Kc indicates that the concentration of the products is relatively greater 
than that of the reactants, and vice versa. 

7. According to Le Chatelier’s Principle, when some change is made to an equilibrium 
system, the system reacts to partially counteract the imposed change and re-establish 
equilibrium. 
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8. When a catalyst is added to an equilibrium system, the rates of the forward and the reverse 
reactions increase to the same extent. 

9. The concentrations of the reactants and the products remain unchanged when a catalyst is 
added to an equilibrium system. 

10. In the presence of a catalyst, the value of the equilibrium constant, Kc, remains the same as 
in the initial equilibrium system. 

11. When an inert gas like helium is introduced at constant volume, the total pressure of the 
system increases, but does not change the partial pressures (or the concentrations) of the 
reactants. Therefore, it has no effect on the system. 

12. In a heterogeneous equilibrium system the equilibrium constant, Kc, does not include 
substances in the solid state. 

13. There is no effect on the addition or removal of some solid reactant or product to a 
heterogeneous equilibrium system; LCP is not applicable in this case. 

Figure 1 Major propositional content knowledge statements defining instruction on chemical 
equilibrium  
 
No. Description of items 
1. Establishing equilibrium: CO(g)  +  3H2(g)  ↔ CH4 (g)  +  H2O(g) 
2. Establishing equilibrium: PCl5(g)  ↔ PCl3(g)  +  Cl2(g) 
3. LCP-changing concentration in aqueous solution:  

2CrO4
2-(aq) + 2H+(aq) ↔ Cr2O7

2-(aq) + H2O(l) 
4. LCP-changing temperature in gaseous system:  

N2(g) + 3H2(g)  ↔ 2NH3(g), ∆H = -92.4 kJmol-1 

5. Equilibrium constant, Keq:  
4NH3(g) +  5O2(g) ↔ 4NO(g) +  6H2O(g),  ∆H = -905.6 kJmol-1 

6. Equilibrium constant, Keq:  H2(g) + I2(g)  ↔ 2HI(g) 
7. Addition of a catalyst: 2SO2(g) + O2(g)  ↔ 2SO3(g),  ∆H = -197.78 kJmol-1 
8. Addition of a catalyst: 2CO(g) + O2(g)  ↔ 2CO2(g),  ∆H = -556.0 kJmol-1 
9. Heterogeneous equilibrium: CaCO3(s)  ↔ CaO(s) + CO2(g) 
10. Addition of inert gas: CO(g) + 2H2(g) ↔ CH3OH(g)  

Figure 2 Summary of items in CECT-1 
 
Item 3: Suppose that 0.30 mol PCl5 is placed in a closed reaction vessel of volume 1000mL 
and allowed to reach equilibrium with its decomposition products,  phosphorus trichloride 
and chlorine at 250o C, according to the equation below: 
                           PCl5(g)           ↔            PCl3(g)   +    Cl2(g). 
What can we say about the concentrations of PCl3 gas and Cl2 gas at equilibrium? 
A Equal to 0.15 molL-1 

*B Lower than 0.30 molL-1 
C Equal to 0.30 molL-1 
  
The reason for my answer is: 
1 The concentrations of all species in the reaction mixture are equal at equilibrium. 
2 All of the phosphorus pentachloride decomposes into the products. 
3 Half of the phosphorus pentachloride decomposes into products. 
*4 Some of the phosphorus pentachloride decomposes into products. 
(* correct response) 

Figure 3 Example of an item in CECT-1 
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Data analyses techniques 
The data obtained from the CECT-1 were analysed using SPSS software package (version 21).  
The responses to the first tier of the items were first recorded as A, B, C, etc. while the 
combined tiers responses were recorded as A1, A2, .., B1, B2, ..C1, C2, … etc. The combined 
tier responses were then coded 1 if correct and 0 if wrong. These codes were then used in the 
analyses. The maximum score was therefore 10. 
 
Results and discussion 
CECT-1 responses 
The overall correct response to each of the items was not very encouraging (see Table 1). Less 
than 50% of students provided correct responses to four of the 10 items. The total score 
achieved by the students ranged from 0 to 9 (out of a maximum score of 10) with a mean score 
of 5.04. Figure 4 summarises the distribution of the total scores achieved by the students in the 
CECT-1. 
 
Table 1 Frequency of correct responses to both tiers of each item in the CECT-1 (N = 56) 
(% in parentheses) 
Item 
no. 

 Combined tiers frequency  Item 
no. 

 Combined tiers frequency 
   

1  50 (89.3)  6  33 (58.9) 
2  31 (55.4)  7  34 (60.7) 
3  7 (12.5)  8  36 (64.3) 
4  39 (69.6)  9  14 (25.0) 
5  23 (41.1)  10  15 (26.8) 
 
 
 

 
 
 
 

Figure 4 Distribution of Total CECT-1 Scores (N = 56) 
 
Conclusion and recommendations 
The review of the research literature that was conducted as part of this study highlights several 
deficiencies in students’ understanding about chemical equilibrium concepts. It is important that 
teachers themselves are aware of the misunderstandings that students tend to develop and 
therefore are able to take measures to develop scientifically acceptable understandings about 
chemical equilibrium concepts.  

This research study has shown that similar to the studies that have been discussed in the 
literature review, the Year 12 Malaysian students possessed limited understanding about several 
chemical equilibrium concepts like, the reversibility of chemical reactions leading to 
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establishing a state of equilibrium, the use of LCP in predicting changes in an equilibrium 
system resulting from perturbations to the system, and the effects of a catalyst or an inert gas on 
an equilibrium system. When using LCP in particular, it is important to be aware of the 
conditions under which the system concerned is being disturbed.  

One major source of concern is in the inappropriate interpretation of LCP when 
referring to equilibrium systems involving the addition of an inert gas or when adding or 
removing a solid from a heterogeneous equilibrium system. Limited understanding about the 
influence of solids in equilibrium systems was reflected in Item 9 in the CECT-1 involving the 
decomposition of solid CaCO3 in a closed container; as many as 46.4% of students 
inappropriately applied LCP and suggested that addition of more solid CaCO3 to the equilibrium 
system resulted in the production of more CaO and CO2. 

It is important therefore, that high school students have a firm foundation about the 
basic concepts of chemical equilibrium in preparation for more advanced study at university.  
Educators in preservice teaching programs need first to be made aware of students’ 
misconceptions so that they are able to take appropriate measures to convey the correct ideas 
about chemical equilibrium concepts to their student teachers. At the same time, well-
coordinated professional development courses need to be considered for inservice teachers.  
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ABSTRACT 

 
The aim of this study was to describe the understanding of freshmen majoring in 
chemistry in naming simple compounds whether simple ionic compounds or covalent 
compounds. Data were collected from38 students of State University of Malang using a 
test conducted after they took Basic Chemistry I class. The test was designed in short 
answer test type in which they had to name the ionic and covalent compounds from their 
chemical formulas, and vice versa. The result showed that the students’ ability in naming 
several ionic and covalent simple compounds is greatly poor. Naming ionic compounds 
with polyatomic ions was considered much more difficult for several students. All in all, 
naming the binary ionic compound that contained metal that formed more than one type 
of positive ion and thus formed more than one type of ionic compound with a given anion 
was considered as the most difficult one. It meant that the basic chemistry class that had 
been took by the 1st year students did not increase their understanding significantly in 
naming simple compounds. The implication of this study wasthat the teaching strategy in 
Basic Chemistry I lecture must be optimized in order to increase students’ understanding 
on this topic well.  
 
Keywords: The 1st year chemistry students understanding, naming simple compounds                  

 
 
INTRODUCTION 

In considering the characteristic of naming simple compounds that is commonly 
considered as a factual knowledge in chemistry, the research in this topic including ionic and 
covalent compounds is far more limited than other topics. Some researchers in science 
education especially in chemistry education is much more interested in other topics such as the 
particulate nature of matter, energy, solution and others that are considered contain more 
conceptual aspects. Harrison &Treagust (2002) emphasized the importance of the particulate 
nature of matter to be understood by students because this understanding can be used to explain 
the properties of matter' and the structure of the particles. Indeed, a vast array of biological, 
chemical and physical phenomena can only be explained by understanding the changes in the 
arrangement and motions of atoms and molecules. In addition, some researchers such as 
Treagust, Mocerino, Taber and the others have many publications in microscopic, symbolic and 
macroscopic levels of chemistry concepts. Meanwhile, Barke, Al Hazari&Yitbarek (2009) 
collected their research results in identification of students’ misconception on Substances and 
Properties, Particle Concept of Matter, Structure–Property Relationships, Chemical Equilibrium, 
Acid–Base Reactions, Redox Reactions, Complex Reactions, and Energy. They found the large 
number of students’ misconception on some chemical concepts.  
Previous Research in Chemistry Undergraduate Students Understanding  

Despite the number of research results focused on the undergraduate students 
conceptions and understandings in chemistry is not as much as that of on high school students, 
several publications related to this aspect have been revealed. Sozbilir&Bennet (2007) stated 
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that Interest in children’s understanding of science ideas hasits origins in the classic studies of 
Jean Piaget. Much of the research into students’ understanding of chemical ideas has focused on 
school-age pupils, with less emphasis on undergraduates. The fact showed that many university 
students even the prospective teachers got difficulties in understanding some fundamental 
concepts in chemistry as indicated in several research below. Sozbilir&Bennet (2007) found that 
the majority of the students could not use thermodynamic principles to explain the change in 
entropy of a system. The students’ thinking was found to be poor and limited at a microscopic 
level. Meanwhile, Carson & Watson (1999) investigated the conceptions held about chemical 
thermodynamics by first year chemistry undergraduate students. They concluded that students’ 
lack of understanding about work (and lack of any knowledge of pV work) means that it was 
inevitable that they would have had a limited knowledge of enthalpy at the beginning of the 
course. 

In a more specific purposes, Cartrette&Mayo (2011) investigated the organic chemistry 
students' understanding and application of acid/base theories in organic chemistry contexts. 
They knew that most students maintain declarative knowledge rooted in general chemistry 
training related to acids/bases, but they can't apply it in problem solving tasks. This assertion 
held true for most participants, whether chemistry majors or pre-professional majors. Further, 
flaws in student conceptual understanding of acid/base chemistry principles were 
revealed.Meanwhile, Orgill& Sutherland (2008) identified the Undergraduate Chemistry 
Students' Perceptions of and Misconceptions about Buffers and Buffer Problems. They conclude 
that both upper and lower-level chemistry students struggle with understanding the concept of 
buffers and with solving corresponding buffer problems. While it might be reasonable to expect 
general chemistry students to struggle with this abstract concept, it is surprising that upper-level 
students in analytical chemistry and biochemistry continue to struggle even though buffers are 
taught in many chemistry classes in an undergraduate program. 

Boudreaux & Campbell (2012) investigated the students understanding of liquid-vapor 
phase equilibrium who have enrolled in introductory physics and chemistry courses. Their 
responses showed thateven after instruction on the relevant material, many students fail to 
recognize that for one-component systems in which a liquid and its vapor coexist in equilibrium, 
the pressure is controlled solely by the temperature. Kelly, etc (2010) examined how 21 college-
level general chemistry students, who had received instruction that emphasized the symbolic 
level of ionic equations, explained their submicroscopic-level understanding of precipitation 
reactions. Students' explanations expressed through drawings and semistructured interviews 
revealed the nature of the misconceptions that they held. In addition, the research results related 
to the undergraduate students difficulties in understanding several fundamental concepts in 
chemistry are widely published by many researchers.  

Even more surprising than the first year students’ understandings, even the prospective 
chemistry teachers showed their difficulties in several basic concepts as investigated by several 
researchers below. Boz (2009) identified thirty-eight prospective chemistry teachers and found 
that most of them were found to have problems in understanding the neutralization concept, the 
distinction between strength and concentration of acids and linking the acids and bases topic to 
daily life. Another study conducted by Sozbilir, etc (2010) involved 67 prospective chemistry 
teachers at Kazim Karabekir Education Faculty of Ataturk University in Turkey during 2005-
2006 academic year and found that the prospective chemistry teachers' got difficulties in 
determining the differences between the concepts of chemical thermodynamics and kinetics. 
The analysis of results showed six major misconceptions about the difference between the 
concepts of chemical thermodynamics and kinetics indicating that the prospective chemistry 
teachers attempted to interpret the kinetics of several phenomena by using thermodynamics 
data.  

To sum up, based on these research results it can be concluded that students at all grade 
levels encounter conceptual difficulties even with fundamental chemistry concepts, and they 
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often develop conceptions which differ from those held by the scientific community. Some of 
these conceptions derive from individuals’ direct or indirect observation of, and spontaneous 
everyday interaction with, thenatural world around them (Driver, Squires, Rushworth, & Wood-
Robinson, in Buket & Emine, 2012). Other sources of these conceptions might be textbook 
misrepresentations, misleading everyday language, and even the act of teaching itself due to 
inappropriate instructional materials or teachers’ own alternative conceptions (Adbo & Taber; 
Duit & Treagust; Lin, Cheng, & Lawrenz in Buket & Emine, 2012). 
Previous Research in Chemical Nomenclature 

As stated previously, research results in students understanding in chemical 
nomenclature especially for simple compounds included ionic and covalent compounds are 
much more limited. Nevertheless several studies in this topic have been published. A surprising 
result was found by Habiddin (2011) who has collected several data from the incoming 
chemistry undergraduate students State University of Malang, class of 2011. He investigated 
several preconceptions of students in some fundamental concepts in chemistry, one of them is 
students’ abilities in naming simple ionic and covalent compound and vice versa. Many students 
could not name the simple ionic and covalent compounds from their chemical formulas and vice 
versa. For example, they name Aluminum(III) hydroxide for Al(OH)3 and write iron(II) oxide 
and iron oxide for Fe2O3.  

Some researchers realize the difficulty faced by students in remaining the rules in 
naming simple compound. Therefore, Morris (2011) used a Card Game to Help Students Learn 
Chemical Formulas. He stated that for beginning chemistry students, the basic tasks of writing 
chemical formulas and naming covalent and ionic compounds often pose difficulties and are 
only sufficiently grasped after extensive practice with homework sets. Therefore, an enjoyable 
card game that can replace or, at least, complement nomenclature homework sets is described. 
"Go Chemistry" is similar to the "Go Fish" card game in that students earn points by using cards 
to correctly form the formulas of covalent and ionic compounds and by subsequently providing 
the names of these compounds. By playing the game, students practice identifying an element or 
ion from its chemical symbol, categorizing elements as either metals or nonmetals, determining 
whether elements will combine to form ionic or covalent compounds, combining the cards in 
the correct ratio for electrical neutrality for ionic compounds or valency for covalent 
compounds, and applying the nomenclature rules. The difficulty of the game can be easily 
adjusted to match the course objectives and the knowledge level of the students. 

Another research conducted by Kavak (2012). He suggested thatlearning the symbolic 
language of chemistry is a difficult task that can be frustrating for students. Therefore, he 
designed a game, ChemOkey, thatcan help students learn the names and symbols of common 
ions and their compounds in a fun environment. ChemOkey, a game similar to Rummikub, is 
played with a set of 106 plastic or wooden tiles. The object of ChemOkey is to create the 
formulas and names of ionic compounds from tiles on which the names and formulas of 
common cations and anions are written. With ChemOkey, students can learn the symbols and 
names of common ions and acquire a level of familiarity with the electroneutrality principle and 
the names and formulas of ionic compounds. 
Understanding Rules in Naming Simple Compounds 
 In the beginning development of chemistry, there were no systematic rules in naming 
chemical compounds. Some substances were named based on the name of person who was 
found them such as Gmelin Compound, Masgnus Salt, Vauquelin Salt and others. The other 
compounds were named based on their colors such as Prussian Blue. Today, a huge number of 
chemical compounds have been found, so that a giving name based on the person or the color of 
certain compounds will bring a big difficulty in recognizing the chemical compounds. To 
facilitate in recognizing the name and the chemical formula of chemical compounds, IUPAC 
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give the systematic way for naming compounds in which thename tells something about the 
composition of the compound. The rules are accepted worldwide,facilitating communication 
among chemists and providing a useful way of labelingan overwhelming variety of substances.  
 The summarize rules in naming simple compounds are given below. Binary ionic 
compounds (type I) contain a positive ion (cation) always written first in the formula and a 
negative ion (anion). In naming these compounds, the following rules apply. A monatomic 
(meaning “one-atom”) cation takes its name from the name of the element. For example, Na+ is 
called sodium in the names of compounds containing this ion. A monatomic anion is named by 
taking the root of the element name and adding-ide. Thus the Cl- ion is called chloride. Besides, 
there are many metals (type II) that form more than one type of positive ion and thus form more 
than one type of ionic compound with a given anion. For example, the compound FeCl2 
contains Fe2+ ions, and the compound FeCl3 contains Fe3+ ions. In a case such as this, the charge 
on the metal ion must be specified. The systematic names for these two iron compounds are 
iron(II) chloride and iron(III) chloride, respectively, where the Roman numeral indicates the 
charge of the cation.The other type of simple compounds is ionic compounds with polyatomic 
ions such as ammonium nitrate, NH4NO3, contains the polyatomic ions NH4

+and NO3
-. 

Polyatomicions are assigned special names that must be memorized to name the 
compoundscontaining them. Lastly, Binary covalent compounds (Type III) are generally formed 
between two nonmetals. Although these compounds do not contain ions, they are named very 
similarly to binary ionic compounds.  
The Importance of Recognizing Rules in Naming Simple Compounds 

Basically, understanding the rules in naming simple ionic and covalent compoundswill 
facilitate the students understanding at the next concepts. On the other hand, the students’ 
difficulty in recognizing these rules will obstacle their understanding at the next concepts too. 
For example, in unpublished research Habiddin (2013) found that most students could not solve 
this problem “If you were to react 10 g of potassium chlorate with excess red phosphorus (P4), 
what mass of tetraphosphorusdecaoxide (P4O10) would be produced?”. The main reason for this 
problem is that they could not write the chemical formula of potassium chlorate properly and 
write the wrong chemical equation. As a result, they showed an inappropriate result although 
they understand how to solve a stoichiometric problems in chemistry as well. This result 
showed that understanding the rule in naming simple compounds is so important in supporting 
the students’ success in their next lecture. Mastering these rules now will prove beneficial 
almost immediately as we proceed with our study of chemistry. 
Goal and Benefit of This Research  

This study explored what the first year chemistry undergraduate students of State 
University of Malang understand and how they implement the rules in naming simple 
compounds, ionic and covalent compounds. Therefore, the following research question was 
addressed in this study. “What do chemistry undergraduates students of State University of 
Malang understand about the rule in naming simple compounds and implement the rule in 
naming the simple compounds from their chemical formulas and write the chemical formulas of 
simple compounds from their names?”. Thereby, the primary aims of this research are to 
identify the 1st chemistry undergraduate students’ preconception in naming simple compound 
and to suggest the appropriate teaching learning method of this topic in general chemistry class. 
These research result provide an applicable solution for the Basic Chemistry lecturers in 
learning in this topic. 
METHOD 

Data were collected from 38 students’ class 2013 at Chemistry Education Department, 
Mathematics and Science Faculty UM. The data were collected by a diagnostic test with short 
answer type. The test was divided into two parts. The first part contains several names of simple 
compounds in which they have to write the chemical formulas of these compounds correctly. 
Another parts contains several chemical formulas of simple compounds in which they have to 
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name these compounds correctly.The data were collected after these students have had took the 
basic chemistry I. the The descriptive research design was used for this study. 
RESULT AND DISCUSSION 
Research Question Part 1 

This part contains several names of simple compounds whether ionic or covalent 
compounds. The students was asked to write the chemical formulas of these compounds 
correctly. The problems sample and students’ responses were listed in the Table 1 below.  

 
Table 1. Students’ responses in naming simple compounds 

No.  
Chemical 
Formula 

Students Response: Original/English 
Number 

Answered 
(%) 

1. H2 
Dihidrogen/ dihydrogen 28,95 
Hidrogendioksida/ hydrogen dioxide 2,63 
Hidroksida/ hydroxide 2,63 

2. AlBr3 

Aluminiumtribromida/ aluminum tribromide 7,89 
Alumunium (III) bromida/ aluminum (III) bromide 34,21 
Alumuniumbromintrioksida/ aluminum bromine 
trioxide 

2,63 

3. SO2 

Sulfit/ sulfite  10,52 
Monosulfurdioksida/ monosulfur dioxide 2,63 
Belerang (II) oksida/ sulfur (II) oxide 2,63 
Sulfur oksida/ sulfur oxide 5,26 
Sulfide/ sulfide 2,63 
Oksigendioksida/ oxygen dioxide 5,26 
Sulfat/ sulfate  2,63 
Sulfur (IV) oksida/ sulfur (IV) oxide 2,63 
Sulfatdioksida/ sulfate dioxide 2,63 
Disulfioksida 2,63 

4. Na2S 

Dinatriumsulfida/ disodium sulfide 26,32 
Dinatriumsulfat/ disodium sulfate 10,52 
Dinatrium sulfur/ disodium sulfur 5,26 
Natriumsulfat/ sodium sulfate 2,63 
Natriumdisulfida/ sodium disulfide 2,63 
Natrium(II) belerang/ sodium(II) sulfur 2,63 

5. CuCl 
Tembagaklorida/ copper chloride 44,73 
Tembaga(II) klorida/ copper (II) chloride 2,63 
Cusiumklorida 2,63 

 
 At the question number 1, students were asked to name H2, one type of covalent simple 
compound (type III). About 60% of respondents/students gave the correct answer while the 
other gave the wrong one. The students’ who gave the wrong answer were divided into 3 kinds 
of answers. Two kinds of students answer, hidrogendioksida and hidroksida, written by 
2,63% of respondents for each kind of answer. Although the number of students given this 
answer was relatively small, this answer is surprising. The mentioning of oksidaand 
hidroksidathat are associated with the presence of oxygen is inacceptable because there is no 
oxygen in the formula. This phenomenon showed that the respondents absolutely have no idea 
in this aspect. The high number of students with about 28,95% wrotedihidrogen for this 
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formula. It can be assumed that they implemented on of rules in naming binary covalent 
compounds, prefixes such as mono, di, tri, tetra, etc are used to denote the numbers of atoms 
present. Because hydrogen is one of elements that normally occur as diatomic molecules like 
oxygen, nitrogen, and the halogens (H2, O2, N2, F2, Cl2, Br2, and I2), the naming of dihidrogen 
for H2 is not recommended.  
 In the next number, the students’ were asked to name AlBr3 that contains aluminum 
metal, a kind of metal which only form one type of cation (Al3+). Students’ response showed 
that differentiation between the metals which can only form one type of cation and the other that 
can form more than one type of cations is still a confusing aspect. it is strengthen with the high 
number of students’ who answered alumunium (III) bromidafor this formula with 34,21%. 
This difficulty is supported with the students’ responses at the last three numbers. The vast 
majority of students’ named tembagakloridafor CuCl while the other wrote tembaga (II) 
klorida. The later kind of answer has a mistake not only in recognizing the charge of Cu but 
also in giving the space between cu and its oxidation number. The similar case occurred in their 
responses for Na2S.  
 Meanwhile, students’ responses for the number 3 are much more surprising for several 
reasons. Because SO2is a binary covalent compound, the name Belerang (II) oksida and sulfur 
(IV) oksidaare really surprising. Another reason is that this compound is so familiar for the 
chemistry students as well as CO2. The extreme point in this number is the number of students’ 
who named sulfit for this compound with more than 10% of respondents meanwhile sulfat was 
wrote as an answer for this formula by 2,63%. It seems that they failed in remaining the rule for 
some oxyanions occur in series of ions that contain the same central atom and have the same 
charge, but contain different numbers of oxygen atoms. 
Research Question Part 2 

This part contains several chemical formulas of simple compounds whether ionic or 
covalent compounds. The students was asked to name these compounds correctly. The problems 
sample and students’ responses were listed in the Table 2 below.  

 
Table 2. Students’ responses in writing the chemical formulas of simple compounds 

No. Chemical Formula 
Students 
Response 

Number Answered 
(%) 

1. 
Besi(III) sulfat/  
Iron(III) sulfate 

Fe2SO4
- 2,63 

Fe2SO4
2- 2,63 

Fe2SO3 7,89 
Fe2SO3

- 2,63 
Fe2(SO4)2 5,26 
Fe3(SO4)2 2,63 

CuS3 2,63 
Fe3SO4 5,26 
Fe2S3 5,26 

Fe2SO4 2,63 
Fe(SO4)3 5,26 

Fe3S 2,63 
Fe3(SO4)3 2,63 

Fe3(SO4)3
2- 2,63 

FeS3 2,63 
Fe(SO3)3 2,63 

2. 
Dinitrogenpentaoksida/ 
Dinitrogen pentoxide 

N2O4 10,52 
N2O4

2- 2,63 
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3. 
Magnesium florida/ 
MagnesiumFluoride 

MgF+ 2,63 
MgFr 2,63 
MgF 18,42 
Mg2F 2,63 
MgFl 2,63 
Mg2F 2,63 
Mg2F

- 2,63 
Mg2O4 2,63 

4. 
Mangan(IV) oksida/ 

Manganese(IV) oxide 

Mn2O4 23,68 
MnO4 10,52 
MnO4

- 2,63 
MnO4

2- 2,63 
Mn4O 10,52 

MnO2
2- 2,63 

Mn2O 2,63 
Mn4O2 2,63 

Mn(O2)4 2,63 

5. 
Natriumhipoklorit/ sodium 

hypochlorite 

NaCO3
- 5,26 

Na 2,63 
NaClO- 7,89 

NaHCO3 2,63 
NaPO4 2,63 
NaCl 10,52 

NaHClO 2,63 
NaClO2 2,63 
Na(Cl5)

- 2,63 
NaHo 2,63 

NaHCl2 2,63 
N2O5

- 2,63 
NaClO3 5,26 
NaClO4 2,63 
NaCl3 2,63 

 
 
 At the question number 1, the students, asked to write the chemical formula of Besi(III) 
sulfat correctly. As showed in Table 2, there are so many kinds of students’ responses with 
almost equal number for each kind. The highest one is Fe2SO3 with 7,89% while Fe3SO4and 
Fe2S3 were wrote by 5,26% of students’ for each answer. Those answers indicate the difficulty 
faced by students’ as showed in the number 2,3,4 and 5 at Table 1. 
 In the next number, students were asked to write the chemical formula of 
dinitrogenpentaoksida correctly. This compound is a binary covalent compound as same as 
SO2 in the part 1. The highest incorrect number in this number is 10,52% for N2O4. In this 
number, the difficulty faced by students’ is related to the use of prefix mono, di, tri, tetra, etc. 
Several students’ recognized the prefix penta as 4.  
 In the last number, students were asked to write the chemical formula of 
Natriumhipoklorit, an ionic compound that contains polyatomic ion. Like the atoms in a 
molecule, the atoms that make up a polyatomic ion are held together by covalent chemical 
bonds. The primary barrier for the students’ to solve this problem is that polyatomic ions are 
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assigned special names that must be memorized to name the compounds containing them. In 
addition, hipoklorit associated with klorit, klorat and perklorat that must be memorized by 
them. Even for the sulfit and sulfat, they could not memorize well. The most surprising answer 
for this problem is NaClthat was choose by 10,52% respondent and considered as the peak.  
NaCl is so familiar for all chemistry leaners. Therefore this answer is really inacceptable and 
intolerable for chemistry undergraduate students’.  
 The students’ responses as stated in Table 1 and Table 2 showed thationic compound 
that contains polyatomic ions is considered much more difficult as showed from the students’ 
responses for number natriumhipoklorit. The total number of students’ who could not answer 
this problem correctly is 57,86%. In the mean time naming simple/binary compound (type II) 
that contains metal that form more than one cationsis considered as the most difficult one. The 
total number of students’ who gave the wrong answer reached about 60.50% and more as 
showed in number 4 Table 2. This number is not calculated yet for some of students’ who did 
not give an answer for this type of problem. They confused in differentiating whether the metal 
can only forms one cation or that can forms more than one cation even in differentiating 
between ionic compounds and covalent compounds.This phenomenon is strengthen with the 
many kind of students answer for Na2S, SO2, besi(III) sulfat and natriumhipoklorit. Besides, 
they commonly implemented the rule for binary ionic compounds for covalent compounds and 
vice versa. Another point that can be interpreted from this study is writing the chemical formula 
from their names is more difficult for students than naming the simple compounds from their 
chemical formulas. The total number of students’ responses in the Table 1 and Table 2 show it.  
Implication for Teaching 

The results of this study suggest that many students in the first year chemistry 
undergraduate class have difficulties in understanding the IUPAC nomenclature of simple 
compounds whether ionic or covalent compounds.After taking basic chemistry class, students’ 
abilities in naming simple compounds did not increase their understanding well. This result 
showed the similar result in students understanding with the incoming chemistry undergraduate 
students’ as found by Habiddin (2011). The findings of this study may provide some clues about 
the quality of student learning in typical basic chemistry classes.  

This study suggested that students’ mastery in naming simple compounds must be 
assured first before they go to learn the next topics. The understanding in this topic will 
facilitate their understanding for the next lectures, on the other hand their difficulties in this 
topic will obstacle their next classes. The consequence of this difficulty has been proved by 
Habiddin (2013), in which the students’ could not solve the stoichiometric problem because of 
their lack abilities in this topic. The results indicate that a substantial review of teaching 
strategies at the university level especially in basic chemistry class is essential.  The strategies 
which have been implemented by Morris (2011) and Kavak (2012) can be used especially with 
the more innovative way. In addition, it is suggested for the lecturers of basic chemistry to give 
an attention in this aspect.  

 
CONCLUSSION AND SUGGESTION 
 To sum up everything stated above, the first year chemistry undergraduate students’ 
have difficulties in naming several ionic and covalent simple compounds. Naming ionic 
compounds with polyatomic ions was considered much more difficult for several students. The 
possible reason for this difficulty is how to memorize the special names of several polyatomic 
ions. Meanwhile naming the binary ionic compound that contained metal that formed more than 
one type of positive ion and thus formed more than one type of ionic compound with a given 
anion was considered as the most difficult one. They confused in differentiating whether the 
metal can only forms one cation or that can forms more than one cation even in differentiating 
between ionic compounds and covalent compounds. It meant that the basic chemistry class that 
had been took by the 1st year students did not increase their understanding significantly in 
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naming simple compounds. The implication of this study was that the teaching strategy in Basic 
Chemistry I lecture must be optimized in order to increase students’ understanding on this topic 
well. 
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Abstract 
 

Integration of delivery systems of learning such as model, method and media in 
teaching-learning in this research was called multimodal learning. This research 
investigated the effect of multimodal learning to students’ motivation.  

Multimodal learning in this research was cooperative learning delivered through 
hybrid, a combination between face-to-face and online using learning management 
system (LMS) Edmodo, and completed by some multimedia. Samples of this research 
were students of Grade XI-Science of SMAN 1 Purworejo in the academic year of  
2013/2014. The samples were from two groups, experiment and control. Data of students’ 
motivation from both groups were collected using a questionnaire and analyzed using 
independent sample t-test to study the difference of students’ motivation between the 
groups, and using paired t-test to investigate the improvement of students’ motivation in 
each group. 
 The results showed the improvement of students’ motivation from experiment 
group was higher significantly than that from control one (sig/ p = 0,000). The motivation 
of student from experiment group improved significantly due to multimodal learning 
(sif/p = 0,000), but that from control group did not improved significantly (0,054). 
 
Key words : multimodal, motivation, media 

 
 

INTRODUCTION 
Using the combination of modal and media in the right composition is one of solution 

for teacher in teaching-learning process, especially for difficult subject, such chemistry (Charles 
Fadel, 2008: 14). Chemistry matter consists of facts, concepts, rules, laws, principles, theories, 
and questions (C. Middlecamp and E. Kean, 1985: 9). It pushes teacher to be more creative in 
setting the teaching-learning, so the class will be more interesting and meaningful. It is caused 
each modal and media have their own strengths and limitations. 

Integration of varience teaching strategies is known as multimodal learning (Dominic 
W. Massaro, 2012: 1). In the implementation of multimodal learning, teacher do not only focus 
on a learning media or modal but also use any media that help them and suit for the learning 
matter. Even, teacher also can use any academic online community such Edmodo. 

Everyone can not be separated from technology in this era. Online community is the 
favorite one. The student’s dependence of technology can help teacher to set the teaching–
learning by using academic online community such Edmodo. Edmodo is an online platform that 
mix social media with electronic class management.  

Multimodal learning in this research was cooperative learning delivered through hybrid, 
a combination between face-to-face and online using learning management system (LMS) 
edmodo, and completed by some multimedia. The setting of multimodal learning can improve 
student motivation because the strategy is suited with the matter. Student will be more interesedt 
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when learning condition  does not only focus on a strategy. The increase of the interest will 
improve student motivation. 

This research studied the improvement of students’ motivation from the group that 
implement hybrid multimodal learning compared to that from the group that does not implement 
hybrid multimodal learning and improvement of students’ motivation in each group before and 
after treatment. The advantage of this research to inform hybrid multimodal learning design in 
chemistry and to introduce teacher for long distance learning that can be one of learning 
alternatives. 

 
RESEARCH METHOD 
A. The Research Design 

This research is an experiment research that studied the influence of hybrid multimodal 
learning on chemistry to students’ motivation.  
B. The Research Variable 

There are three variables in this research. They are independent variable, hybrid 
multimodal learning on chemistry and dependent variable, the learning motivation in chemistry 
teaching-learning. 
C. Population And Sample 

The population of research is grade eleventh of science class student of SMAN 1 
Purworejo in 2013/2014 academic year. Samples were chosen by purposive sampling. 
D. Instrumentation and Data Collection 

The instrument that used in this research are lesson plan, questionnaire, and interview 
sheets. The lesson plan was written for two groups seperately, experiment group with lesson 
plan that was designed to implement hybrid multimodal learning and control group whose 
students studied without hybrid multimodal learning. Questionnaire is the instrument to measure 
the improvement of students’ motivation. The questionnaire is given before and after treatment. 
Interview sheets is another instrument to measure the improvement of students’ motivation. The 
interview is used to get  the data of motivation in more detail. All of instrument were measured 
for validity. 
E. Data analysis 

Data were analyzed by SPSS 16.0 to investigate the effect of hybrid multimodal 
learning on students’ motivation. Before the analysis was done, the normality and homogenity 
of data were measured. The hypothesis test consist of two test. They are paired sample t test to 
analyze the improvement of students’ motivation in each groups and independent sample t test 
to analyze the  improvement of students’ motivation between the groups. 

 
RESULT AND DISCUSSION 
A. Result of Data Analysis 

Before the hyphotesis of this research was tested, the data in this research should be 
normal and homogenous. The normality test was done by SPPS 16.0. All data showed the 
significancy more than 0,05. It means that all of data were in normal distribution. The 
homogenity test was done for prior motivation with significancy more than 0,05. It means that 
the population is homogenous. 

Based on independent samples t test, the p value of experiment result is 0,000, less than 
0,005. It means that there is significant difference of students’ motivation from each group, 
experiment and control. Paired samples t test showed the improvement of students’ motivation 
in each group. The test showed that there was significant improvement of students’ motivation 
in experiment class, the p value of experiment results is 0,000. But, that for control class did not 
improve with the p value was 0,054, more than 0,05. 
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B. Design of Learning 
Teaching-learning of experiment group was done for six meeting. Before treatment, 

students was given the questionnaire of motivation. Teaching-learning was always done in 
group because the learning model which is cooperative learning of group investigation type. 
Each group should be heterogeneous. Investigation group was proposed to create the student 
that can well working in group, discussion, sharing, and help each other when solving problems. 

Trianto (2009: 80), cooperative learning of group investigation type is consisted of six 
steps. They are topic selection, procedure explanation, investigation, analytical synthesis, 
presentation, and evaluation. Teaching-learning in experiment group was done for that six steps 
but there are some modification, i.e. combination between face to face and online by Edmodo 
and the startegy when group presentation their investigation result, and evaluation (Fig. 1) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1, The teaching-learning steps in experiment group 
 
In the topic selection, teacher chose a topic and gave it to each groups. The topic was 

informed a week before teaching-learning. Each group was given different topic. Next, first 
group will receive the instructions from teacher, related to the topic and media needed for the 
investigation. This process was done in Edmodo. After getting the instruction, the group can 
start their investigation, analysis, and synthesis of related topic (Fig. 2) 
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Fig. 2. Posting through edmodo in hybrid learning of experiment group 

 
 
Teaching-learning which combine face to face and online learning, with various 

strategies of presentations in this research is one of application of hybrid multimodal learning. 
In online learning, the group also can ask any problems related to the topic. Next steps, 
presentation of group investigation results and evaluation was done in the class by face to face 
learning. They presented their investigation with different strategies, such as demonstration, 
experimentation, or presentation. In this step, questions and discussions among the groups was 
opened. Teacher facilitated the discussion and highlighted the concepts during the discussion. 
Then, the last step was evaluation in which all students concluded overall teaching-learning 
results. In the last step of face to face, teacher informed the topic for next discussion. Teacher 
also gave any quiz through Edmodo and the best answer was given points that will accumulated 
in last meeting (Fig. 3). The best group with the highest points was given rewards. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The answer of students through Edmodo 
 
 
The questionnaire of motivation was given to student in experiment and control group 

in the last meeting. Based on the questionnaire result, hybrid multimodal learning can bring 
democratic learning. It was shown by the fact that  teacher called students as responsible person, 
mature person with well decision, and good person in solving problems. Based on Nana Sudjana 
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(2002: 42), democratic learning improved learning motivation and increased learning 
achievement compared with inflexible teaching-learning. It was also showed by the 
questionnaire of motivation result, the total score of prior motivation is 3298 and the final 
motivation score is 3445 for experiment group. It means that there was big improvement of 
motivation of experiment group. The analytical data also showed for the same result. 

 
C. Learning Media 

Not only investigated delivery startegies, this research alsostudied the use of learning 
media. They were Ebook and Lectora. The media were used to help student to investigate as one 
of alternative learning sources. Ebook is created with Sigl (.lnk) program. Ebook can be played 
by using Reader Program such Ideal Group Reader (Fig. 4). So, student can access anytime by 
using their smart phone that supported with that epub Reader. 

 

Fig. 4. Screen shot of Ideal Group Reader and Ebook  in the Android tablet 
 
Lectora was one application used to develop media in this research by which students 

presented their investigation results (Fig. 5.) 
 

 
 
 
 

  
 
 
 
 
 
 
 

Fig. 5. Lectora appearance 
 
 
Both media had been validated by chemistry teachers that reviewed for the content of 

media and by students from chemistry education of UNY that reviewed for the layout of media. 
 
D. The Effect of Hybrid Learning of Students’ Motivation 

Chemistry learning motivation was measured by using questionnaire. The motivation of 
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students in each group was analyzed by using paired sample t tests, and showed that there was 
significant difference of motivation of students from experiment group before and after 
implementation of hybrid multimodal learning. But in the control group, the motivation of 
students did not increase. The results of interview also showed similar results. Most of students 
in experiment group stated that their motivation improved during the teaching-learning by using 
hybrid multimodal learning.  Based on Dodon Yendri research reslut (2010: 6), teaching-
learning process that combined between face to face and online teaching-learning was one of 
teaching-learning alternatives to reach the optimum teaching-learning objective. The 
independent t test result shows the significant difference of improvement of motivation between 
groups (Fig. 6). 

 

 
Fig. 6. The mean score of students’ motivation from experiment and control groups 

 
Some factors that influence the improvement of students’ motivation are 
1. The cooperative multimodal learning of group investigation based on web can increase the 

student interest and the student’s curiousity (Lori Kupczynski, et. al. : 2012, 82-90). The 
curiousity arise after the student is given the investigation topic in Edmodo. Beside that, 
teacher also give some quizes and if they can solve the problem right and fast, they will get 
more stars/ points. 

2. The cooperative multimodal learning of group investigation based on web give the same 
chances to make a good investigation. Micheal Sankey, Dawn Birc, and Michael Gardiner 
research result (2012 : 852-863) said that student involvement in multimodal learning 
based on web environment give bigger time and chance in understanding the matter than 
face to face learning. 

3. The cooperative multimodal learning of group investigation based on web give the chance 
to show their presentation and explanation ability in front of class (Micheal Sankey, Dawn 
Birc, and Michael Gardiner research result, 2012 : 852-863). 

4. The cooperative multimodal learning of group investigation based on web create individual 
or group fair competition. Fair competition will make condusive learning condition (J. 
Shindler, 2010: 193 – 209). Students seriously study to get the best result, so the 
motivation improves. 

 
CONCLUSION AND SUGGESTION 
A. Conclusion 
1. There was significant difference of  improvement student’s motivation between the group 

that used hybrid multimodal learning and non hybrid multimodal learning. 
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2. There was significant difference of  student’s motivation in group that used hybrid 
multimodal learning. 

3. There was not significant difference of  student’s motivation between the group that used 
non hybrid multimodal learning. 
 

B. Suggestion 
1. For the next research, teacher should inform students about the time of discussion daily.. 

Teacher may manage and schedule the time that are effective for online discussion in 
Edmodo. 

2. For the next research, media should be validated empirically to show how effective that 
media are. 

3. For the next research, media should be more various, innovative, and interesting, , so 
students will be more interested in using them. 
 

REFERENCES 
Charles Fadel. (2008). Multimodal Learning Through Media: What the Reseach Says. 

California: Cisco System Inc, p. 14. 
C. Middlecamp and E. Kean. (1985). Panduan Belajar Kimia Dasar. Jakarta: PT. Gramedia, p. 

9. 
J. Shindler. (2001). Improving Classroom Climate and Student Achievement by Assessing 

Student Participation, Journal of Research in Science Teaching. 28(2): 193-209. 
Dominic W. Massaro. (2012). Multimodal Learning. Encyclopedia of the Sciences of Learning. 

California University, p. 1. 
Lori Kupczynski, et. al. (2012). Cooperative Learning In Distance Learning: A Mixed Method 

Study, International journal of instruction.  5(2): 82-90. 
Michael Sankey, Dawn Birch, and Micheal Gardiner. (2012). Engaging students through 

multimodal learning environments: The journey continues. Proceedings ascilie Sydney. 
p. 852–863. 

 
  



Hesty Parbuntari et.al. / The Use Of …                   ISBN. 978-979-99314-8-1 
 

 
CE-26 

 



  Proceeding of  International Conference On Research, Implementation And Education  
Of Mathematics And Sciences 2014, Yogyakarta State University, 18-20 May 2014   

       

 

 
CE-27 

CE-4 
 

THE USE OF ICT-BASED MEDIA IN WEB-BASED COLLABORATIVE 
ASSISTANCE OF HYBRID LEARNING ON CHEMICAL KINETIC TO 

IMPROVE STUDENTS’ ACADEMIC PERFORMANCE 
 

Jaslin Ikhsan 
 

Department of Chemistry Education, Faculty of Mathematics and Natural Science 
Yogyakarta State University (UNY) 

Karangmalang, Yogyakarta 55281 INDONESIA 
Phone: +6281328608258, email:jikhsan@uny.ac.id,  jaslinikhsan@gmail.com 

 
Abstract 

This research studied the implementation of web-based assistance using 
opened source Learning Management System (LMS), completed by other learning media 
on Chemistry, such as e-book and video at Chemistry Education Department, UNY, and 
its effect to students’ achievement, learning independence and discipline. 

Delivery system of learning Chemical Kinetic was carried out by hybrid 
learning, the. combination between face-to-face and online learning. Online learning was 
provided as enrichment and assistant supports. Not only are students able to join in online 
learning, but also parents are. The samples of this research were students attending the 
lecture of Chemical Kinetics at UNY. Due to the use of web-based assistance, the 
improvement of students’ achievement, and students’ responses towards their learning 
independence and discipline were measured.  

This research showed that Chemistry learning media including video, e-book 
that accompanying the LMS were good in quality based on the review of students and 
Chemistry lecturers of UNY. Students strongly agreed with the advantages of LMS for 
hybrid learning of Chemical Kinetic, and they did not face significant constraint with 
internet connection whether at home or campus. Students strongly agreed that this hybrid 
learning can improve their learning independence and discipline. Whereas, parents 
supported the use of hybrid learning of Chemical Kinetic and stated that they were able to 
accompany and to guide students effectively in learning. Moreover, this research showed 
that by the use of hybrid learning on Chemical Kinetic, students’ cognitive achievement 
increased significantly. 
 
Keywords: ICT,hybrid learning, learning independence, learning discipline; chemical 
kinetic. 

 
 
INTRODUCTION 

The advancement of technology has changed paradigm of communication and 
information. It can affect significantly various sectors of human lives, including education. 
Information and Communication Technology (ICT) in education can enhance the quality of 
education (Cabrol and Severin, 2009) with advanced teaching methods, improved learning 
output and outcomes (Aristovnik, 2012) and enable reform or better management of education 
systems. ICT are presently driving, moving in many cases from print to the variety of media and 
to the virtual environments carried through the web, computer-mediated conferencing, and CD- 
ROM.   

ICT and internet network play an important role in education. It enables to deliver 
efficiently learning resources anywhere at any time without limitation of time and geographic 
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position (Jaslin dan Hafid, 2012). Some well-known universities in Indonesia have launched 
learning methods and delivery systems through internet networks to enlarge access of education. 
They are called distance learning, web-based education, and e-learning. The delivery systems 
basically use internet network. Moreover, some overseas universities implement m-learning and 
ubiquitous-learning, such as in Korea (Park, 2011).  

Due to the fast improvement of ICT role in education, educational entities that do not 
apply ICT for teaching and learning can be left far behind other universities in this global era. 
Therefore, this is very crucial time for lecturers and students in UNY Indonesia to begin to 
optimize internet facilities provided by campus as one of potential learning resources to reach 
educational mission of UNY.  

Indonesian government, via the Ministry of Education and Culture has encouraged all 
educational institutions to integrate ICT into education as stated on the Strategic Plan 2010 – 
2014, and based on the government regulation no. 17/2010 j.o. 66/2010 about Management and 
Organization of Education. The use of multiple mode in learning was based  on the regulation of 
Minister of Education and Culture no. 24/2012 about the Management of Open and Distance 
Learning (ODL) in Higher Education Institutions. Previously, upgrading Indonesian Elementary 
school Teachers Qualification also implemented ICT-based ODL through the program called 
Hybrid Learning for Elementary School Teachers (Hylite), which was based on the regulation of 
Minister of National Education no. 58/2008. All those regulations in general encourage 
Indonesian educational institutions to use ICT in education in order to increase dramatically the 
access of education for Indonesians even for the ones living in boarder and remote areas. ODL 
as an important part in hybrid learning have become increasingly common in higher education 
(Rooney et al., 2006). In 2005, about 62% of the 2- and 4-year higher education institutions 
offered distance education courses (Rooney et al., 2006), up from 56% in 2001 (Waits & 
Greene, 2003). 

The use of internet networks in Indonesia becomes very important for most students. 
It can be seen from the use of online social networks that are very popular amongst the students 
of UNY. Unfortunately, few lecturers and students in the Department of Chemistry Education of 
UNY use the networks for learning purposes whether through official LMS of UNY BeSmart or 
opened sources LMSs. In fact, web-based learning can be implemented easily in UNY due to 
the availability of representative infrastructures such as wi-fi connection and computer 
laboratories. In this point of view, the use of web-based learning assistance and enrichment 
should be conducted in UNY. This is not only to increase the quality of the output, but also to 
effectively use the finance that has been paid for the connection and infrastructures. 

This study is about the implementation of web-based collaborative assistance through 
an opened source LMS edmodo as a hybrid learning model on Chemical Kinetic. There are two 
important terms in this study, e.i. collaborative assistance and hybrid learning. Collaborative 
assistance is online support given to students by other students, and guidance by parents. So 
learning was guided not only by lecturer, but also by parents and peers. The collaborative 
assistance was given to provide more flexible learning in which each student can learn as his/her 
own learning multiple intelligent, style, and speed. While, hybrid learning is the mixture of 
regular face-to-face lecture and online learning using edmodo. Hybrid learning that is also 
known as blended learning by some researchers can affect attitude of students, as reported by 
Yushau (2006). He found that blended learning affected significantly students’ computer and 
mathematics attitudes.  

Edmodo was chosen as the LMS because of its user-friendly and its simple 
performance of fb-like, so that students get used to accessing it. In spite of its simplicity, 
edmodo has reasonable features that are eligible for running and managing lecture. Several 
features of edmodo are (1) planner section facilitating lecture plan, (2) wall to write notes or 
announcements with variously formatted file attachments, (3) poll, (4) assignment to post 
scheduled assignments and to get feedback from students, and (5) quiz to assess students’ 
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competence and achievement. Grouping can also be facilitated by edmodo using smaller group 
feature. All learning processes of students were documented and saved into folder and library, 
and can be easily monitored by students themselves, parents and lecturer.  

Without ignorance of regular face-to-face learning and based on the wide opportunity 
for students to improve their achievement which is assisted through ICT tool, this study focuses 
to examine the improvement of students’ cognitive achievement on Chemical Kinetic and 
students responses toward the use of edmodo, a secure social networking that has not yet widely 
utilized in students environment, dealing with students learning independence and discipline. 

The research was to answer the questions: 
1. How is the iconic model of hybrid learning with the use of multimedia for web-based 

assistance at Chemistry Education Department, UNY ? 
2. What is the advantage and disadvantage of the use of web-based assistance in hybrid 

learning of Chemical Kinetic at Chemistry Education Department, UNY? 
3. Can the use of web-based assistance in hybrid learning of Chemical Kinetic at Chemistry 

Education Department, UNY improve students’ cognitive achievement? 
4. What are the responses of students toward the effect of the use of web-based assistance in 

hybrid learning of Chemical Kinetic to their learning independence and discipline? 
 

RESEARCH METHOD 
Learning design was illustrated by Fig. 1, and was conducted by classroom action. 
 
 

 
Fig. 1. the Design of Hybrid Learning Implementation on Chemical Kinetic at UNY 

 
 
 
 

 
Multimedia were reviewed first both by lecturers as the expert of content, multimedia, 

and instruction, and by students as the users. Eight lecturers and 25 students involved in the 
multimedia reviews. Most lecturers were from the Department of Chemistry Education of UNY, 
and the students were from International group of Chemistry Education Department of UNY. 
Data were collected from the process of 10 cycles of hybrid learning. The data were about 
students’ responses toward the advantage and disadvantage of edmodo for Chemical Kinetic 
lecture, and the effect of hybrid learning using edmodo onto learning independence and 
discipline, besides the quantitative data of pre-test and post-test.  

Data of multimedia reviews were collected using a set of Likert scale questionnaire, 
with 5 options of answers; very dissatisfied, dissatisfied, neutral, satisfied, and very dissatisfied. 
The data were analyzed descriptively to determine the quality of multimedia. Multimedia can be 
used as the enrichment materials and independent learning resources when both lecturers and 
students feel satisfied with the multimedia. 

Pre- and post-students’ achievement were measured by use of sets of test instruments. 
The data were then analyzed using Wilcoxon Signed Ranks test of SPSS to know the 
improvement of students due to the use of ICT-based media in web-based collaborative 
assistance of hybrid learning. Three students did not join to the pre-test, so only 22 cases were 
for students’ achievement.  

 While the data about responses of students were also collected by Likert scale 
questionnaire with five agreements for positive statements that were applied as strongly 

X   O    v   X    O    v   X   O  v   X   O S IE 

X : face-to-face learning in class 

O :Mediated learning/ online discussion using media throughedmodo or web conferencing tools 

V : Online assignment through edmodo 
IE: Impact Evaluation 
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disagree = 1, disagree = 2, not sure = 3, agree = 4, and strongly agree = 5, and so gathered 
qualitative data from Likert scale were converted to become quantitative data, which were then 
analyzed and reconverted into five categories to conclude students’ response (Table 1) as 
described by Eko (2009). 

Table 1.Determination of response category 

Range Mean of Response 

Xi +1,8 SBi<�� Strongly Agree  (SA) 

Xi + 0,6 SBi<�� ≤ Xi+1,8 Sbi Agree (A) 

Xi - 0,6 SBi<�� ≤ Xi + 0,6 Sbi Doubt (NS) 
Xi - 1,8 SBi<�� ≤ Xi - 0,6 Sbi Disagree (DA) 

�� ≤ Xi - 1,8 SBi Strongly Disagree (SDA) 
Where: 
��  : mean 
Xi  : ideal mean = ½ x (biggest score + least score)  
SBi  : ideal deviation standard = 1/6 x (biggest score - least score) 
 
RESULT AND DISCUSSION 

There are three main components on the development of instructional design. They are 
the contents, interactivity, and delivery system as illustrated on Fig. 2. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Main components on development of instructional design 
 
Learning materials whether in the format of multimedia or other digital resources must 

be valid. Therefore, the media were validated first before being used. The multimedia as 
resources of learning developed in this research were in the formats of mobile based digital e-
book (epub) and video.  Each of e-pub and video file were validated by 6 Chemistry lecturers. 
The validation aspects included multimedia and contents. Multimedia reviews were also 
conducted by 2 lecturers from outside of Chemistry department, in this case they are two 
lecturers from Mathematics and Physics departments. 

Delivery system was defined as the system to deliver learning object materials, on 
which hybrid learning was chosen. Hybrid learning is the mixture of face-to-face and online 
using LMS edmodo, in which the proportion of face-to-face and online learning was 1 to 1 as 
illustrated on Fig. 1. 

Interactivity was facilitated by cooperative learning model through online with 
edmodo and face-to-face. The online interactivity was also supported by chatting, web 
conferencing using Skype or BigBlueButton (demo.bigbluebutton.org). Main constraints 
implementing web conferencing were limited bandwidth to which students cannot access well 
the conferences.  

 

LEARNING MATERIALS/ 
CONTENTS 

DELIVERY SYSTEM INTERACTIVITY 

• Doc, pdf 
• Audio-Video 
• E-pub 

• Hybrid Learning: face to face and Online 

• Online: Edmodo, skype, BBB, tweet, fb.  

Online Cooperative 

learning 
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Multimedia Reviews by Lecturers 
Videos whose duration was about 15 minutes and e-pub (android-based digital book) 

were reviewed by lecturers. The results of reviews were given by Fig. 3. Based on lecturer 
reviews both videos and e-pub in general were satisfying to be used as independent learning 
media and resources. 

 
 

Fig. 3.  Lecturers Reviews for Videos and e-pub  
 

Students’ Responses to the Multimedia 
Responses of students toward the multimedia were also very positive. More than 60% 

of students stated that video and e-pub on Chemical Kinetic were satisfying and had very good 
quality (Fig. 4). As the reviews by lecturers, the responses of students were also on multimedia 
and contents aspects. 

 
Fig. 4. Students’ Responses toward the videos and e-pub 

 
Students’ Responses to the LMS edmodo and Hybrid Learning 

Data of students’ responses toward the advantage of edmodo as an LMS for hybrid 
learning on Chemical Kinetic, and toward learning independence and discipline are depicted on 
following Fig. 5. 
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Fig. 5. Percentage of students’ responses  
 
Students’ Responses to the Advantage and Disadvantages of edmodo as an LMS for 
Hybrid Learning 

Since LMS edmodo was not widely used in the Faculty of Mathematics and Science of 
UNY, its advantage as a right LMS should be reviewed. Determination of response category 
using equations in Table 1 for the advantage of edmodo shows that students’ responses were 
very positive. They strongly agreed with the use of edmodo as an LMS for hybrid learning on 
Chemical Kinetic because edmodo had some advantages. As reported previously (Warschauer 
1996) that students can take much advantages from the use of IT for learning. ICT also enables 
to sharpen students’ critical thinking and deepen students’ understanding. The integration of ICT 
into learning in a class becomes very crucial because ICT in learning can be media of 
collaboration, communication and publication and be useful as learning resources. ICT can 
facilitate collaborative learning in which students build their own concepts and share 
experiences (Chou and Chen, 2008). 

Advantage of edmodo to which students gave responses included the features, 
security, types of learning materials included, lecture plan, evaluation and feedback, and parent 
joining. Most students strongly agreed (52%) and agreed (48%) that edmodo was user-friendly 
like Facebook. Since most students in Indonesia got used to accessing Facebook as reported by 
Donny (2012) that Indonesia had 40.6 million Facebook users, the use of edmodo as an LMS 
would be familiar and easy for students. Based on the response, students strongly agreed (40%) 
and agreed (60%) that edmodo was suitable to be a good LMS because it provided learning 
functions as described by Berking and Gallagher (2010) that general functions normally 
provided by LMS were structure, security, registration, delivery, interaction, assessment, 
tracking, reporting, record keeping, facilitating reuse, personalization, integration, and 
administration. 

Security was also facilitated by edmodo because only students and parents given 
access code by lecturer can join. When all students and respective parents joined the group, the 
class can be closed by locking the group code. Stranger joining the group can be removed and 
the code should be reset. Based on the fact, most students (64%) agreed that only registered 
students can join the class and edmodo was very secure for learning. 

The materials available in edmodo were kept in library, and can be downloaded and 
accessed at any time. Various formats of the materials can be stored, such as video, power point, 
exel, MS word, and pdf files that result in easiness of lecturer and students to upload and 
download the materials of learning. As stated by Berking and Gallagher (2010) that integration 
should be the function that provided by an LMS. Learning materials uploaded to edmodo were 
very useful as enrichment materials for students. Since the access can be done anywhere at any 
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time, the use of materials can be also very flexible. 
The availability of Planner on edmodo provides the easiness of students to check the 

schedule of next learning session that enable students to prepare better. Therefore, students 
responded that they know lecture plan of learning. Better planning in learning would result in 
better achievement of students. Related to evaluation and feedback, students can have better 
reflection from feedback given by lecturer toward assignment answer.  Students could also ask 
freely to lecturer and check trends of his/her achievement from all remarks given by lecturer.  

Edmodo facilitated parents to join the class. Students reviewed that parents 
participation was very positive aspect for their learning. Therefore, students strongly agreed 
(36%) and agreed (44%) and expected that their parents could join and attend the Class, even 
though not all parents finally can actively attend the class due to some constraints. Only five of 
parents joined to online class. All of them supported the use of edmodo as online assistance for 
students because they can check students’ participation and scores from the assignments and 
examinations. Unfortunately, most parents did not actively participate in the class. It can be said 
that only once on average they logged in by use their own account, the others they just looked at 
when students logged in. 

Students’ responses toward the disadvantages of the use of edmodo were very weak. 
Based on the analysis as listed in Table 1, students disagreed that the use of edmodo was 
difficult and that edmodo was not useful for Chemical Kinetic learning. Accessing edmodo was 
fun, easy with limited constraints from the point of view of internet infrastructure, the features 
of edmodo, and parent participation. Students stated that they did not face difficulties to access 
internet because more than 70% of them had internet access at home. Meanwhile, at campus 
they had 24-hour-internet-coverage a day. As reported by Donny (2012) from ICT Watch 
Indonesia that Indonesia has 150 Internet Service Provider (ISP), 35 Network Access Provider 
(NAP), and 5 broadband 3G operator. To interconnect the data traffic within ISPs in Indonesia, 
there are about 10 nodes of Indonesian Internet eXchange (IIX) managed APJII (Indonesian ISP 
Association, APJII.or.id). Donny (2012) also stated that from population of Indonesia about 240 
million people, now has 55 million Internet users, not including 33 million Internet mobile users 
who use a smartphone, tablet or modem dongle. There are at least 100 million active mobile 
numbers used for broadband/ 3G data access. For social media, Indonesia has 29.4 million users 
of Twitter. This figure puts Indonesia as the most active twitter country in the world, and Jakarta 
is the most active twitter city in the world. Indonesia also has 40.6 million Facebook users and 
about 3.3 million bloggers, with 33 local blogger communities.  

Based on the fact, it can be concluded that ICT infrastructure in Indonesia, especially 
in some big cities, like Yogyakarta, was relatively sophisticated either in quantity or quality to 
support internet or web-based learning or hybrid learning. Some Indonesian communities also 
got used to using social networks. Consequently, edmodo which was also called facebook for 
education was not be hard to be used as an LMS in UNY. Therefore, lecturing and learning with 
assistance of internet connection and edmodo was easily conducted. 

Since most students are in native ICT ages and at digital era, they were quite 
challenged and happy to use ICT as media of learning; 88% of them stated so. However, few of 
them stated that uploading the answer of assignment through edmodo took a long time as shown 
by the number of respondents, 12% agreed and 20% were not sure. The easiness on assignment 
download and upload provided convenience of learning that could be efficient and enhance 
students learning achievement. Based on the responses, 20% of students stated that most parents 
could not join to the lecture because of IT skill constraint despite edmodo facilitated parents 
participation on learning.  

Students also stated in opened statement that negative effect on the use of edmodo in 
this case was cheating amongst some students by copying friend’s answers to fulfill 
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assignments. Lecturer can avoid this by comparing documents of students answer, but 
unfortunately, it took a long time and attention. 
Students’ Responses to the Effect of Collaborative Hybrid Learning to Students’ Learning 
Independence and Discipline 

After face-to-face lecture, students were given assignments through edmodo, and this 
is so called one cycle of hybrid learning. In this point of view, students may spend more time for 
learning and follow the regulation of credit semester principles that students need structural and 
independent assignments besides face-to-face lecture on each credit of subject matter. All 
activities on edmodo were recorded safely and can be downloaded. By edmodo, teacher can 
manage learning very well, including planning, lecturing, and assessing that affected students 
learning independence and discipline. Based on the analysis as was in the Table 1 and was 
depicted in Fig. 8, students strongly agreed  (20.73% of 25 students strongly agreed and 56.36% 
agreed) that collaborative hybrid learning using edmodo could affect students’ learning 
independence. They also agreed (16% of them strongly agreed and 52% agreed) that those could 
affect their learning discipline.  

Edmodo enabled students to share freely their knowledge and had discussion via 
online connection. By online discussion students were able to learn with different speed. It also 
facilitated students to express their arguments via written reports, and that were very good for 
the ones who did not prefer to express arguments by oral discussion. Therefore, such written 
discussion provided high flexibility of learning for students. Online discussion on edmodo was 
always under supervision of lecturer, because the discussion was always on lecturer wall and 
edmodo did not provide direct post from one student to another. Final result of discussion was 
then shared in a face-to-face presentation session.  

So after long discussion for the assignment through edmodo, representative of the 
group had strong confidence to present group discussion results. It was quite amazing because 
the tough constraints in Indonesian education is the eagerness of students to express their 
arguments or ideas in discussion, and this is a kind of bad learning culture in general. Through 
written discussion on edmodo, however, students even braved to ask or remind lecturer from 
mistaken based on their prior knowledge. As reported by Bowker (2010) in his questions-
centered pedagogy that the brave of questioning was very important and positive in learning 
because the questions themselves were the answers, that could improve the quality of learning. 

Edmodo facilitated collaborative learning because discussion through edmodo could 
be knowledge sharing amongst the students. Better students shared their ideas and knowledge to 
the others, conversely weak students can raise questions for discussion and solution. Positive 
interdependence, interaction, social and leadership skills, and trust building were developed 
through this learning. The collaborative become stronger because learning can be observed and 
guided by parents. Parents could act as observers who were thoughtful care and responsible for 
the success of learning. Collaborative discussion amongst the students was mainly about the 
materials of learning, but parents were more likely to collaborate on technical, administrative 
and psychological aspects. 

Edmodo provided high learning flexibility because Planner on edmodo told students 
about next week activities. As consequences, students can read and prepare well, download 
materials, and search relevant topics making students had better preparation for next face-to-
face lecture. Learning flexibility could also enhance learning independence (Lin, 2008). 
The Effect of Collaborative Hybrid Learning to students’ achievement 

Some researchers defined hybrid learning were the same as blended learning. It is 
learning with the mixture between face-to-face and computer-mediated online learning 
(Buzzetto-More and Sweat-Guy, 2006). There is no exact commitment of the definition of 
hybrid learning yet, and it is still on discussion. Partridge (2011) highlighted the definition of 
hybrid learning as follows: 
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 A learning program in which more than one delivery modes are used, with the objectives of 
optimizing learning outcome and cost. 

 A combination learning model of web-based technology 
 A combination learning approach of constructivism, behaviourism, and cognitivism 
 A combination of various instructional technology with face-to-face 

The proportion of face-to-face and online component in the combination was very 
various, and has yet to be implemented with obvious learning regulation. It depended on the 
characteristics of subjects and lots of condition as reported by Ranganathan et al. (2007), who 
implemented hybrid learning on six universities in USA. Hybrid learning of Hylite program to 
upgrade qualification of Indonesian elementary school teachers in 2007–2010, used the 
proportion of ICT based online learning component with the range of 30-79%, while allowing 
30% of delivery to be face-to-face (Paulina et al., 2007). The proportion of web-based learning 
in Hybrid learning of Chemical Kinetic in this research was about 50%. After face-to-face 
lecture, students were given assignments or discussion topic that was supposed to discuss via 
online through edmodo.  

Hybrid learning was very effective and efficient by which students can have better 
understanding. The more frequency to access hybrid learning, the higher of the understanding is. 
Students can also be challenged to meet their learning progress. As reported by Echo (2011) that 
most students prefer to have extra hybrid learning after having experiences of learning with 
hybrid.  

Collaborative learning is an umbrella term of a variety of learning approaches 
requiring intellectual efforts by group of students, or between lecturer and students together. In 
collaborative learning, students usually work in a 3 or 4-member-group (Gokhale, 1995), who 
collaborate mutually to understand learning materials or to develop a product. The activities of 
students in their group of collaborative are various, but the core of collaborative learning is 
students centered learning in which students build their own concepts, but is not solely 
knowledge transferred from lecturer or listening or note-taking enforcing students to be very 
passive. Giving talks methods of teaching when delivering learning materials should not appear 
in collaborative learning. Lecturer should act as a professional instructional facilitator, 
motivator, and designer. 

The characteristics of collaborative learning are (Felder and Brent, 2007): 
 Positive interdependence: group members should rely on one another to meet the group goal 
 Individual accountability: each student in a group must share the work for the materials of 

learning 
 Face-to-face interaction: working group must facilitate face-to-face interaction so each 

student can contribute on feedback for the others and have discussion to encourage each 
other. 

 Appropriate use of collaborative skills: students can build their social skill such as 
leadership, trust-building, conflict management etc. through collaborative works. 

 Group processing: group members should commit to group goal, access the progress, and 
make sure that they can reach the goal. 

The data analysis using Wilcoxon Signed Rank test showed that web-based 
collaborative assistance through edmodo can increase students’ academic achievement (p: 
0.042). This is in line with the statement of Yatim Riyanto (2010) that cooperative learning is 
learning model to improve both students’ academic skill and social skill. Agus dan Andi (2010) 
reported their research that test score obtained in cooperative learning was much better than the 
score achieved by the best student in that group who learnt in regular individual learning. A 
research on the use of cooperative learning on Biology of secondary school students in Kenya 
reported the same results (Muraya et. al., 2011). Even, cooperative learning was good for 
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students with disabilities. They could get better academic achievement when they learnt by 
cooperative learning that incorporate individual accountability and groups rewards (McMaster 
and Fuchs, 2002).  
 
CONCLUSION AND SUGGESTION 
Based on the responses of students, it can be concluded that: 
 The model of hybrid learning with the use media in web-based learning was initiated by 

giving 50% proportion of online learning, and the media that were developed were 
satisfying. Therefore, the media were suitable for independent learning resource and 
enrichment materials in the web-based assistance.  

 Edmodo was very good with several advantages and lack of disadvantages to be used as an 
opened source LMS on web-based assistance in hybrid learning of Chemical Kinetic in 
UNY Yogyakarta Indonesia. 

 The use of web-based assistance in hybrid learning of Chemical Kinetic at Chemistry 
Education Department, UNY can improve significantly students’ cognitive achievement. 

 Students strongly agreed the use of web-based assistance in hybrid learning of Chemical 
Kinetic can improve students’ learning independence and discipline? 

From the results, it may be good ideas to initiate the use of hybrid learning for studies in 
universities in Indonesia due to the availability and advancement of internet connection in 
higher education institutions in Indonesia. The proportion and design of hybrid learning may be 
extended as the characteristics of the topic of discussions. 
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Abstract 
 

Paper reports the study of designing and developing Colloid’s online learning using 
Moodle version 2.5.3 at Secondary Schools, Jakarta. Design and 
developmentalresearchmethodology are conducted based on Richey and Klein model. 
Developmental process consists of several steps: (1) identyfying problems;(2) design and 
development research methodology;(3) participant selecting;(4) collecting data;(5) 
interpreting data; and (6) future development. Participants of the study are (1) researchers 
as designers, developers, and instructors; (2) teachers as instructors; (3) the experts as 
evaluators; and (4) students as learners. Data collection implemented several instruments, 
such as: (1) instrument of needs analysis; (2) feasibility test instruments, and (3) trial tests 
instruments. The results show the use of computers and internet is limited for searching 
references and learning materials. The online learning in Chemistry subjects in schools is 
not yet available. Teachers have not been able to create the online learning materials. On 
feasibility and trial test, the results show good performance on subject matter, clarity of 
information, and design.Therefore, the online learning can be implemented in chemistry 
learning. 

 
Keyword: Design and Development Research, Online Learning, Moodle version 2.5.3, 
Colloid 

 
 
A. Introduction 

Internet is one of the application of information communication and technology (ICT) 
which is currently being developed rapidly. The report of MarkPlus Insight (2013) show that 
Internet users in Indonesia increase from 24.2 million people in 2012 to 31.7 million in 2013. 
Utilization of ICT for education in Indonesia based on the Regulation of the Minister of 
National Education Number 22 of 2006 and Regulation of the Minister of National Education 
Number 41 of 2007 which is said  the curriculum should encourage students for using ICT to 
find information about the material (Kemdiknas, 2006), (Kemdiknas, 2007). So, internet can be 
used as a media to develop online learning. 

The needs analysis have been done at 81 Senior High School Jakarta, 54 Senior High 
School Jakarta, and 2 Senior High School Jakarta. The results of the needs analysis show that 73 
students grade XII and 7 chemistry teachers have used the internet and computers. It is the fact 
that 90.4% students and 100% teachers use Internet more than two times a week. 79.5% 
students and 66.7% teachers use computer more than twice a week. All students and teachers 
state that the schoolshaven’t got any chemistry online learning system. 

Online learning can be accessed through mobile phones, smartphones, and tablet PC.  It 
allows students to access the learning materials independently and repeatedly. However students 
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may understand better and make them more active to find out information about the subject 
matter. The result of Yehudit and Miri’s research (2003) said that learning by website can 
improve student learning outcomes and show high progress in understanding chemistry. 

Online learning can be developed by one of the application of LMS (Learning Management 
System), Moodle, which is open source. Moodle has more advantages than other LMS. The 
features which are built based on the concept of pedagogy and technology (Tambovceva& Artis, 
2013). Moodle version 2.5.3  is more stable and more compatible with the new features than old 
Moodle version. 

Colloid contains a lot of applications in daily life, so it will be easier for learning if the 
material is presented in form of visualization and interactive. Website which is developed by 
Moodle version 2.5.3 can support visualization and interactive because it combines text, images, 
and videos which will be presented interestingly. Websites which have good quality visual can 
motivate students to learn chemistry (Margareta & Rahela, 2007). 
Based on the above which describes about the use of internet and computers, the results of the 
needs analysis of students and teachers, the advantages of online learning, the advantages of 
Moodle version 2.5.3, and the characteristics of colloidal material, the research will develop an 
online learning based on Moodle version 2.5.3 for high school students grade XI at 81 Senior 
High School Jakarta. It is expected to increase students's understanding and interest to learn 
Colloid. 

 
B. Research Methodology 

The research methodology which is use is design and development research refers to 
Richey and Klein. The steps of research consist of: 1) Identyfying Problem, 2) Design and 
Development Research, 3) Selecting Participant, 4) Collecting Data, 5) Intepreting Data, and 
6)Future Development (Richey &Klein, 2007). The aim of research is to design and develop 
Colloid’s online learning  based on Moodle version 2.5.3. 

 
C. Result and Discussion 
1. Identyfying Problem  

The aim of this step is to identify problems in chemistry learning system that has been doing 
in schools by distributing questionnaires to students and teachers. The result are all of students 
often usecomputer or laptop and 79.5% of students use them more than twice a week. All 
students are familiar with internet and 90.4% of them use it more than twice a week. Most of 
them access internet via computers, laptops, mobile phones, and smartphones. Internet is 
accessed at home, school, and other places that have internet facilities. They access internet for 
several purposes, including searching for information, doing homework, interacting in social 
media, watching video, and browsing learning materials. 

Whole teachers ever use a computer or laptop and 66.7% of them use it more than twice a 
week. They know the internet and use it more than twice a week. Internet is used to find 
information, browse learning materials and chemistry reference, enter evaluation score, open 
email, and interact in social media. Websites that are used to search chemical reference are 
Royal Society of Chemistry, Chem-is-try.org, Wikipedia, and Cambridge Area Guide. Teachers 
use internet via smartphones, mobile phones, computers, and laptops. 

The result identifies the usage of computers and the internet has been growing rapidly 
among students and teachers. Using computers and Internet is limited for searching reference 
and learning materials. Chemistry online learning system subject is not available. Teachers isn’t 
able to create an online learning. 

 
2. Design and Development Research  

The type of design and development research is product development. The steps consists of 
a needs analysis, product planning, and product arranging.The need analysis step identifies 
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content and background of learning online. The result show thatthe teachers and the students are 
desired attractive appearance with bright colors, using language which is understood easily, 
present material clearly, present applications, and video. 

Step of product arranging is made via online, the website address is 
http://elearningchemistry.com. It is started by analysis characteristics of material, plan design, 
content, and presentation technique of online learning, and select supporting software. Software 
which is used are Moodle 2.5.3 are supported Microsoft Word, Photoscape, Adobe Photoshop, 
and Corel Video Studio Pro X6. They are used to create quizzes, pictures and video. 
 

 
Figure 1. Home Display 

 
There are three parts which are presented in website, Home (front view), Login Page, and 

Course (learning activity). Course consist three sections, system and the properties of colloids, 
making colloid, and chemoenterpreneurship. The features in each section are introduction, 
subject matter (pdf), video, forum, chat, games, and quiz. 

 
 

 
    Figure 2. Course Display 

 
3. Selecting Participant  

Selecting participants refers to the type of product design and development, there are: a) 
Researchers as designers, developers, and instructors, b)Teachers as instructors, c) Experts 
media, materials, and language as evaluators, d) Students as learners. 
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4. Collecting data  
The step of collecting data is used several instruments, there are needs analysis instruments, 

feasibility instrument, and trial test instrument. Needs analysis to determine the condition of 
learning chemistry in school and online learning content and display are desired by students and 
teachers. Feasibility test instrument to evaluate the feasibility of online learning. Trial test 
instrument to determine the opinion of students and teachers of chemistry online learning has 
been developed. The trial test is conducted to 20 students of class XII at 81 Secondary School 
Jakarta and 4 Chemistry teacher. 

The results of feasiblity test and trial test are processed by rating scale score of 1 to 4. In 
addition, inter-rater reliability test is to determine the inter-rater consistency in evaluating 
learning online using  ICC (intraclass correlation coefficient) test (Djaali & Pudji, 2008). In the 
following below is a feasibility test and trial test data to students and teachers. 

 
a. Feasibility Test  

1) Material Experts 
 

Table 1. Intepretation Data of Feasibility Test by Material Experts 
 

No Indicator Step 1 Interpretation Step 2 Interpretation 

a 
Conformity of material 
description  to the 
curriculum 

95,7% excellent 95,7% excellent 

b Accuracy of material 90,3% good 94,3% excellent 
c Quiz and games 90,0% good 97,5% excellent 

d 
Conformity of the material 
with the development of 
science and everyday life 

90,0% good 93,3% excellent 

e Clarity of material 89,2% good 89,2% good 
f. Presentation techniques 82,1% good 84,2% good 

 
 
 

 
 
 
 
 

 
 
 
 
 
 

Figure 3. Percentage Data of Feasibility Test by Material Experts  
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2) Media Experts 
 
Table 2. Intepretation Data of Feasibility Test by Media Experts 
 

No Indicator Step 1 Interpretation Step 2 Interpretation 

a Navigation key 74,2% good 83,8% good 

b Design view 73,5% good 83,5% good 
c Use of letters 71,7% good 83,8% good 
d Use of images and 

video 
74,3% good 80,7% good 

 
 

 
Figure 4. Data Percentage of Feasibility Test by Media Experts  

 
 

3) Language Experts 
 
Table 3. Intepretation Data of Feasibility Test by Language Experts 
 

No Indicator Step 1 Interpretation Step 2 Interpretation 

a Accordance to the 
developmental level of 
students 

85,8 good 87,1% good 

b Communicative 89,2 good 89,2% good 
c Use of letters and 

punctuation correctly 
83,2 good 87,7% good 

d Use of the term 
correctly 

86,7 good 86,7% good 

e Use of the sentences 
correctly 

81,3 good 85,0% good 

f. The precision of 
writing a bibliography 
and source image 

76,3 good 88,8% good 

h Wholeness and unity of 
ideas 

87,5 good 87,5% good 
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Figure 5. Percentage Data of Feasibility Test by Language Experts 

 
b. Trial Test 

1) Students 
 

Table 4. Intepretation Data of Trial Test for Students 
 

No Indikator ∑ ∑max % Interpretation 

1 Clarity of information on 
teaching materials 

29 32 90,6% good 

2 Compliance with the 
curriculum 

31 32 96,9% excellent 

3 Quiz 15 16 93,8% excellent 
4 Use of language 15 16 93,8% excellent 

5 Design view 27 32 84,4% excellent 

6 Use of letter 45 48 93,8% excellent 

7 Image, animation and 
video 

58 64 90,6% excellent 

8 Navigation key 13 16 81,3% good 
9 Websiteas supportonline 

learning 
14 16 87,5% good 

 
2) Teachers 

Table 5. Data Intepretation of Trial Test To Teachers 

No Indicator ∑ ∑max % Interpretation 

1 Clarity of information on 
teaching materials 

29 32 90,6% good 

2 Compliance with the 
curriculum 

31 32 96,9% excellent 

3 Quiz 15 16 93,8% excellent 

4 Use of language 15 16 93,8% excellent 

5 Design view 27 32 84,4% excellent 

6 Use of letter 45 48 93,8% excellent 
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7 Image, animation and 
video 

58 64 90,6% excellent 

8 Navigation key 13 16 81,3% good 
9 Websiteas supportonline 

learning 
14 16 87,5% good 

 
5. Intepreting Data  
a. The results of feasibility test by material experts 

Based on table 1 and figure 1, all indicators have good and excellent intepretation 
although there is a different range of values and an enhanchement from step 1 to2. Some 
improvement whichare recommended by material, there are: "colloidal particles of Fe(OH)3 
positive charged in water.The surface will adsorb Fe3 +, which is supposed to adsorb H+ and 
"water purification with water treatment plant should be replaced by natural materialsuch 
asmoringa seeds ". 

Value of inter-rater reliability is 0.63, means good rater consistency. Based on the 
results of feasibility test and inter-rater reliability show materials are well developed, so it 
can be tested to students and teachers. 

b. The results of feasibility test by material experts 
Based on table 2 and figure 2, found that indicators navigation, display design, the 

usage of letters, images and video show good interpretation increase percentage from step 1 
to2. Some corrections whichare recommended by media experts, the letters on section title 
should use upright font and videos that are presented should be equipped with explanation. 

Value of inter-rater reliability is 0.64, it means good rater consistency. Based on the 
results of feasibility test and inter-rater reliability show media is well developed, then it can 
be tested to students and teachers. 

c. The results of feasibility test by language experts 
Based on table 3 and figure 3, it is found that communicative indicators, accuracy of 

glosssary, integrity and unity of ideas show same percentage of step 1 to 2, and have  good 
interpretation. Other indicators, level of student progress, the accuracy of using letters, 
punctuations, glossary, sentences, bibliography, and source of images show increase 
percentage from step 1 to 2, and have good interpretation. Some improvement which 
isrecommended by language experts, there are some written spelling and punctuation which 
are not based on EYD (Ejaan Yang Disempurnakan), the usage of active and passive 
sentences which is not suitable should be repaired. 

Value of inter-rater reliability is 0.65, it means good rater consistency. Based on the 
results of feasibility test and inter-rater reliability show good language. Then it can be tested 
to students and teachers. 

d. The results of trial test to students and teachers 
Trial test to students is conducted by researchers who are presented an online learning 

system and explained using website. Then the students scheduled to access website directly, 
and to do online learning activities such as reading material in PDF format, seeing the 
video, trying to express opinions through forum or chat, doing quiz and so on. After that, 
students filled out a questionnaire which was given by researchers to assess and give 
comments or suggestions regarding the online learning system. 

Based on table 4, the indicators of clarity information on teaching materials, navigation 
buttons, and website as a supporter online learning have good interpretation. Meanwhile the 
indicator suitability material with standard of competence, basic competences, the 
indicators, questions on quiz/game, usage of language, interface design, and the usage of 
letters, pictures, animations, and videos show excellent interpretation. There are some 
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corrections recommended by teachers, shadows on some images should be removed in 
order to they can be seen clearly and the rules of some standardization written questions on 
multiple choice quiz should be suitable. 

Then the results of trial test to students (table 5) show good interpretation on all 
indicators. However, there are some improvementwhich is suggested by students, such as 
font size on homezoomed, the background color should be colored brighter, and speed of 
loading time is accelerated, in order students do not have to wait to open the website. 

Based on the test results to students and teachers that have been outlined above so it can 
be concluded based online learning system Moodle 2.5.3 version that is good and fit to used 
for supplement the learning materials Colloids. 

6. Future Development  
After developing online learning based on Moodle version 2.5.3, it can test the 

effectiveness of online learning based on Moodle version 2.5.3 and development of online 
learning based on Moodle version 2.5.3 for other chemical materials. 
 

D. Conclusion 
Using internet and computers that is more increasing among teachers and students has not 

been supported by the presence of chemistry online learning in school. Therefore, researchers 
develop an online learning based on the needs analysis and characteristics of colloid which is 
using Moodle version 2.5.3. 

Based on feasibilty test by media, materials, and language experts has shown good and 
excellent intepretation. The results of inter-rater reliability and the trial test for students and 
teachers haveshown good and excellent interpretation. It can be concluded online learning 
system based on Moodle version 2.5.3 is good and feasible to complete learning Colloid. 
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ABSTRACT 
 

Organic Chemistry lecture had been held in the classroom meeting and 
laboratory experiment activity. Many topic were conducted experiment in laboratory 
activity representatively, such as the alcohol phenols, carboxylic acids, aldehydes  
ketones as well as other topics. Especially on poly functional compounds are not specific 
experiment title. Therefore the learning process of polyfunctional compound needs to be 
improved. The aims of this study to describe the implementation of Jigsaw Cooperative 
Learning Model in order to enhancing the learning process of Organic Chemistry 2 
lecture on polyfunctional compounds topic. It used multi learning resources during the 
lecture.  The study design used one shot case study post-test only design. Methods of data 
collection used observation, interview, and test methods. Data analysis used descriptive 
quantitative and qualitative. The study result shown that: The implementation of  Jigsaw 
cooperative learning Model of all components of the average of the 3 observers get a 
score of 3.49 in good categories;  almost all stages of Jigsaw Cooperative  learning get 
score between 3.33 to 4.00 on good and very good category, except the award given 
syntax obtain an average score of 2.33 in  quite well category; learning resources and 
media usage get score between 3.66 to 4.00 on very good category. The student  learning 
outcome in polyfunctional compound topic  with the details value of A- to A 12.9 % ;  B- 
to B+  77.9%;  and C+ 7.4% on mastery learning category; as well as D 1,8% and E 0% on 
not mastery learning category. The students response about this learning, they interest on 
the matter 9.1%; learning process 66.7%; and learning resources 21.2%.  

 
Keywords : polyfunctional compound , Jigsaw cooperative learning, multi learning 
resources. 

 
 
INTRODUCTION 

Organic chemistry is one of the compulsory subjects that must be taken for chemistry 
students and chemistry education students of chemistry department in Faculty of Mathematic 
and Natural Sciences Surabaya State University.  The course consists of Organic chemistry I (2 
credits), Organic chemistry II (3 credits), Organic Chemistry III (3 credits) and Organic 
Chemistry IV (2 credits) [1].  Organic Chemistry is one of the most important courses for 
second year undergraduate students majoring in chemistry especially Organic Chemistry 2 was 
hold on odd semester for student chemistry program study and even semester for student of 
education chemistry program study. In our teaching and learning process, the most commonly 
used teaching methods include lectures in classroom and doing experiment in laboratory. There 
are many topics in Organic chemistry 2 course. Course description are discussing about 
structure physical and chemical characteristics, as well as it synthesize, consists of alcohol 
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compound; phenol;  eter; aldehyde; keton;  carboxylic acid and it derivates;  amine; and 
polyfunctional  compound. These topics were studied by learning activity in the class and doing 
experiment in the laboratory. The titles of the experiments represent the topics in course except 
polyfunctional topic there is no experiment title representatively. So the learning process of this 
topic needs more interesting and makes students more active. Student activity in ordinary 
learning process is not high. It’s indicated when the lecturer gives question to the students; 
almost all of them were not give response until the third question. There are less than 10% only 
of students give answer, or 3 students from 54 students. This condition is very passive class.  

There are many learning models had been develop to improve learning process, like 
cooperative learning, direct instruction, problem based learning, and others. The models can 
applied on many subject, or topic according to characteristic of them.  In chemistry subject, we 
can apply one of the models, especially for polyfunctional compound topics. The polyfunctional 
compound  topic in this course divided   into 7 sub topics mainly dicarboxylic acid;  double 
functional  ester; hydroxyl acid;  phenolic acid;   keto acid;  dicarbonyl compound; and diene 
compound[2]. The discuss about structure, characteristics, and specific basic reaction for each 
compound. Based on the characteristics there are many sub topics, the learning process can 
conduct by using cooperative learning model especially Jigsaw type.  

The Jigsaw method is a cooperative learning technique in which students work in small 
groups. Jigsaw can  be used in a variety of ways for a variety of goals, but it is primarily used 
for the acquisition and presentation of new material, review, or informed debate. In this method, 
each group member is assigned to become an "expert" on some aspect of a unit of study. After 
reading about their area of expertise, the experts from different groups meet to discuss their 
topic, and then return to their groups and take turns teaching their topics to their group mates. 
One of the benefits of the jigsaw process encourages listening, engagement, and empathy by 
giving each member of the group an essential part to play in the academic activity. Group 
members must work together as a team to accomplish a common goal; each person depends on 
all the others. No student can succeed completely unless everyone works well together as a 
team. This "cooperation by design" facilitates interaction among all students in the class, 
leading them to value each other as contributors to their common task [3]. 
(http://www.jigsaw.org/overview.htm).  

Many students believe that the study of organic chemistry requires rote memorization. 
 This is supported through the encyclopedic nature of introductory organic chemistry textbooks 
and their associated solutions manuals.  However, help is available through an understanding of 
reactions and their underlying mechanisms.  A reaction mechanism can be described using 
arrow pushing - the use of curved or curly arrows to show the movement of electrons through 
the various functional groups. Through this technique, applicable to any book or course, 
memorization can be minimized and the subject demystified.  Of the many available online 
resources, this site focuses on making organic chemistry more approachable. There are many 
learning resources provide for students in this era. However when the globalization, market 
power, multinational, international as well as information technology advancement and the other 
trend in the world give influence significantly to the learning material, really we did not show 
yet a great changes in the teaching and learning process in college[4].  Learning   resources were  
not teacher or lecturer only. In this research students can use textbooks, website by using their 
gadget, student book and worksheet as a guide of this activity. The problems will be answered in 
this study are: 1) How the implementation of Jigsaw Cooperative learning model in chemistry 
organic 2 on poly functional compound topic. 2) What the students learning outcomes on 
polyfunctional topic by learning process with cooperative learning model. 3) How the students 
response  about learning process of organic chemistry II on polyfunctional topic.  

This study aims to improve the learning process in the course of organic Chemistry 2, 
especially on the topic of polyfunctional compounds with Jigsaw cooperative learning by using 
a multi learning resources. In addition, to know  the learning process  of organic chemistry 2 
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subject on polyfunctional compound topic  with Jigsaw cooperative learning by using multi 
learning resources, to know student learning outcomes and to student response. The benefit of 
this study is to provide an alternative learning model that can be used in the learning process of 
Organic Chemistry 2 especially on polyfunctional compound topic. For students with more 
learning can enable students in the learning process. For science, especially in learning process 
it can expand the using of learning models and multi learning resources in the lecture. 

Benefits of learning resources are: can give direct learning experiences and real to 
students; present something that impossible to provide,  visit or observe directly and really; can 
give wider presentation in the classroom; provide accurate and newest information; supporting 
to solve education/ instructional  problem in micro or macro area; give positive information, if 
its benefits was regulated and planed precisely; can stimulate to think, posed, and develop   
furthermore[5].  

Which includes of  learning resources are variety information, data science, human 
ideas , either in the form of printed materials (books , brochures , pamphlets , magazines , etc. ) 
as well as in non-print form (movies , filmstrip , cassette , videocassette , etc.). Association for 
Education and Communication Technology (AECT) outlines that learning resources include: 
message, people, materials, tools, techniques and environments. All sources in the form of data, 
and the particular form that can be used by students in learning, either separately or combined to 
facilitate students in achieving the learning objectives or achieve a particular competence. 
Learning resource materials that are used and required in the learning process, which may 
include text books, print media, electronic media, speakers, surrounding environment;  and so 
on that can increase the levels of students activity in the learning process. Learning resource is 
anything that is available around the learning environment that serves to help optimize learning 
outcomes. Optimizing the results of this study can be seen not only on the learning outcomes, 
but also the views of the learning process in the form of student interaction with a variety of 
learning resources that can provide a stimulus for learning and accelerate the understanding and 
mastery of science are studied [6]. 

Components of learning resources which used in the teaching and learning activities can 
be distinguished by the way that can be seen from the existence of learning resources as planned 
and utilized. Learning resources are deliberately planned (by design) are all sources of learning 
that has been specifically developed as a component of the instructional system to provide 
facilities-directed learning and formal. Learning resources as utilized (by utilization) that 
learning resources that are not specifically designed for learning purposes, but can be found, 
applied, and used for learning purposes. Based on the above concepts, learning resources is 
essentially an instructional system components include a message, people, materials, equipment, 
techniques and background (environmental) [7]. http://www.m-
edukasi.web.id/2013/07/pengertian-sumber-belajar.html. In this study learning resources was 
used in the classroom of Organic Chemistry 2 course on polyfunctional compounds are among 
others;  student textbook of  polyfunctional compounds, student worksheets, and other resources 
that are accessed from the internet through gadgets that owned by the students. 
 
RESEARCH METHOD 

The research design used one shot case study posttest only design. Methods of data 
collection in this research used observation, interview, and test methods. Data analysis used 
descriptive quantitative and qualitative. The instruments are used in this research; observation 
sheet of implementation of cooperative Jigsaw learning process  using an instrument that 
adapted from the implementation of learning assessment instruments in the implementation 
Signs Professional Teacher Education and Training (PLPG) 2013 [8]. In this study, the 
instrument is modified as needed. Assessment scores using a range of 1 to 4, with criteria 1 = 
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less, 2 = adequate, 3 = good, and 4 = very good. Analysis of observational data using a learning 
instrument that has been compiled and analyzed quantitatively by the formula:  

Value =
����� ����� ����������

������ �� ����������
  

Then the conversion described with ratings in the following categories: 
Very well =  3.33 < score ≤ 4 
Good       = 2.33 < score ≤ 3.33 
Adequate  = 1.33 < score ≤ 2.33 
Less   = score < 1.33 [7] 
Student responses to the questionnaire calculated the percentage of students answer 

according to the number of items in the instrument. The test results were analyzed according to 
assessment system based on the Criterion prevailing in the Department of Chemistry, State 
University of Surabaya presented on Table 1[1]. 

Table 1. Converse of value in letter and number 
 

Value Score Interval 
A 4.0 85≤  A ≤100 
A- 3.75 80≤  A- ≤85 
B+ 3.5 75≤  B+ ≤80 
B 3.0 70≤ B ≤75 
B- 2.75 65 ≤ B- ≤70 
C+ 2.5 60 ≤ C+ ≤65 
C 2.0 55 ≤  C ≤60 
D 1.0 40 ≤  D ≤ 55 
E 0 0 ≤  E ≤40 

 
Beside the kind of quantitative data there are qualitative data that can support the results of this 
research will be analyze by using descriptive qualitative. 
 
RESULT OF THE RESEARCH AND DISCUSSION 
 

Feasibility of learning process in Organic Chemistry 2 course by using Cooperative 
learning Jigsaw type with the multi learning resource can be seen on Table 2. 

 
Table 2. Observational data of Cooperative learning models Jigsaw type in Organic Chemistry 2  

course on polyfunctional matter 
  

Observation aspects O1 O2 O3 Average 
Introduction     
A. Apperception and motivation     
1. Creating learning situations to focus attention  
2. Asking students to express their opinions  
3. Conveying  learning objectives  
4. Linking the present with previous lesson 

3 
3 
4 
4 

4 
3 
4 
3 

4 
4 
4 
4 

3,66 
3.33 

4 
3.66 

B. Conveying of Competence and activity plan     
1. Communicating student competencies to be achieved  
2. Informing  activity Jigsaw cooperative learning model to 

polyfunctional compounds topic 

3 
4 

4 
3 

4 
4 

3.66 
3.66 

Main Activity     
A. Mastery Learning Materials      
1. 1. Adjusting the material with the aim of learning 4 4 4 3.66 
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Observation aspects O1 O2 O3 Average 
2. 2. Linking material with other knowledge 
3. 3. Presenting material in a proper discussion 
4. 4. Presenting the material in a systematic 

3 
4 
3 

3 
4 
4 

4 
4 
4 

3.66 
4 

3.66 
B. Implementation of educated learning strategies     
1.  Conduct the learning process according to competences 

will be achieved 
2.  Facilitate student activity with multi learning resources  
3.  Conduct the learning process harmony  
4.  Comprehending class management  
5.  Conduct the learning process to  grow positive 

habituation possibly  
 

4 
3 
3 
4 
4 

4 
3 
4 
4 
3 

4 
4 
4 
4 
4 

4 
3.33 
3.66 

4 
3.66 

C. Implementation of Jigsaw Cooperative Learning      
1. Presenting information of polyfunctional matter  
2. Organizing students in group of Jigsaw cooperative Learning  
3. Guiding students in work and learning  
4. Doing evaluation and presenting result of working in group  
5. Giving reward 

3 
3 
4 
3 
3 

3 
4 
4 
4 
3 

4 
4 
4 
3 
1 

3.33 
3.66 

4 
3.33 
2.33 

D. Use of source Learning / Media in Learning process     
1. Demonstrate skill in the use of learning resources  
2. Demonstrate skill in the use of instructional media  
3. Produce compelling message  
4. Involving students in the use of learning resources  
5. Involving students in the use of instructional media 

3 
3 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
3 
4 
3 

3.66 
3.66 
3.66 

4 
3.66 

Closing     
1. Making reflection by involving students 4 4 1 3.0 
2. Provide follow-up to the next activity 3 4 3 3.33 

Number of average score    94.22 
Total average score  3.49 

 
Based on Table 2 shows that the learning process in the Organic Chemistry 2 course, 

especially on polyfunctional material using Jigsaw cooperative learning model can be 
implemented well, with score in range of  3.33 to 4 in the good and very good category. Overall 
aspect assessed get score 3.49  in the excellent category. The using of instructional media 
sources and get a score between 3.66 to 4 of all aspects on  good and very good category. With 
the implementation of learning outcomes are included in the criteria of good and very good it 
will be seen also student learning outcomes by providing a test on the material polyfunctional 
compounds. Observation of student activity in the classroom of Organic Chemistry 2 course 
with Jigsaw cooperative learning model supported as shown at Figure 1. 

 
 



Mitarlis, et.al./ Improving The Learning …                    ISBN. 978-979-99314-8-1 
 

 
CE-52 

     
Figure 1 Students are in groups: (A) original  group (Group 7), 

(B) The expert group  material D: phenolic acids 
 

In addition, we can observe the activities of students in a group discussion and use of 
learning resources supported by Figure 2. 

 

     
Figure 2 (A) Students interaction in Jigsaw cooperative learning groups   

(B) Interaction of students with learning resources (student book, gadgets for browsing teaching 
material) 

 

     
Figure 3 Presentation of group work by students and clarification from lecturer 

Figure 3 presents the student activities in the final stage of cooperative learning by 
presenting the results of the group discussions that have been finalized in the original group. In 
this activity lecturer as a facilitator will be clarify anything if needed to help straighten out the 
answer when the students presenting their work. In this study the end of the lesson according to 
the syntax of cooperative learning should no awards. However, the syntax does not look real by 
giving something to a student or group of students, but only as a compliment of verbal praise of 
lecturers as reinforcement on the performance of students either individually or in groups. This 
led to a score of adherence to cooperative learning as in Table 1 section C.5 get a score just 
2.33, in  quite well  category. 

After completion of learning in the classroom for Organic Chemistry 2 course on 
material of polyfunctional compounds that requires two meetings, than conducted the test. The 
results of the test on  polyfunctional compounds material in Organic Chemistry 2 can be seen in 
Table 3. 

 
 

A B 

A B 
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Table 3 Results of test material with a polyfunctional compound Jigsaw cooperative learning 
using a variety of learning resources. 

Letter Score  Interval Students percent 
A 4.0 85≤  A ≤100 2 3.7% 
A- 3.75 80≤  A- ≤85 5 9.2% 
B+ 3.5 75≤  B+ ≤80 20 37.1% 
B 3.0 70≤ B ≤75 13 24.1% 
B- 2.75 65 ≤ B- ≤70 9 16.7% 
C+ 2.5 60 ≤ C+ ≤65 4 7.4% 
C 2.0 55 ≤  C ≤60 0 0 
D 1.0 40 ≤  D ≤ 55 1 1.8% 
E 0 0 ≤  E ≤40 0 0 

 
 
Based on Table 2 . Learning outcomes of students in the category of A- and A grades at 

12.9 % ; B- to B+ 77.9 % ; grade of C+ 7.4 % in completed category and D 1.8 % ; as well as E 0 
% in the incompleted category . Based on these data of classical mastery learning had been 
achieved greater than 80 % it is 90.8 %. 

Student response to this study shows student data was pleased with the material 9.1 %; 
like  in the learning process  66.7 %; and 21.2 % interest to the learning media/ learning 
resources. Based on these data the dominant student was pleased with varying learning process, 
through group discussions on the Jigsaw cooperative learning model type. Based on the result of 
students interviews they feel happy because they feel more energized and motivated to learn the 
material organic chemistry 2 by utilizing information technology as a learning resource. It is 
like Margareta ( 2014) statement  that we do not make the  technology as so rival, so as friends 
to make we  no stop learning" [9]. In addition, learning becomes monotonous tasks can quickly 
respond and get clarification. Thus from this study an increase in the learning process with more 
activating and expanding student learning resources from a variety of sources was occurred. 

 
CONCLUSSION AND SUGGESTION 

The result of this study can be concluded that: 1)The implementation of  Jigsaw 
cooperative learning Model of all components of the average of the 3 observers get a score of 
3.49 in good categories;  2) Almost all stages of Jigsaw Cooperative  learning get score between 
3.33 to 4.00 on good and very good category, except the award given syntax obtain an average 
score of 2.33 in  quite well category; 3) Learning resources and media usage get score between 
3.66 to 4.00 on very good category. 4) The student  learning outcome in polyfunctional 
compound topic  with the details value of A- to A 12.9 % ;  B- to B+  77.9%;  and C+ 7.4% on 
mastery learning category; as well as D 1,8% and E 0% on not mastery learning category. 5)The 
students response about this learning, they interest on the matter 9.1%; learning process 66.7%; 
and learning resources 21.2%.  
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Abstract 
 

This research is aimed to increase the interactive activity and concept mastery of the 
students of chemistry education study program on Strategy and Method of Chemistry 
Instruction Subject through jigsaw model with lesson-study-based. Lesson study activity 
with steps plan, do and see was conducted at Chemistry Department of Mathematics and 
Science Faculty, State University of Makassar with 7 involved observers. Methods used 
in this research is learning cycle (plan, do, and see) and collaborated with several SMPK 
lecturer through collegiality principle and mutual learning. Present research was done on 
odd semester academic year 2012/2013 with four cycles. The research subject is students 
of chemistry education study program, received year 2010/2011. 
 
Keywords: jigsaw, lesson study, instructional strategy and method 

 
 
Introduction 

Creation of effective and pleasant learning condition is very crucial on order to emerge 
and develop variety of competences of students. The development of student’s competence 
include cognitive, affective, and pshycomotoric competence is the main goal of a learning 
process. Based on that, the application and elaboration of learning steps, strategy or learning 
type should be afforded, either in direct instruction, investigation-based learning, or 
cooperative-collaborative learning. 

One learning types that has been known, applied, and developed is cooperative learning 
type jigsaw. This learning type required a fixed unique planning type. As example, times that 
used to organize specific skills required, the teacher can mapping how to make transition from 
class instruction to small groups instruction can run well (Arends, 2007) 

This learning type counted as learning type that implement team appreciation, individual 
responsibility, and equal chance to success. According to Nur (2005) jigsaw could be used if the 
subject course in written narrative form and the learning goal emphasize to concept in 
descriptive material than skills. Continuously, Nur (2005) also explained that in jigsaw, 
especially jigsaw II, the student work in heterogeneous team. The students asked to learn a 
chapter or another subject to read and was given “expert sheet” that contain different topics to 
each team members, so when reading section began, students from different team with same 
topic met in an expert team to discuss their topic for 30 minutes. The experts then back to their 
initial groups and then teach their topic to the teammate alternately. In the end, the students give 
some quiz about all the topics and the score of that quiz become team score. The winner team 
could be appreciated with a prize or certificate. Using this way, the students are expected to be 
motivate to learn. Giving present technique can improving the student behavior to respond the 
tasks given and maximally the mean of present that they get. 

This learning type can develop several abilities and competences, for example high 
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thinking order competence and pedagogical competence that can affect to professional 
competence or mastery of subject concepts. The last competence is very important to the 
prospective teacher as well as the professional teacher. The concept mastery is the ability to 
understand and apply the lesson contentin every occasion or condition where that concept 
required. This ability can be trained through a knowledge activities and learning skills, for 
example lesson study activity. Lesson study is learningactivities studies collaboratively 
andsustainable based on collegiality principle and mutual learning to build learning community 
(Susilo, 2009). On lesson study implementation the teacher collaboratively: 1) studying the 
curriculum, formulating the learning objectives and student development objectives (life-skills 
development); 2) planning the learning to gaining the objectives; 3) performing and observing 
the research lesson; and 5) taking reflection to discuss the lesson investigated and improved on 
the next lesson planning (Susilo, 2009). 

Relative with the aim to attaining the learning condition that effective to develop the 
professional competence or the concept mastery of educational students, in this occasion, we are 
the lesson study team carry out a learning research by implementing the steps of lesson study 
(plan, do, and see) to the lecture subject Strategy and Method of Chemistry Instruction (SMPK). 
This purposed to increase the knowledge and pedagogic competence to the chemistry teacher 
candidate. Besides that, this research also aimed to introduce the steps of cooperative learning 
type jigsaw. This lesson type include in simple cooperative learning, because the student only 
discuss and solve the problem given by teacher in the classroom. 

All this time, lecture of SMPK subject was held by two lecturers, where the lecturer 
divide the lecture course for 16 times lecture process. So, each lecture get 8 times lecturing 
process include the evaluation. This method absolutely has a limitation, such as variation of 
information being lack because the lecturing course or discussion topics only from one lecturer. 
This method also not a solid team because the team working partially, so the learning until 
reflection to improve learning quality process not maximally transpired. 

Based on that reason, SMPK lecturing through lesson study with open class 
implementation (watched and observed by observer from another study program) very 
important for continuous teaching profession development effort, so the professionalism and 
concept mastery of students continuously increased. 

The SMPK subject that that become research object through lesson study learning is 
method and type of cooperative learning. So, this activity teach cooperative learning through 
cooperative learning method that sets in learning cycle of lesson study (plan, do and see) 

Present research aimed to improve the concept mastery of educational student through the 
application of cooperative learning type jigsaw on the lecture course Strategy and Method of 
Chemistry Instruction (SMPK). This research was done by several SMPK lecture 
collaboratively (with collegiality and mutual learning principle). 

This activity expected to be useful for: 1) the lecturer, to give information about 
implementation of lesson study, the importance of team collaboration to furnish and correct the 
lack of each other, so the learning quality will improve; and 2) to the head of faculty, this 
activity can be a media to evaluate the success of lecturing process, especially in the 
achievement of standard competence and basic competence of SMPK subject. 

 
Research Methods 

Present research is a lesson study research which apply cooperative learning type jigsaw 
on the SMPK lecture. The research subject is 43 students ofchemistry study program, 
Mathematics and Science Faculty, State University of Makassar received year 2010/2013. This 
research done in 4 cycles (plan, do and see activity). 

The learning devices used this research were RPP, LKPD, Strategy of Chemistry 
Instruction textbook, and student’s book for grade X, XI, and XII. The instruments used is 
observation sheets and SMPK concept mastery tests. 
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The steps of lesson study elaborated below: 
1st cycle: 
Plan step: 

Lesson study team meet and planned the implementation of lesson study on SMPK lecture 
at Chemistry Major. This meeting was headed by the team leader and discuss: 1) 
implementation time “plan” and “do” activity for the first meeting; 2) selection of lecturer as 
model for first, second, third, and fifth “do” activity; 3) selection of observer for first, second, 
third, and fifth meeting. 
Do step: 

The first “do” activity wasperformed by lecturer model who implement jigsaw learning 
model. Basic competence is the students should be able to understand and communicate various 
types of cooperative learning (KD-1). Methods which execute to gaining that competence is 
applying cooperative learning type jigsaw and preparing the learning devices, Models and 
Strategy of Science Instruction books, and student’s chemistry book for grade X, XI, XII that 
borrowed from Chemistry Library FMIPA UNM. The lecturing process watched by observer to 
observe the student activity and involvement in lecturing process. The observer expected to give 
any advice in the “see” activity for improvement of next “do” activity. The steps of jigsaw 
learning model showed in Table 1. 

Table 1. The steps of jigsaw learning model. 
Learning Steps Learning Activity Substances Required 

Dividing the students into 
several teams  

Divided the students into 
heterogeneous teams with has 
5-6 members 

 

Dividing the students into 
expert team 

Divided the students into 
expert team randomly from a 
team 

 

Reading The students get the expert 
topics and asked to read the 
information related with the 
topics 

Expert sheets (in this case, 
LKPD), literature (example: 
StrategiBelajarMengajar Kimia 
by Arifin, M et.al. 2005), and 
student’s chemistry book for 
grade X, XI, and XII (example: 
Chemistry Book for SMA/MA 
by Rachmawaty and Johari, 
2007). 

Team reports The expert back to their 
initial group and then teach 
the other group member 
about their mastery topic  

 

Presentation and discussion Each expert team presented 
their discussion results 

The discussion summary of the 
expert group 

Test Individual test about all 
topics give to each students. 

Quiz sheet for each students 

Team recognition The team score calculated 
and prepared certificate or 
another present to the winner 
team 

Criteria appreciation sheets 

Sources: Slavin (2005). 
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See steps and plan for 2ndcycle 
The implementation of first “see” and plan for second cycle execute after the 

implementation of first “do” to evaluate and reflect the result of “do” activity. First chance given 
to the students to extend their opinion about lesson study implementation, and the next the 
observer to present their observation result and give suggestion for second “do” improvement. 

 
2nd cycle 
Do step 

The “do” step activity was performed by lecturer model. The basic competence is the 
students should be able to identify the suitability of cooperative learning characteristic with 
chemistry concept in Senior High School. 

 
See step and plan for 3rd cycle 

The implementation of the second “see” activity and third “plan” executed after the 
implementation of second “do” to evaluate and reflect the second “do” activity. The first chance 
given to observer from inter-chemistry-major to elaborated their observation and give any 
advice to improvement of the third “do”. Continuously, the second chance given to lesson study 
team from chemistry study program.  
 
3rd Cycle 
Do step 

The third “do” activity was performed by model lecturer. The basic competence is the 
students should be able to communicate various methods of chemistry instructional methods 
(KD-1 for main course of Methods of Chemistry Instruction) 
Third see step and fourth plan 

The implementation of third “see” and fourth “plan” executed after the implementation of 
third “do” activity. The first chance given to observer from inter-chemistry-major to elaborated 
their observation and give any advice to improvement of the fourth “do”. Continuously, the 
second chance given to lesson study team from chemistry study program. 
 
4th Cycle 
Do step 

The fourth “do” step was performed by lecturer model. The basic competence is the 
student should be able to identify the suitability of the learning model characteristic with certain 
chemistry concept (KD-2 for main course of Methods of Chemistry Instruction) 
See step 

On the fourth “see”, four lesson study team member decided to finish the lesson study 
observation activity on SMPK course, odd semester, academic year 2012/2013 at Chemistry 
Major FMIPA UNM. 
 
Results and Discussion 
1. Students activity during learning process 

The activity of students during learning process was observed by observers. The 
observation results each lesson study cycles were explained below: 
1st cycle 
Plan step: 

The meeting results is one lecturer agreed as lecturer model and 7 as observer. From this 
meeting also agreed that the first “plan” was executed by lecturer team of SMPK course. 

The implementation of first “plan” concerted the lecturing activity of types of cooperative 
learning concepts. Substance discussed was lecturing strategic used, media used, time 
allocation, and other learning devices that support the course, the course content, and conclusion 
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expected after the lecturing process. Agreement reached was the implementation of cooperative 
type jigsaw as lecturing strategy with LCD projector and white board as media. To support the 
lecturing process, lesson study team compromised to prepare learning source likehandbook and 
LKPD sheet about type and methods of learning based on strategy that will implemented to the 
students. 

 
Do Step: 

The first “do” step by lecturer model applied jigsaw method. The steps of jigsaw method 
have been showed in Table 1. 

 
See step and second plan for 2nd cycle: 

Generally, the observer commented that the learning process have been actively engage 
the students to find information and increasing the student’s competence on concept mastery 
which expected. Even there are student from a study group irresponsive to the lesson. This is out 
of lecturer model attention during the class. Students have a notion that the implementation of 
lesson study coerce the students to fostering better learning based on the students and lecture 
content characteristic and make the students understand the subject matter deeply. For second 
“do” improvement, the suggestions of observers are to pay attention on whole student 
involvement and admonish the unwanted activity of students, such as if there are students that 
seems like look for information in their PC/ Laptop whereas they look for another things. 

As lecturer model, observer’s advice will follow-up, implement, and perfect for second 
“do” with basic competence (KD-2) to identify the suitability of types of cooperative learning 
with certain concept or content in chemistry at same class. 
2nd cycle 
Do step: 

Steps that carried out to gaining the competence was the application of cooperative 
learning type jigsaw by lecturer model and then prepared the learning devices, Models and 
Strategy of Science Instruction books, and student’s chemistry book for grade X,XI. And XII 
which borrowed from Chemistry Library, FMIPA UNM. The learning process was observed by 
observer team to view the active involvement of students during the learning process. After 
second “do” executed, lesson study team made second “see” activity to obtain information and 
suggestion of second “do” results. 
 
See step and third plan for 3rd cycle 

Generally, the observer commented that the learning process have been run well. The 
class activity have been engaged the student to constructed their knowledge and professional 
skills through literature reviewing, discussion, presentation, and sharing between presenter team 
and another teams. Nevertheless, there are member of presenter team that not get opportunity to 
give comment and answer to another team’s question, because times up, and lecturer model 
instructed to finish the learning. For the improvement of third “do” observes advised to adjust 
time allocated with discussion topics range or the next course content. The lesson study team, 
especially lecturer model followed up the observer’s suggestion to arrange the third plan with 
pay attention to suitability of time allocated with next discussion topics (third “do”) 

 
3rd cycle 
Do step: 

Steps that carried out to gaining the competence was the application of cooperative 
learning type jigsaw by lecturer model and then prepared the learning devices, Models and 
Strategy of Science Instruction books, and student’s chemistry book for grade X,XI. And XII 
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which borrowed from Chemistry Library, FMIPA UNM. The learning process was observed by 
observer team to view the active involvement of students during the learning process. After third 
“do” executed, lesson study team made third “see” activity to obtain information and suggestion 
of third “do” results. 

 
Third see and fourth plan 

In general, either the observer from chemistry study program or from outside stated that 
the learning process run interactively and high level RPP (Lesson plan) achievement. The 
process engage the students actively to construct their knowledge and professional skills 
through literature study, discussion, presentation and sharing between presenter team and the 
other teams. Nevertheless, there are students that cheat each other during the evaluation (quiz), 
because they are still sitting position (in circle) not arranged to normal position yet, so they have 
chance to share the answer during the test. For forth do improvement, the observer suggest to 
pay attention with student’s sit arrangement during evaluation or another test like quiz and the 
other. The lesson study team, especially lecturer model followed up the observer’s suggestion to 
arrange the fourth “plan” and perform fourth “do”. 

 
4th cycle 
Do step: 

Steps that carried out to gaining the competence was the application of cooperative 
learning type jigsaw by lecturer model and then prepared the learning devices, Models and 
Strategy of Science Instruction books, student’s chemistry book for grade X,XI. And XII which 
borrowed from Chemistry Library, FMIPA UNM also followed the observer suggestion on third 
“see”. The learning process was observed by observer team to view the active involvement of 
students during the learning process. After third “do” executed, lesson study team made fourth 
“see” activity to obtain information and suggestion of third “do” results. 

 
See step: 

On the “see” step. All four lesson study teams and observer stated that the learning 
process run very interactive and evaluation process run orderly. On the fourth “see”, lesson 
study teams agree to finish to lesson study observation on SMPK course, odd semester, and 
academic year 2012/2013 at Chemistry Major FMIPA UNM. 

 
2. Concept mastery 

Concept mastery data as the student’s learning achievement on SMPK course shown in 
Table 2. 

Table 2. Concept mastery data from 1st cycle to 4th cycle (plan, do, see) 
Score / cycle 1st cycle 2nd cycle 3rd cycle 4th cycle 
Average score 72 78 82 87 

The lowest score 65 71 72 75 
The highest 

score 
77 80 85 90 

 
Based on that concept mastery data as the student achievement in table 2 shown that there 

are average score from 1st to 4th cycle increased. This indicated that the implementation of 
cooperative learning type jigsaw with lesson-study-based can increased student’s concept 
mastery on SMPK course. 
 
Conclusion 

The implementation of lesson study gave positive contribution for students and lecture 
involved, such as: 
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1. Improve the interactive activity of educational students on SMPK course. 
2. Increase the concept mastery especially for types of cooperative learning and instructional 

methods subject. 
3. Produce the lesson plan that able to teach students effectively and awaking student’s 

participation on learning process 
4. Inculcate the understanding which the observation focus not on how the lecturer teach, but 

to the student’s learning activity. 
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ABSTRACT 

 
The study was a quasi-experiment research which aimed to know: (i) the influence of 
constructivism approach in direct learning towards metacognitive awareness (ii) the 
influence of constructivism approach in direct learning towards student’s learning 
outcomes on solubility and solubility product subject. The results of the study show that 
(i) there is no influence of constructivism approach in direct learning towards students’ 
metacognitive awareness  (p = 0.240, n = 39); (ii) there is influence of constructivism 
approach in direct learning towards students' learning outcomes (p = 0.000 , n = 39). 
After the learning process, the average of learning outcomes value in control class is 
72.25 which is smaller than experiment class , of which the average is 79.47. In the 
experiment class, 84.21% of the students achieved the standard of mastery and the 
percengatage of those who achive the standard in the control class is 70% s. The study 
also shows that there is correlation between metacognitive awareness and learning 
outcomes. In the experimental class,  metacognitive awareness contributes 27.6% (R = 
0.526, R square = 0.276) to the learning outcomes. While in the control class, 
metacognitive awareness is contributes 5.6% (R = 0.237, R square = 0.056)  to the 
learning outcomes. 
 
Key words:  Constructivism Approach, Direct Learning, Metacognitive Awarenes, 
Learning Outcomes   
 
 

1. INTRODUCTION 
Learning process is an activity involving teacher and student. Teacher, as an educator, 

teaches knowledge, skill, and morale to students that are useful to their life. A teacher does not 
act as the only source of learning, however, he can be a facilitator for students to learn. Teacher 
plays an important role and task in learning process. An achievement obtained by students is not 
influenced by teacher’s knowledge level of learned subject, but also it is determined by the 
approach and the model of learning that is used.  

The problem of learning process is mainly caused by the incorrectness of the design and 
the plan of learning process causing the learning achievement  becomes low and the objective of 
the learning is not achieved. The problem also occured in the learning outcome of students 
grade XI IPA MAN 1 in Watansoppeng, academic year 2011/2012 in the topic of Solubility and 
Solubility Product. The students was difficult to apply the concept and to solve problems 
because they just tend to memorize. The teacher was also difficult to apply appproach and 
model of learning beside conventional (behavioristic) since the students were accustomed to be 
directly informed without struggling to seek for their knowledge by themselves.  

Direct learning is one of learning models that is frequently used by teachers. The learning 
model helps students to acquire intellectual knowledge and procedural steps. That kind of 
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learning requires much effort of teacher to teach. In addition the direct learning is teacher-
centered so it needs an approach ensuring the involvement o students in learning process. One 
of the approaches that can be used is constructivism approach. It refers to a learning approach 
that puts emphasis on the self-experience and involvement of students in a learning process. 
During learning process, students actively construct their knowledge. Moreover, it requires the 
role of teacher to help students establish the relationship between what they have known and 
what they are learning.  

Solubility and Solubility product is one of the topics which requires students not to 
simply memorize formulas but also to fully understand concepts. Furthermore, the topic covers 
counting related to mathematical skill which is likely to be achieved in several steps of direct 
learning model, i.e. guided practice, feedback, and individual practice. 

Constructivism approach involves the activities of students in asking question  seeking 
for information, and doing an inquiry. It demands students to apply their favorable learning 
strategies which entails students’ metacognitive awaraness. Basically, metacognition refers to 
learning ability about how to apply learning in which it well applies several activities. 
(Maulana, 2008). Students, with their metacognition, are aware of their strenghts and 
limitations in learning so they can make an improvement. (Susantini, E. dkk in Susana, 2011). 
Consequently, it is highly necessary to evoke students’ metacognitive awaraness to manage 
their own learning to be more self-sufficient. Additionally, constructivism is a process of 
forming or constructing new knowledge in students’ cognitive structure based on their 
experience (Sanjaya, 2008). Constructivism theory states that students should find and 
transform complex information by themselves, check new information by comparing it with 
previously known theories, and even revise the theories when they are not correct (Trianto, 
2008). 

Constructivism learning emphasizes on active, creative, and productive self-construction 
of understanding. Knowledge is a sequence of facts, concepts, and rules which are ready to 
apply. Humans should firstly construct their knowledge and give meaning through empirical 
experience (Muslich, 2009). During learning process, students construct their own knowledge 
through active involvement in which students, not teacher, are the centre of activities (Mulyana, 
2011).  

Learning activities in constructivism learning are directed to the empowerment of 
students’ potency to have some required skills comprehensively (Srini & Lina, 2011). In that, 
teachers have important task in facilitating tha kind of process by (a) making students learn 
meaningfully and acquire relevant information; (b) leading students to acquire and apply their 
own ideas; and (c) making students aware of their own strategy application in learning.  

There are several characteristics of constructivism learning, namely (1) providing learning 
experience in taking the advantage of students’ own knowledge to create new knowledge 
construction process, (2) providing several learning experience alternatives, for instance, giving 
open problem to students to solve with various answers, (3) integrate learning process with 
realistic and relevant situations involving concrete experience, for example to understand a 
concept through the reality in everyday life, (4) integrating learning process that allows social 
transmission of interaction and collaboration between students and teacher, and among students, 
(5) utilizing some media including oral and written communication so that learning process 
bocomes more effective. 

Metacognitive is an adjective of metacognition. Metacognition is often defined as 
“thinking about thinking”. Metacognition can’t be defined simply. Metacognition word contains 
the prefix “meta” and “cognition”. Meta comes from Greek, which means after or exceed while 
cognition means skills related to thinking (Livingstone, 2003). Metacognitive consist of two 
main components, namely metacognitive knowledge and metacognitive regulation (Flavel in 
Danial (2010)). Metacognitive knowledge refers to knowledge about cognition as skills 
knowledge (skills) and work strategies for students and how and when using skills and 
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strategies. Furthermore, metacognitive regulation refers to the activities that control a person’s 
thinking and learning such as planning, monitoring comprehension, and evaluation (Schraw and 
Dennison in Danial (2010)). This metacognitive activities comes through four situations, 
namely (Maulana, 2008): (a) students are required to justify a conclusion or keep the objection, 
(b) cognitive situation in face the opening problem of the opportunities  to make questions, (c) 
students are required to make a conclusion, judgment, and a right decision  which requires 
carefulness in monitoring and regulating the cognitive process, (d) the students’ situation in 
cognitive activities experience difficulty, for example in problem solving. 

Metacognitive becomes very important because it is a knowledge derived from 
cognitive process and their products. Students’ metacognitive awareness which develops shows 
that students are more accurate in controling and monitoring students learning (Miranda, 
2010). 

Learning outcome is achieved by students’ score after learning. Learning outcomes can be 
measured by learning outcomes test. Generally, a teacher uses a test as a measuring tool. The 
results can give an illustration about students’ mastery level to the learned lessn (Haling, 2007). 

2. METHODS 
This study was a quasi experiment using pretest-posttest control group design. It is 

consist of two variables, namely independent variable and dependent variable. The approach in 
direct learning as independent variable consists of constructivism approach and behaviorism 
approach. Meanwhile the dependent variables are metacognitive awareness and learning 
outcomes as dependent variable. 

This research uses descriptive statistical analysis in students’ learning outcomes 
description on solubility and solubility product subject for each experimental class, which 
includes mean, standard deviation, and the highest and the lowest scores.  Students’ learning 
outcomes can be categorized into complete and not complete based on minimal completeness 
criteria at MAN 1 Watansoppeng on solubility and solubility product subject. A student’s 
learning outcome is categorized complete if the student’s level of mastery is more than or equal 
to seventy, while students who have the degree of mastery less than seventy is categorized not 
complete. The score of students’ metacognitive awareness was obtained by MAI questionnaire 
that convert it to students’ score.  

 Students’ score = 
��������′�����

����� �����
 x 100 

 Total score is obtained from the number of item on questionnaire (52 items) multiplied 
by the highest score in each item (4). Total score is 52 x 4 = 208. Furthermore, score is 
categorized based on the categorization of  metacognitive awareness (Green in Susana(2011)) 
which is shown at Table 1. 

Table 1 Categorization of Metacognitive Awareness 
Score Interval Category Ket 

0-20 Very Risk Msb 
21-40 Not developing Bbb 
41-60 Starting to develope  Mb 
61-80 Well developing Bb 
81-100 Very well developing Bsb 

 
Inferential statistic analysis was used in hypothesis test.  Normality test and homogeneity test 
were done before testing the hypothesis, using SPSS 16 for windows. The Normality test of 
students’ learning outcomes and metacognitive awareness was applied using SPSS 16 of One-
Sample-Kolmogorov-Smirnov Test analysis. The criteria of the test is that if  (p)  < α = 0,05 then 
the data is not normally distributed, conversely if (p)  > α = 0,05 then the data is normally 
distributed. 
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 Homogeneity test was conducted to determine whether the data are homogeneous. 
Homogeneity test of students’ learning outcomes variance data and MAI questionnaire use 
SPPS 16 of  Levene Statistic analysis. The criteria of test is if  (p) < α = 0,05 then variance of 
data group is not same, conversely if (p)  > α = 0,05 then variance of data group is same.  
 Hypothesis test toward students’ learning outcome and students’ metacognitive 
awareness was done using SPSS 16 of Covariance Analysis. The formulation of hypothesis Ho 
is that there is no difference in students’ metacognitive awareness between constructivism 
approach and behaviorism approach in direct learning. Meanwhile, that of H1 is that there is 
difference in students’ metacognitive awareness between constructivism approach and 
behaviorism approach in direct learning. The criteria of test if (p) < = 0,05 then Ho is rejected; 
which means that there is difference in students’ metacognitive awareness between 
constructivism approach and behaviorism approach in direct learning. 
 This study also used additional analysis to determine the relation between 
metacognitive awareness and learning outcomes. That relation was analyzed by simple linear 
regression analysis using SPSS 16. Metacognitive awareness correlated with learning outcomes 
is based on the significant value (p) < = 0,05. R square value indicates the percentage 
contribution of metacognitive awareness toward learning outcomes. 
  
3. RESULT AND DISCUSSION 
a. The influence of constructivism approach in direct learning toward metacognitive 

awareness  
 

Based on the result of the students’ metacognitive awareness research, the students’ 
metacognitive awareness both in experimental class and control class, before the learning is 
implemented, is in the category of well developing. After learning using constructivism 
approach and behaviorism approach is respectively applied in the experimental class and the 
control class, it shows that there is no significant difference between the two classes in the term 
of metacognitive awareness improvement. The increase average score of students’ 
metacognitive awareness at experimental class is higher than control class. The average score at 
experimental class is 3,2326 higher than control class. There is no significant difference in 
students’ metacognitive awareness between experimental and control classes caused by 
metacognitive awareness will not be presented without stages systematically and to improve 
metacognitive awareness takes time for students to control their thinking process. 

The number of students with increasing metacognitive awareness from the  pretest to 
posttest at experimental class is 23,95 % higher than control class. The improvement of 
metacognitive awareness is caused by students’ knowledge about skill and work strategy, as 
well as students’ ability to control their thinking and learning outcomes, for example planning, 
monitoring of comprehension, and evaluation. There are 5,26 % of students at the experimental 
class that have the same score at pretest and posttest. This result accordance to Susanti E., et.al 
(2004) in Susana (2011) that most of students improve their metacognitive awareness step by 
step, and the others are not improve. The students metacognitive awareness score decrease of 
pretest to posttest at control class is 29,21 % higher than experimental class. The decrease of 
metacognitive awareness is caused by some of students had difficulty in understanding MAI 
questionnaire, so that the answer of students  is less precise with themselves. The students felt 
bored to read and understand every item because the number of item on MAI is pretty much. 
Most of students looked apathetic and rush to finish MAI even provided the maximum time in 
process. 

The analysis of Covariance shows that p = 0,240 >  α which implies that there is no 
difference in students’ metacognitive awareness between constructivism approach and 
behaviorism approach in direct learning. Based on the analysis of difference in metacognitive 
awareness of students between those who are given treatment of constuctivism approach and 
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those who are given  behaviorism approach  in direct learning and the hypothesis test, it can be 
concluded that there is no influence of constructivism approach in direct learning toward 
students’ metacognitive awareness. 

Students’ metacognitive awareness at each class increases, but it’s not significant, which 
means that the approach  is different. In addition the result doesn’t change significantly and the 
statistical test shows there is no influence. Based on the factors that can increase metacognitive 
awareness, not all students can increase their metacognitive awareness. Contructivism approach 
is not able to make students think systematically in solving the problem and making conclusion. 
Moreover, students’ initial knowledge is low causing students feel difficult to relate the 
previous subject with topic of solubility and solubility to find  new concept. Besides that, not all 
students make a question or answer the question from teacher. Another factor is that some of the 
students judge well themselves without keeping attention and understanding the process during 
learning which consequently causes their answers are less precise compared to the expected 
answers. These results are supported by Arifin (2012) which suggested  that there is no 
significant difference in students’ metacognitive awareness between PBI group and TPS group. 

This research is also accordance to Danial (2010) research’s result that there is no 
influence on learning strategy towards students’ metacognitive awareness. The same opinion by 
Susana (2011) on her research’s result, shows that metacognitive learning model is not 
influence to metacognitive awareness. However, the different opinion by Warouw (2009) in 
Thahir (2012), said that using learning strategy will influence students’ metacognitive 
awareness.  

The result on Miranda research also support the theory of Blake, Spence, dan Sheila 
(1990) in Miranda (2010), said that metacognitive ability can be improved if the students is 
allowed manage themselves in learning strategy. Constructivism approach in direct learning is 
considered can be built students’ metacognitive awareness compare with behaviorism approach 
in direct learning. This approach give an opportunity of students to found and apply their own 
idea, so needed metacognitive awareness. Constructivism approach provide learning experience, 
it is make relation between the previous subject with the subject being studied, so that learning 
is a process of knowledge formation. Each students have a different task, so that they have to 
apply their own strategy. Besides that, students participate emotionally then interesting in study. 
Students suggested to make the right conclusion, consideration, and decision. Therefore, it 
needed learning strategy and the accuracy of students in monitoring and managing cognitive 
process (Maulana, 2008). Constructivism approach in direct learning shows learning process 
that related with metacognitive situation compare with behaviorism approach in direct learning. 
Behaviorism approach doesn’t give opportunity to students on improve strategy, idea or 
thinking process. It is accordance to Anonym (2012) said that behaviorism approach means 
students expected have the same comprehension. It means what teacher know should be known 
by students  

Based on that statement, it shows that measuring students’ metacognitive awareness using 
MAI questionnaire is not able to record students’ metacognitive awareness well. The students 
tend to hide their weaknesses but also they don’t show their abilities, so their answers are less 
accurate, then there is no significant difference in students’ metacognitive awareness between 
constructivism approach and behaviorism approach in direct learning. 
 
b. The influence of constructivism approach in direct learning toward students’ learning 
outcomes 

 
Based on the result of the descriptive statistical analysis, there is no significant difference 

on THB pretest score before learning process between experimental class and control class. The 
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difference result shows after learning process.  Constructivism approach in direct learning on 
experimental class is better than behaviorism approach in direct learning on control class. The 
increase of the average students’ learning outcomes on experimental class is higher than control 
class. Standard deviation of posttest on experimental class is lower than control class, the ability 
of students at experimental class are not really different. It’s caused learning at experimental 
class using constructivism approach that require students to found or build their own knowledge 
by themselves, so the students can remember longer than the students who get knowledge from 
the teacher. 

The result of inferential analysis using SPSS for Windows of Covariance Analysis, 
significance value p = 0,000 <  α = 0,050 shows that Ho is rejected, it means there is difference 
in students’ learning outcomes between constructivism approach and behaviorism approach in 
direct learning on solubility and solubility product subject in Grade XI Science MAN 1 
Watansoppeng. This result also supported by Elvinawati (2011) who concluded that the 
application of constuctivism and maps model concept can improve students’ activity and 
learning outcomes on chemistry separation subject. 

The difference in students’ learning outcomes between constructivism approach and 
behaviorism approach in direct learning is caused emphasize on build comprehensive by 
themselves in constructivism approach in direct learning. Mulyana (2011) also said that during 
learning process, students build their knowledge by themselves and a center of activity is not a 
teacher but it is a student. Teachers will not be able give all their knowledge to students. 
Students should construct their knowledge. Therefore, students have to apply their own learning 
strategies so that they become independent students. When students have a different task, they 
can solve the problem by their own ways. The involvement of students in learning process to 
found knowledge by themselves and become an independent student can increase students’ 
leaning outcomes. The difference of learning outcomes shows by students with behaviorism 
approach, the percentage of completeness and the average of learning outcomes still lower than 
learning outcomes with constructivism approach. Behaviorism approach doesn’t give an 
opportunity to students on found knowledge by themselves because the subject is inform by 
teacher directly step by step. 

Based on the difference of students’ learning outcomes in constructivism approach with 
behaviorism approach in direct learning and hypothesis test, can be concluded that there is 
influence constructivism approach in direct learning toward learning outcomes. The number of 
students in each class at XI Science MAN 1 Watansoppeng only consist of 20 students, it makes 
teacher easier to explore their knowledge and manage students to found their own knowledge. 
The knowledge on students with constructivism approach is retained longer than students with 
behaviorism approach. 

Solubility and solubility product subject is a subject that requires comprehension concept 
not only memorize the formula or material. The comprehension  can be achieved if students 
thinking creative with their strategy to found knowledge or solve the problem. Comprehension 
concept will make students easy on solving the exercise then increase learning outcomes. It is 
accordance to Larasati (2007) for two cycles of learning, the result of her research said that 
learning pythagoras theorem is effective by constructivism approach. 

This research also analyzes the relation between metacognitive awareness and learning 
outcomes. The relation between metacognitive awareness and learning outcomes can be 
determined by regression test. The result of data analysis shows that there is correlation between 
metacognitive awareness and learning outcomes at experimental class (p = 0,001 < α = 0,05). 
The correlation coefficient between metacognitive and learning outcomes is 0,526. The 
percentage contribution of metacognitive awareness toward learning outcomes is 27,6 % or R 
square 0,276 while the remaining 72,4 % is influenced by other variable which not include on 
this model. The difference result is showed by control class, i.e. there is no relation between 
metacognitive awareness and learning outcomes (p = 0,141 < α = 0,05).  Low correlation 
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coefficient between metacognitive awareness and learning outcomes is 0,237. The percentage 
contribution of metacognitive awareness toward learning outcomes is 5,6 % or R square 0,056. 
 
Conclusion and Suggestion 

Based on the research results and the discussion, it can be concluded that: (1) there is no 
influence of the approach in direct learning toward students’ metacognitive awareness, (2) there 
is influence of the approach in direct learning toward students’ learning outcome 
 Based on the research results, it is suggested that: (1) teacher can consider the use of 
constructivism approach as one of the alternatives in learning since the approach can increase 
students’ activeness and make students independent implying that their learning outcomes 
improve (2) further research of the approach is necessary to conduct in aiming of obtaining 
valuable information of implementing constructivism approach effectively and efficiently. (3) 
the measurement of metacognitive awareness using MAI shall be supposed to be revised 
without changing its meaning which consequently be able to memorize the personal behavior of 
students. 
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Abstract 
 

The development of information and communication technology (ICT) affects 
significantly education sector. Nowadays, students are very familiar with ICT, such as 
computer and Internet which has the advantage to use as media in chemistry learning. 
The use of student-friendly application of a web based learning management system 
(LMS) that completed by chemistry multimedia can be benefit for chemistry learning 
because the multimedia in the web can be accessed anywhere at any time as potential 
assistance for students. Learning was managed through various learning strategies in the 
combination of web-based assistance and face-to-face learning in cooperative model of 
student team achievement division (STAD) which called multimodal learning. This 
research investigated the effects of multimodal learning on chemistry towards students’ 
motivation. 

This research was an experimental research to measure the improvement of 
students motivation due to multimodal learning. The samples of this research were 2 
groups of students, which are experimental group consisting of 30 students and the 
control group having 31 students. Samples were from grade X of SMA N 7 Purworejo. 
The difference of chemistry learning between students from the experimental group and 
control group was learning with and without multimodal learning, respectively. The 
students' motivation was collected using a questionnaire, observation, and analyzed 
statistically. Students’ motivation from one group was compared to the another group 
using independent sample t-test, and the improvement of students’ motivation was 
analyzed using paired-sample t-test. 

The result of this research showed that students’ motivation of group with 
multimodal learning was higher significantly than that without multimodal learning. 

 
Key words: Multimodal Learning; Cooperative Learning; Web-Based Learning; Learning 
Management System. 

 
 
 
INTRODUCTION 
 

The phenomenon of globalization presents education systems around the world with 
both challenges and opportunities (Kagan and Stewart, 2005). Students nowdays are native ICT 
persons. They are familiar with ICT such as gadget, computer, and their application. This 
condition should be considered as opportunities to improve methods of learning that can 
strengthen the motivation of students. This is the challenge for teachers to provide more 
application or media of learning and help student to solve the difficulties encountered by 
students, including chemistry. 
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Chemistry is the academic discipline concerning on the study of the composition, 
structure, properties, and speed of change of matter (George Philander, 2008). Chemistry is 
intangible and considered as a difficult matter by learners. This is a challenge for teachers to 
create exciting learning model that can help students to comprehend the chemistry matter. One 
of alternatives to solve such problems is made by using a multimodal learning in the chemistry 
learning process. Multimodal learning is a classroom strategy that supports students' acquisition 
of new knowledge by pairing digital tools with requisite other strategies (Casey Heather, 2012). 

Integration various teaching was a teaching–learning is known as multimodal learning 
(Dominic, 2012). In the implementation of multimodal learning, teacher can use some related 
media that suitable with chemistry matter or even use one of learning management system 
(LMS) like edmodo. Teacher can also combine the learning system with cooperative learning 
model. 

Cooperative learning is a strategy in which small groups of students with different 
levels of ability engage in a variety of activities to improve their understanding of the topic 
(Eugene, 2009). There are certain types of cooperative learning. One of them is student team 
achievement division. It is a collaborative learning strategy in which small groups of learners 
with different levels of ability work together to achieve a shared learning goal (Tiantong, 2013). 

This research investigates the use of various strategies of learning accomplished by the 
media run in the methods of cooperative STAD and its effect on the students’ motivation. There 
are 4 purposes in this research. The first is to find out whether there are differences in the initial 
motivation and motivation of students who apply late STAD cooperative learning multimodal 
web-based on material reduction and oxidation. The second purpose is there a difference in 
motivation of learners who implement cooperative learning multimodal web-based group 
investigation compared to implement STAD cooperative learning on the web without material 
reduction and oxidation. For the third purpose is there any difference in increased motivation of 
learners who implement cooperative learning multimodal web-based group investigation 
compared to implement STAD cooperative learning on the web without material reduction and 
oxidation. And the last whether there is a significant increase on the motivation of learners who 
implement cooperative learning multimodal web-based group investigation. 

 
RESEARCH METHOD 

This research is an experimental research which has one factor, two samples, and one 
covariable. The factor is the implementation of cooperative multimodal learning of group 
student team achievement division (STAD), based on web. Two samples are students from class 
experiment and control. The class experiment I was class that used cooperative multimodal 
learning of student team achievement division (STAD) based on web and class control is class 
that implement cooperative of student team achievement division (STAD) without web. The 
covariable is students’ chemistry prior knowledge taken from the school documentation. 

There are three variables in this research. They are independents variable, controlled 
variable, and dependent variable. The independent variable is the implementation of cooperative 
multimodal learning of student team achievement division (STAD) based on web. The 
controlled variable is the students’ chemistry prior knowledge, and the dependent variable is the 
students’ motivation on chemistry learning. Chemistry learning motivation was measured by 
using a questionnaire, and the collection was done before and after the experiment. 

Population of this experiment was grade tenth students of science class at SMAN 7 
Purworejo in 2013/2014 academic year consisting of 156 students. The sample was chosen by 
purposive sampling method which was then divided into class experiment and control. 

The instruments of this research consist of lesson plan, questionnaire and observation 
check list. The lesson plan was prepared for five meetings for each class. The lesson plan for 
class experiment  is the lesson plan that implement cooperative multimodal learning of student 
team achievement division (STAD) based on web and the lesson plan for class control is the 
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lesson plan that implement cooperative of student team achievement division (STAD) type 
without web. The instrument should be valid and reliable. The questionnaire for motivation was 
validated by construct validation method. The design of this experiment can be observed in the 
diagram 1. 

 
 

Diagram.1 : Flow Chart of Research 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The media that used in this experiment class are power point, prezi, and e-book. This 

media has been validated by the validate (chemistry teachers and peers). There are some 
relevant notes from validatory about the look and lay out of writing such as writing a reaction, 
phase, or other type errors. While the content of the media was good. Notes from validatory 
were then used to revise and corrected the errors. 

Data analysis included normality and homogeneity tests, before the paired sample t-
test and the independent sample t-test. Normality was to find out that the data are in normal 
distribution. Homogeneity test was the test to check the homogeneity of the population. Paired 
sample t-test is to analyze the improvement of students’ motivation before and after treatment, 
and independent sample t-test was to determine the difference of students’ motivation from the 
experimental group compared to that from the controled group. When the improvement of 
students’ motivation was significant, therefore, average normalized gain test was 
conducted.(Meltzer in Wiyono, 2013). 
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RESULT AND DISCUSSION 
 
1. Design of the cooperative multimodal learning of student team achievement division 

(STAD) type based on web 
Cooperative multimodal learning of student team achievement division (STAD) based 

on the web was conducted for five meetings. i.e. Four times of meetings was for teaching 
learning and once for the final test. Teaching and learning were always delivered with a group 
setting. Teacher divided students into six equal heterogen groups with different levels of 
students competencies. According to Slavin (2010), Student Team Achievement division 
(STAD), learners are grouped into several groups with diverse members of ability, gender, race 
and ethnicity. Students were not permitted to pick their own teams. Educators delivered learning 
materials in a face to face meeting and then the students were given a task that must be 
completed in a group to ensure that all members of the group have completed the lesson well. In 
this group, the smart student must help the other students who got difficulties in understanding 
learning matters. At the end of meeting, all learners acquired individual quiz on teaching 
materials and at the time the individual should not help each other because it was about team 
achievement division to which a reward was given to a good team. 

Each group received instruction consisting of the list of work procedures, learning 
materials in the format of multimedia (e-book, Prezi and Power Point) in Edmodo, so the group 
can start to investigate, analyze, and synthesise the topic. Learning of Chemistry in this research 
was designed by using the mixture of face to face mode and other modes with the use of some 
multimedia. This study of learning was called multimodal learning. In this experiment, there 
were four of learning strategies has been implemented. They were demonstration, experiment, 
discussion, and games.  In the first meeting, learning was on the topic of reduction and 
oxidation reactions in daily life by demonstration approach. With this approach, students’ 
interest toward chemistry could be built and their motivation increased. At the second meeting, 
experimental strategy of learning was applied. In this meeting, students understood the learning 
matter well. At the third meeting, discussion strategy was utilized. At the last meeting, learning 
in games was chosen to study the compound nomenclature. In each meeting, students from all 
groups can ask the teacher about the tasks. The results of their task/assignment were presented 
in front of the class and uploaded to edmodo, so the other group was able to download and do 
cross check about their answers. Each group finally presented group discussion result, and the 
other groups raised questions. When the presentation and question time was over, each group 
answered questions listed on the work sheet. The best performance group will be given more 
stars or points that were accumulated in the final meeting. Teacher gave a reward to the best 
team. Teacher also had to confirm and emphasized the answers in the discussion group. So, this 
went to minimize the misconception that may occur. Teacher and students took the conclusion 
from learning process. The design of multimodal learning in the class of experiment was 
presented in the diagram 2. 
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Diagram.2 : Description of the Class Experimental 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Based on the results, teaching learning in the class of experiment was more active than 
that in the class of control. Students were enthusiastic and they understood the topic well. So, 
the implementation of cooperative multimodal learning of student team achievement division 
(STAD) based on web was able to provide good learning environment generating students’ joy 
of learning so that students learned independently, active, and high motivation. 

 
2. Normality and Homogenity of Data 

The data of students’ motivation were analyzed for normality using SPSS 16.0. For the 
class experiment, the significance of the students’ final motivation data was (p) 0.200 > (α) 
0.005. The significance for class control was (p) 0.101 > (α) 0.005. All significances of the data 
were higher than 0.05, all sets of data were in normal distribution. The homogeneity test results 
showed that the sample was homogen, as showed by the significant value was more than 0.05, 
(p) 0.479 > (α) 0.005. 
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3. The Effect of Multimodal Learning toStudents’ Motivation 
Analysis of data using paired sample t-test showed that the significance (p) value was 

0.000 < (α) 0.005. It meant that the motivation of students improved significantly in class 
experiment due to the multimodal learning, but in the class control, the motivation did not 
improve, as the p value was (p) 0.138> (α) 0.005. 

In the independent sample t-test, the result analysis showed that the significant (p) 
value is 0.000 < (α) 0.05. It meant that there was a significant difference between students’ 
motivation in class experiment and class control due to multimodal learning based on web. 
There was also significant magnitude improvement of the class experiment compared to class 
control, as can be seen from the significant value of (p)0.000 < (α) 0.005. The gain test result 
showed that the significant improvement of students’ motivation in class experiment was fair 
not quite high, with the average normalized gain test results of 0.26 (26%) of motivation 
improvement. The factors that may influence the improvement were: 
a. Cooperative multimodal learning of student team achievement division (STAD) based on 

web was able to increase students’ interest and the curiosity. As stated by Latifah (2008) that 
cooperative learning can strengthen students’ motivation in different ways, like encouraging 
group development, promoting social and academic interaction among students, and 
encouraging successful group participation. This research showed that students’ curiosity 
increased significantly after learning reduction and oxidation matter using the student team 
achievement division (STAD) in Edmodo. Besides that, teacher also gave some quiz in each 
face-to-face learning process and if students could solve the problems fast and right, they got 
more stars/points. 

b. Cooperative multimodal learning of student team achievement division (STAD) based on 
web provided good learning environments. Fathul Imam (2013), said that Edmodo is a social 
networking platform that was designed as a medium of interaction between teachers and 
students in the online learning environment that was safe to share data, information and 
educational contents in the form of writings, documents, video, audio, photos, calendar, links 
that can be distributed either by teachers and students as well as special content in the form 
of grades, quizzes, event activities, assignments and polls by teachers that can be done 
anytime and anywhere, as well as parents can control the course of the study. So, student 
interaction with the teacher was more intensive and it can help students to better understand 
chemistry matter easily. 

c. Cooperative multimodal learning of student team achievement division (STAD) based on 
web made learning more attractive and fun. Scott Amstrong and Jesse Palmer (1998) stated 
that use of STAD in the social studies classroom made learning fun, and students could 
understand the contents of learning easier. 

d. Multimodal learning that completed by some media can give opportunities for students to 
choose media that were appropriate to their interest. Casey Heather (2012) said that the use 
of technology and digital modes of texts offered further opportunities for engagement, in 
part, because students found these tools inviting, but also because they had more 
opportunities to work with materials that were specific to their individual needs. 

Based on the result, the conclusion is the cooperative multimodal learning of student 
team achievement division (STAD) based on web can improve student’s motivation. 
 
CONCLUSION AND SUGGESTION 
 
The conclusion of this research are. 

1. There was significant difference between initial motivation and final motivation of 
students in class that implemented multimodal learning based-web on material 
reduction and oxidation. 
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2. There was significant difference of motivation of students from the class that used 
multimodal learning based on web with the class which used cooperative learning type 
STAD without web. 

3. There was signifficant difference of magnitude improvement of students’ motivation 
from the class that used multimodal learning based on web with class which used 
cooperative learning type STAD without web. 

4. There was little signifficant improvement of the students’ motivation in the class that 
use multimodal learning based on web. 

Authors would like to suggest: 
1. If further research or similar research is carried out, the media should be validated 

empirically beforehand to see how effective the media when used by learners.  
2. If a similar study is conducted, instructional media that are developed should be more 

innovative, variatif, and as attractive as possible so that students will be more interested 
in using it. 
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Abstract 
 

 This study is a research and development that aims to produce the Inorganic 
Chemistry in learning model based on portfolio assessment. The research and 
development model was used is the Gall et al. ( 2003 ) model which consists of four 
stages: a preliminary study , the model design phase, design development and testing 
models phase. The subjects were 46 students of the third semester of Chemical Education 
who enroll a course of Inorganic Chemistry II in 2013/2014. Pilot phase model using a 
pre-experimental design. Implementation of the portfolio in the lecture through five 
stages, namely : planning assessment portfolio, portfolio collect, select and reflect on 
selected products, improve and evaluate products, utilizing the results of the assessment 
portfolio. The results showed that the Inorganic Chemistry Learning model based on 
portfolio assessment of generated include in the valid and practical criteria. The 
effectiveness of the model is 73.6 %. 
 
Key words: Learning Model, Inorganic Chemistry, Portfolio Assessment. 

 
 
INTRODUCTION 

The implications of changes in the curriculum is alteration paradigm in the education 
assessment system, i.e. assessment system that emphasizes on learning outcomes (assessment of 
learning) becomes holistic assessment that includes planning, processes, and outcomes of 
learning (assessment for learning). The assessments typically use traditional assessment (e.g., 
true- false, multiple choices, fill in, short answer, and essay) turns into the implementation of 
various types of authentic assessment. That is, the assessment conducted by educators for 
learning should be corresponding to the real world situation. This assessment is intended to 
educators and learners be able to monitor the process, progress, and improvement of student 
learning outcomes. it is consist of the principles implementation of the assessment proposed by 
the National Education Standards Agency (BSNP) that educational assessment is the series 
process of activities to analyze and interpret the data about process and learning outcomes of 
students who carried out a systematically and continuously, so that the results of these 
assessments can be a significance information in decision-making (BSNP, 2009). 

One of the assessment systems appropriate in this objective is portfolio assessment. 
Portfolio assessment is an assessment system that uses a collection of student work that 
demonstrates achievement or improvement obtained by the students from learning process 
(Stiggins, 1994). Therefore, the assessment should give an idea of the learning process, the 
assessment of learning is not only carried out at the end of learning but also executed during the 
learning process. In other words, assessment is an integral part of the learning process. 

Portfolio assessment included in the authentic assessment. This assessment can be used 
to determine the level of achievement and competence development of learners based on 
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collection of work from period of time (Arifin, 2011). Therefore, the works or tasks that are 
documented by the students are all aimed to the achievement of competencies or standards that 
have been targeted in the study. 

In order to the implementation of an integrated assessment of learning, then this 
assessment system can be a basis in the development of learning model. Inorganic Chemistry 
learning with assessment-based on learning model that allows students to collect a portfolio of 
tasks associated with materials Inorganic Chemicals more a description of the concept of 
reading and monotonous. It supports students to improve their competence through the 
completion of the portfolio tasks. 

A Key element of the development model is to improve the competence of student 
learning by working on the tasks and feedback. Feedback in portfolio assessment requires the 
students to reflect on and self-assessment. These elements are the basis for developing learning 
models of Inorganic Chemistry. Assessment reform Group (ARG) revealed that the success of 
role assessment in improving learning is determined by five key factors, namely: 1) the 
availability of effective feedback to students; 2) the active involvement of students in learning; 
3) teaching adjustment to adjust the assessment results; 4) recognition of the influence of 
assessment on motivation and self-esteem of students; and 5) the students need to be able to 
judge themselves and know how to fix it (ARG, 1999). 

Accompanying the principle that portfolio assessment is an integral part of learning 
process, the characteristics of learning model was developed based on the characteristics of 
learning model proposed by Arends (1997), which has: 1) learning objectives to be achieved; 2) 
The theoretical rationale 3) teaching behaviors necessary for these models can be implemented 
successfully; and 4) the learning environment necessary for learning objectives can be achieved. 

The objective of development Inorganic Chemistry-based on learning model portfolio 
assessment is to improve students' competencies as defined in the course syllabus of Inorganic 
Chemistry. Rational development of theoretical models based on the principle of portfolios 
assessment for learning (Rate, 2008; Barret, 2005). Assessment for learning is designed to 
improve student learning (Black, 2004: Black et al., 2004). In applying the learning portfolio, 
the student task was selected to illustrate the lesson. The portfolio serves as a formative 
assessment are used to improve student learning (Barrett, 2006). Assessment for learning is 
implemented to provide feedback as a means of improving student learning. Critical comments 
provided by lecturer as feedback to the student portfolio assignments that encourage them to 
reflect on themselves to improve their learning. 

This learning model is also developed from the constructivist learning theory that come 
from the idea of Piaget and Vigotsky. Piaget's view of constructivism and Vigostky can 
contiguous in Piaget's constructivism learning process that emphasizes the internal activities of 
the individual objects encountered and the experience of the person. While the grouping of 
students in the learning process refers to Vigotsky constructivism process that emphasizes social 
interaction in the process of knowledge construction for the social environment (Rusman, 
2010). 

Teaching behavior that is expected to occur in Inorganic Chemistry-based learning 
model portfolio assessment, namely the syntax: portfolio assessment plan, gather a portfolio, 
selecting a portfolio of evidence, feedback and reflection portfolio, and utilization of portfolio 
assessment. A support system feasibility study model is the presence of the RPP, textbooks, and 
sheet portfolio assessment. 

 
METHODOLOGY 

This study is research and development that uses models Gall et al. (2003) to Develop 
and validate products. Stages of the study consists of four main stages, namely: 1) a preliminary 
study that includes activities and studies Empirical studies of literature, requirements analysis, 
concept analysis; 2) planning and designing the product; 3) the development and initial product 
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testing; and 4) implementation and validation of the product. Flowchart of the implementation 
of the study is shown in Figure 1. 
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                    Figure 1 Flowchart of the Implementation Research 
 
The devices and instruments model that have been developed validated by three experts. 

The device model has been validated was tested further limited by using a type pre-
experimental design with a one-shot case study.  The modelt was implemented in one class of 
Chemical Education, State University of Makassar that consists of 45 students in the first 
semester of 2013/2014. The instrument used to collect the data is in the form of achievement 
test multiple choices. The object of research is the subject of Inorganic Chemistry II and the 
subject matter metallic bond, ionic bond, Metallurgy, and Metals Alkali. The portfolio 
implementation process in the lecture through five stages, namely: planning a portfolio 
assessment, collecting the products that have been made, select and reflect on selected products, 
improve and evaluate products, utilizing the results of the assessment portfolio. The components 
of portfolio assessment in the course include the individual tasks and task groups on any subject 
matter. The tasks in the portfolio students are admitted feedback in the form of comments and 
returned on a weekly basis. Components portfolios in learning were assessed using a portfolio 
assessment rubric. 

The outcomes learning data were processed using descriptive statistics. The criteria 
used to determine the value of the student achievement category are five-point scale based on 
categorization techniques standards set by the Ministry of National Education. 

 
RESULT AND DISCUSSION 

In general, the implementation of this study consists of four phases. The first year of 
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research only carried out up to the stage three. In the first stage, a review of theoretical and 
empirical, such as: (1) analysis of curriculum, standards of competence and type of assessment 
is applied to the subject of Inorganic Chemistry; (2) analysis of the value of the course of 
Inorganic Chemistry; (3) Inorganic Chemical analysis of the material, as well as the theoretical 
studies (4) portfolio assessment; and (5) learning theory and learning models. The results of the 
analysis, the source of information used to design the instructional design models. 

The second stage is the design stage and designs the learning model. At this stage, the 
design of learning tools that support the learning model of Inorganic Chemistry II based 
portfolio assessment and instruments associated with developing model. Learning device was 
developed through textbooks, portfolio assessment sheet and rubrics assessment, lesson plans, 
and research instruments such as achievement test and questionnaire responses of students to the 
learning model used. This initial design was then evaluated by a preliminary field validation 
sheet and testers using open-ended questions to provide feedback. Revisions were prepared 
based on their responses. Final revisions were made based on this feedback. The results of 
validation tools and instruments of learning models show that the devices and instruments are in 
the category of valid research. Table 1 presents the summary results of the assessment and 
research instruments. 

 
Table 1 The Results of Validation Device Assessment and the Research Instrument 

 
Information: 
RPP = lesson plan 
LOKM : model implementing observation sheet 
LPAD: lecturer activities observation sheet 
LPAM: student activities observation sheet 
ARM: student respond questionnaire 
RDRPP: lecturer respond to the portfolio assessment rubric 
RMBA: student respond to the handbook 
RDAP: lecturer respond to the portfolio assessment 
RMAP: student respond to the portfolio assessment 

 
 The third stage is the development stage. At this stage, the trial is limited to models that 
have been validated by using pre-experimental design with the type of one-shot case study. The 
subjects were students in one class that consist of 45 students who took a course of Inorganic 
Chemistry II. Subject matter that is the object of testing: Metal Bonding, Ionic Bonding, 
Metallurgy and Alkali Metals. 
 The implementation of trial in four sessions. Based on the analysis of data obtained by 
an average amounting 73.6 student results are included in the high category. Students gain a 
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minimum value of 40 and a maximum value of 92 is the ideal score of 100. The Distribution 
category of learning achievement by students at the time limited trials are presented in Figure 2. 
On the picture appears that around  64.44% of the students have learning achievement at the 
high category . A small part of achievement by student learning outcomes is at medium and low 
categories. 
 

 
Figure 2 Distribution of Student Category by Learning Outcomes in the Course of 

Inorganic Chemistry II 
 
Figure 3 presents the distribution of student achievement of learning outcomes in the 

material Metal Bonding, Ionic Bonding and Metallurgy and Alkali Metals. In the picture 
appears that the percentage achievement of student learning outcomes in all three materials is 
generally same, although the cognitive aspects of student achievement on the third matter have 
not been fully achieved. The success of the role assessment in improving learning is determined 
by five key factors. These five factors are: 1) the availability of effective feedback to students; 
2) the active involvement of students in learning; 3) adjustment of teaching with assessment 
results; 4) recognition of the influence of assessment on motivation and self-esteem of students; 
and 5) the students needed to be able to judge themselves and know how to fix it (ARG, 1999). 

 

  
Figure 3 Distribution Percentage of Student Achievement on Different Topic 

 
 The concepts in materials Chemical Bonding and Metallic Bonding generally consist of 
abstract concepts and the concepts stated principles, it is relatively difficult to be understood by 
the students in lectures. The use of portfolio assessment in the lecture has effectiveness 
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respectively 73.89 and 70.79. In the material metallic bonding, which is somewhat elusive 
concept among others on view in the molecular orbital theory explains bonding of metals and 
calculation of atomic number and mass of the unit cell.  
 Slightly different with subject matter Metallurgy and Metal group that consist of more 
alkali in abstract concepts with concrete examples and concepts expressed symbol. Through the 
implementation of portfolio assessment in the course enables students more easily grasp the 
concepts of the material. The feedback through comments for improvement admitted to the 
student portfolios enables them to evaluate themselves against the learning outcomes, thus 
spurring them to be able to repair their learning. Ramlawati (2012) states that through the 
feedback admitted by the lecturers allow the students to know their strengths and weaknesses, 
so that they can improve their learning process. 
 
CONCLUSION 

Based on the result of the research that has been obtained, it can be concluded that the 
model-based on portfolio assessment of learning Inorganic Chemicals has met the criteria for a 
valid and practical. Effectiveness of the learning model that measured the percentage of 
achievement of learning outcomes obtained for 73.8%, and at the high category. 
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Abstract 

 
The use of Android mobile phone is growing fast, also among senior high school 

students. Student with Android mobile phone can do many things. They are chatting, 
browsing, reading books, and also they love playing games with this smart device. It is 
good to develop an educational game operated in Android mobile phone so the students 
can learn everywhere and everytime by playing games in their device. 

This research was a development research on Android mobile game as senior 
high school learning media, especially on rate reaction and chemical equilibrium. The 
Android mobile game was developed by adapted ADDIE (i.e analysis, design, 
development, implementation, evaluation) method. It was reviewed by expert of 
chemistry, expert of multimedia, and peer-reviewers. The quality of this Android mobile 
game was determined based on the aspect of subject matter, language, operating proccess, 
audio visual, and software design. The assessment data are collected from 5 chemistry 
teachers and 25 senior high school students by using Likert quistionnaire.  
 The results shows that the Android mobile game has very good quality. Students 
said this mobile game is interesting, joyfull, and make chemistry learning more attractive. 
  
Key words: android, rate reaction, chemical equilibrium, ADDIE 

 
 
INTRODUCTION 
 

A learning process is a process of communication that will not take place optimally in 
the absence of learning media. Learning media is a tool that can be used to facilitate students' 
understanding of the competencies which need to be mastered from a subject. One alternative 
media that can be used is game. 

From the literature review conducted by Funk (2002), game applications can improve 
students' interest in learning, speed of information processing and problem solving, while 
increasing social sensitivity and academic ability. With game applications, students are 
encouraged to solve problems in a particular subject by completing training questions contained 
in the application. This kind of game application commonly referred as the educational 
application games. 

Educational application games can be presented in a variety of devices such as 
computer, video, and mobile phone. Games that work on the mobile phone have several 
advantages when compared to the games that run on other devices. Distribution of the mobile 
phone technology in the society and also the ease of access device, anywhere and anytime, 
making game applications installed on the device is very popular. 
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The use of mobile phone in society will always follow trend towards the development 
of technology used in the mobile phone itself. Mobile phone with Android operating system is 
now becoming a new trend in the selection of mobile phone devices. According to Dwi Andi 
Susanto (2012, in www.merdeka.com), Android mobile phone users in the mid-2012 increased 
four-fold compared to 2011. In 2011, the Android mobile phone users is only about 100 million 
people while in mid-2012, users had increased to about 400 million people. Mobile phone 
Android offers an open operating system that allows users to add any application to the mobile 
phone beyond the basic applications are provided. It also makes Android mobile phones became 
very popular. 

Building educational application games based Android mobile phone can be an 
alternative learning media. This application game need to be designed to fit the Content 
Standards of subject. Specifications of subject matter in the media are considered important to 
enhance the depth and discussion in the media. Therefore, this study focuses on the extent to 
which Android-based educational application game as a learning media can be developed and 
utilized in accordance with the existing learning design, to create a fun, effective, and new 
learning environment, for the achievement of learning goals. To achieve these objectives, this 
research is devoted to develop Android-based educational application game for high school 
student. Chemistry learning on reaction rate and chemical equilibrium requires a lot of practice 
in resolving problems associated with it. Learning in this material will be colored by the new 
experience of learning by using educational application game on the Android mobile phone. 

Android-based mobile game "Brainchemist" offers a new exciting and fun learning 
because by playing the game, students can improve the understanding of the material presented 
in the game. The aims of this study is to design and create a an Android-based mobile game on 
reaction rate and chemical equilibrium. It is expected to be an alternative media learning which 
is interesting, fun, and can be used by anyone, anytime, and anywhere. Quality assessment of 
mobile game "Brainchemist" will be given by chemistry teachers and students of high school 
class XI science to see their assessment and how they response.  
 
DISCUSSION 
 

Mobile game “Brainchemist” was developed by using ADDIE (Analisys-Design-
Development-Implementation-Evaluation) method. This development model generally includes 
5 steps: analysis, design, development, implementation and evaluation, but this study was 
limited to the implementation step only. The initial product mobile game "Brainchemist" 
reviewed by 1 subject matter expert, 1 information and technology expert, and 3 peer-reviewers. 
Mobile game "Brainchemist" assessed by 5 chemistry teachers and 25 high school students 
using questionnaire with Likert scale. The assessment was based on 5 aspects, they were subject 
matter, language, operating process, audio visual, and software design. The data were analyzed 
to determine the quality of mobile games in accordance with the table of ideal criteria 
assessment. In addition, the results of the assessment were also obtained data on how student 
responses to the mobile game. 

The product of this study is mobile game "Brainchemist" on reaction rate and chemical 
equilibrium in Android Application Package file format (.apk). This game presents in Indonesia 
language and can only be operated on the mobile phone with Android operating system. This 
game was developed using Eclipse Indigo program with Java programming language. 

Mobile game "Brainchemist" is a two dimensional game in the form of quiz, containing 
questions for practicing and for helping the understanding of reaction rate and chemical 
equilibrium. The material presented in this game was adapted from Chemistry Content 
Standards by Badan Standar Nasional Pendidikan (Indonesian: National Education Standards 
Board). It is all about reaction kinetics, chemical equilibrium, and factors that influence it. 
Figure 2 showed some game display and available menu button. 
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Figure 2. Mobile game “Brainchemist” display 
 

Mobile game "Brainchemist" present in an attractive and colorful layout. The images, 
sound effects, music, and game rewards also enhance its attractiveness. Mobile game 
"Brainchemist" consist of 5 sub-games, they are sub-games of reaction rate, factors affecting the 
reaction rate, reaction order, Le Chatelier’s principle, and equilibrium constant. Question type in 
the sub-game reaction rate is right-wrong questions, while the sub-game reaction order is short 
field questions. Other 3 sub-games are presented in multiple choices type of question. 

Each sub-game provides an option game with a fight against the clock or without 
against the clock. The time allocated for playing the game was different for each sub-game, 
depending on the level of difficulty of the questions presented. Each game set consists of 5 
questions that come out randomly according to available question bank. Feedback right or 
wrong answers immediately appear when one question has been answered. After answering five 
questions, resume game results will appear to show rewards, scores obtained, and a discussion. 

The results of the quality assessment of mobile game "Brainchemist" by chemistry 
teacher shows an average score of 110.6. Based on the assessment ideal criteria table, this score 
qualifies Very Good because it lies within the range of scores  > 105. Maximum score mobile 
game quality assessment "Brainchemist" by teachers is 125, so the average score of 110.6 
indicates the ideal percentage of 88.48%. Details of quality assessment results by chemistry 
teachers can be seen in Table 1. 

Table 1. Quality Assessment of Mobile Game "Brainchemist" 
by Chemistry Teacher 

No 
Assessment 

Aspect 

Average 
Score 
(  

Range 
of Score 

Quality 
Categories 

Maximum 
Score 

Ideal 
Percentage 

1. Subject matter 27.2  > 25.2 Very Good 30 92.33 % 
2. Language 8.6  > 8.4  Very Good 10 86.00 % 
3. Operating Process 17.8  > 16.8  Very Good 20 89.00 % 
4. Audio and Visual 34.2  > 33.6  Very Good 40 85.50 % 
5. Software Design 22.8  > 21  Very Good 25 91.20 % 

Overall Score 110.6  > 105  Very Good 125 88.48 % 

         
 Main Menu Sub-game Sub-game Menu 
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Quality mobile game "Brainchemist" is also rated by the students, but without including 

aspect of subject matter. The result of the quality assessment by the students shows an average 
score of 80.76. Based on the ideal assessment criteria table, this score qualifies Very Good 
because it lies within the range of score  > 79.8. Maximum score mobile game quality 
assessment "Brainchemist" by students is 95, so that the average score of 80.76 indicates the 
ideal percentage of 85%. Details of student assessment results can be seen in Table 2. 

 
Table 2. Quality Assessment of Mobile Game "Brainchemist" 

by High School Student 

No 
Assessment 

Aspect 

Average 
Score 
(  

Range of 
Score 

Quality 
Categories 

Maximum 
Score 

Ideal 
Percentage 

1. Language 8.16 6.8< ≤8.4 Good 10 81.60 % 
2. Operating Process 17.16  > 16.8  Very Good 20 85.80 % 
3. Audio and Visual 34.04  > 33.6  Very Good 40 85.10 % 

4. Software Design 21.40  > 21  Very Good 25 85.60 % 
Overall Score 80.76  > 79.8  Very Good 95 85 % 

 
The comparison of the ideal percentage of each aspects in quality assessment of mobile 

game "Brainchemist", both based on the chemistry teachers and high school students is 
presented in Figure 3. 
 

  

   
Figure 3. Ideal Percentage of Mobile Game “Brainchemist” 

 
Data of student’s responses indicate that mobile game "Brainchemist" is interesting, joyfull, and 
make chemistry learning more attractive. Although the subject matter presented in the mobile 
game is limited and can not be used to measure mastery learning, generally this game can be 
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used as a learning media that support the learning process for reaction rate and chemical 
equilibrium. This game has met the criteria of good learning media according to Mulyanta, they 
are relevance, convenience, attractiveness, and benefit. 
 
 
CONCLUSION 

Mobile game “Brainchemist” as chemistry learning media for senior high school on 
reaction rate and chemical equilibrium has successfully developed through analysis, design, 
development, and implementation steps. Quality of mobile game "Brainchemist" as chemistry 
learning media based on chemistry teacher assessment shows an average score of 110.6 Based 
on the ideal assessment criteria table, this score qualifies Very Good because it lies within the 
range of scores X� > 105. Maximum score mobile game quality assessment "Brainchemist" by 
teachers is 125, so the average score of 110.6 indicates the ideal percentage of 88.48%. Quality 
of mobile game "Brainchemist" as chemistry learning media based on high school student 
assessment shows an average score of 80.76. Based on the ideal assessment criteria table, this 
score qualifies Very Good because it lies within the range of score X� > 79.8. Maximum score 
mobile game quality assessment "Brainchemist" by students is 95, so that the average score of 
80.76 indicates the ideal percentage of 85%. Based on this assessment, the mobile game 
"Brainchemist" fit for using as chemistry learning media for senior high school on reaction rate 
and chemical equilibrium. Students assume the media is interesting, joyfull, and make chemistry 
learning more attractive. 
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ABSTRACT 
 

This study aims to describe the ability of metacognitive self-regulation of XI grade 
students of SMAN 2 Lamongan after implementation guided inquiry learning model on 
reaction rates material. One group pretest-postest design was used in research. Students in 
XI grade of SMAN 2 Lamongan as result subject. Metacognitive Activities Inventory 
(MCA-I) used as pretest and postest instruments while achievement, metacognitive  test 
and interviews test were conducted in the end of learning. Non-test instruments were 
class management and students activities observation sheets. The results showed that the 
students self-regulation has increased especially in monitoring, followed by evaluating 
and planning skill. As many as 66.67% students in low level jump to moderate and 
13.04% students in moderate jump to high level. This result are supported with students 
learning outcomes that can reach classically mastery of learning is 86.11%, metacognitive 
test and interview that show same level as in MCA-I data, students activities during 
learning shows that the activities support self-regulation in monitoring skill dominantly, 
implementation of guided inquiry is effective with good and very good criteria, so it can 
promote metacognitive self-regulation. 
 
Keywords: guided-inquiry, metacognitive self –regulation 

 
 
INTRODUCTION 
 Quality of education in Indonesia so far remained much improved in comparison with 
the quality of education in other countries. One of the data about quality of education related to 
the Human Development Index (HDI). HDI data released by the United Nations Development 
Program/ UNDP on November 2, 2011, it appears that Indonesia is in the bottom rank among 
the ASEAN countries. Indonesia is categorized as a country with the Medium Human 
Development and only ranks 124 of 187 countries in the world. 
 Indonesia's lack of achievement has been the concern of many educators. The 
government has organized the improvements improve the quality of education. But it seems not 
give satisfactory results. These results should be recognized for education in Indonesia is only 
visible from the ability to memorize facts, concepts, theories or laws. Although many children 
are able to present a good level of memorization of the material it receives but in fact they often 
do not understand the substance of the material (Pusat Kurikulum Badan Penelitian Dan 
Pengembangan Departemen Pendidikan Nasional, 2007). Students' lack of understanding is 
also because students do not have the awareness about how to learn (Pusat Kurikulum Badan 
Penelitian Dan Pengembangan Departemen Pendidikan Nasional, 2007). If students are able to 
understand how to learn or understand how to apply metacognitive skill when studying a variety 
of subjects including chemistry then received information can transfer into long-term memory 
and will be more meaningful. 
 Based on the results of student questionnaire on metacognitive abilities, as much as 
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14.28% of students who use the planning skills, 17.85% of students who use the monitoring 
skill, and 25% of students who use evaluating skill. Beside that, results of interviews with 28 
students of SMA Negeri 2 Lamongan in Class XI IPA 5 as much as 53.57% of students stated 
that the reaction rate of the material is a difficult material. 
 Generally, based on the results of student questionnaire above , shows that the self - 
regulatory metacognitive skill of students of class XI IPA 5 SMAN 2 Lamongan is still low with 
a percentage of less than 50%. This is because there are now learning chemistry is still not able 
to develop metacognitive skill of the students' self-regulation. Based on the above explanation, 
it seems clear that the related process of learning, metacognitive skill which includes planning, 
monitoring, and evaluating skills should always be empowered. One of the ways is through the 
implementation of Guided Inquiry Learning Model. 
 Guided inquiry learning model is chosen because it needs active role of students in 
learning so that students are expected to use metacognitive abilities as much as possible and also 
in implementation of guided inquiry, the teachers still provide direction and guidance to the 
students. And it absolutely makes the students become more focused on the process of 
investigation conducted. 
 Based on the background above, the problem can be formulated: 1). How about 
activities of students in XI grade SMA Negeri2 Lamongan after implementation of guided 
inquiry learning model in reaction rates material? 2) How about feasibility of guided inquiry 
learning model in reaction rates material in XI grade SMA Negeri 2 Lamongan? 3). How about 
learning outcomes of students XI grade SMA Negeri 2 Lamongan after implementation of 
guided inquiry learning model in reaction rates material? 
 The purpose of this research: 1). To describe activities of students in XI grade SMA               
Negeri 2 Lamongan after implementation of guided inquiry learning model in reaction rates 
material  2) To describe feasibility of guided inquiry learning model in reaction rates material in 
XI grade SMA Negeri 2 Lamongan  3)To know learning outcomes of students XI grade SMA 
Negeri 2 Lamongan after implementation of guided inquiry learning model in reaction rates 
material. 
Research Method 
 This research is a pre-experimental design with the objects are students of XI Grade of 
SMAN 2 Lamongan. The design study is one group pretest-posttest. The design of this study 
can be described as follows: (Sugiyono, 2010: 75) 
 
     
 

Explanation: 
O1 : Pretest score of metacognitive self- regulation of students 
X : Treatment 
O2: Postest score of metacognitive self- regulation of students  

Learning device used in this study were developed by the researchers themselves which will be 
validated by the chemistry lecturer. The device consists of: a) Syllabus b) Lesson Plan c) 
Students Worksheet 
While the research instrument used in this study include: a) Metacognitive Activities Inventory 
(MCA-I) b) Metacognitive skill test c) Interview Sheet d) Observation sheet e) Students 
Learning Outcomes Test. 
Data analysis that is used in this research is explained below: 
a. Analysis of MCA-I 
 There are two techniques of analysis used in this study, which is the first quantitative 
data analysis techniques to determine whether there is any effect of implementation of guided 
inquiry learning model of the metacognitive self-regulation skill of students. Previously 
calculated values of metacognitive self-regulation skill of students with the following 

O1  X O2 
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procedures: 
1) The score of students' metacognitive self - regulation is obtained by calculating the total score 
of the students' answers on the Likert scale (always to never). For items positive always answer 
get the score 5, Often get the score 4, sometimes get score 3, seldom get score 2, and never get 
score 1. As for the negative items have a value that is the opposite of the positive items. 
2) Calculate the average score of metacognitive self-regulation skill of students from the pretest 
and its standard deviation. The measurements using the formula (Sudjana, 2005): 

                                                          �̅ =
 ��

�
................................................................(1) 

with: 
�̅ = average score of metacognitive self-regulation 
 �� = total of students metacognitive self-regulation score  
n = number of students    

While the standard deviation (SD) was measured by using the formula (Sudjana, 2005):  

                                                       s=�
 (����̅)�

���
.................................................................(2) 

with: 
�� = the data score of student i 
�̅  = the average score of the overall metacognitive skill 

3) Grouping students into three level, namely (Pulmones, 2007): 
a. Low-level with a range of values (minimum average score until ≤ ((-SD)+ �̅)). 
b. Moderate-level with a range of values > ((-SD)+�̅ until ≤ (�̅ +(SD)). 
c. High-level with a range of values > ((�̅ + (SD) until > ((�̅ + (SD) s/d nilai maximum average 

score). 
4) Calculate the average of the students' metacognitive ability posttest results using the formula 

(1). 
5) Comparing the average value of the initial capability with the average value of the final 

capability. This is done by conducting a descriptive analysis of their skill in each component 
of the planning, monitoring, and evaluating. This description is supported by the results of 
interviews of representatives of each group of students and the level of metacognitive skill 
test results. 

6) Determine the average self-regulatory metacognitive capabilities include: planning, 
monitoring, and evaluating of all students by using the formula (1). 

7) Determine the components of which are crucial to the self-regulatory metacognitive skill of 
students, whether planning component, monitoring, or evaluating by looking at the average 
results. 

b. Analysis of Metacognitive Skill Test 
 It is analyzed by the way of students to do all of the question in this test.  Maximum score 

given to such questions is 4 and the minimum score given is 1. Then calculated the average 
score for that question then the results are grouped based on the criteria of the scale range of 
1.3 to each group as follows: 
Scores for high levels of self-regulation: 2.8 - 4.0 
Scores for intermediate level of self-regulation: 1.4 - 2.7 
Scores for the low level of self-regulation: 0 - 1.3 

c. Analysis of Interview Test 
 It is analyzed descriptively. 
d. Analysis of Students activities 
 Observations were made every five minutes during the learning takes place that dominant in 

a group. Students activities percentage is calculated by using formula below: 
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% category of students activities =              amount of each activity                         x 100% 
                                                           
           Amount of all activities in 90 minutes 

 
 
e. Analysis of Guided Inquiry Learning Model Feasibility 
 It is analyzed descriptively then determined the score of teacher’s activities by using scale 1-

5. The data is gain is analyzed to get the average of KMP (Kriteria Mengelola 
Pembelajaran) by using formula below: 

KMP =  

Then the score is converted to the criterion shown below: 
No. Score Criterion 
1 0-1,1 Very bad  
2 1,1-2,2 Bad  
3 2,2-3,3 Enough 
4 3,3-4,4 Good 
5 4,4-5 Very Good 

f. Analysis of Students Learning Outcomes. 
It is analyzed to know mastery of students. Classically, a class is said to pass the study if there is 
a minimum of 75% of students who had received grades ≥ 80 according to the Complete 
Standard Minimum value set at SMAN 2 Lamongan for chemistry subjects was calculated as 
follows: 
Student learning outcomes = (Score obtained) / (maximum score) x 100 
DISCUSSION  
a) Metacognitive Self-Regulation Skill of Students 

 
 

Generally, there is an increase from pretest score to posttest score of students’ metacognitive 
self-regulation skill. The students self-regulation has increased especially in monitoring, 
followed by evaluating and planning skill. As many as 66.67% students in low level jump to 
moderate and 13.04% students in moderate jump to high level b) Students’ activities recorded 
some decline and rise of the meeting 1, 2, and 3. Most of the activities of the student 
demonstrate their metacognitive self-regulation skill. c) Feasibility of guided inquiry learning 
model is effective, based on the average score at meetings either category 1 (3.75), meeting 2 
and 3 including the excellent category (4.52 and 4.53) d) Learning Outcomes of Students 
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No. Characteristics Test Result 
1. Number of Students 36 
2. Number of incompleteness 

students  
31 

3. Number of completeness 
students 

5 

4. Classically mastery learning 86,11% 
 
CONCLUSION  
 Metacognitive self-regulatory ability of students has increased, especially in the 
aspect of monitoring, evaluation and follow aspects of the lowest on the planning aspects. A 
total of 66.67% of students low group category, go to the middle group and 13.04% of students 
get into the middle class category groups the high group category. Metacognitive ability test 
results and interview students showed levels of self-regulatory metacognitive abilities of 
students in accordance with the results of the MCA-I. Percentage of student activity dominant in 
activities that support the monitoring aspect. Feasibility study in the form of a teacher's ability 
to manage the learning gets good and excellent categories that support the improvement of self-
regulation metacognitive abilities of students. Students learning outcomes achieved by classical 
completeness percentage of 86.11% . 
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ABSTRACT 
 

The aims of this research are to develop learning kit to improve characters and critical 
thinking skills of students. This research is designed based on research and development 
model (R & D) and focused on development, and limited trial. Instruments used are 
validation sheet for lesson plan/Satuan Acara Perkuliahan (SAP), assessment sheet of 
accomplished SAP, observation sheet of student activity, observation sheet of character skill, 
abservation sheet of self assessment character skill, and quetionarre sheet of students’ 
respon. Validation sheet is analyzed using Likert scale, and the others are analyzed using 
descriptive method. The results show that learning kit for Stoichiometry in General 
Chemistry lecture feasible to use and can improve students’ criticalthinkingskill, butnot so 
significant. Thatisrelevanttostudents’ activity record that shows lack of askingactivity. 
Therefore, goodcharáctershowedbyallstudentsduringthelecture. 
 
Keywords: critical thinking, character, chemistry 
 

 
INTRODUCTION 

One of Indonesia’snational development mission is to create a nation with great 
competitiveness. Priority of this mission is increasing human resources quality (RJPN 2005 – 
2025). This statement is clarified with others policy below it, such as vision of strategic plan 
Kementrian Pendidikan Nasional on 2010-2014 are  improving professionalism human 
resources on education and providing learning facility. The strategic goal of Direktorat Jendral 
Pendidikan Tinggi is provide great quality of high education as required by national 
development demand. More specific, the goals of strategic plan of Universitas Negeri Surabaya 
are to improve (1) continuing science and education to create professional educational human 
resources, (2)  elementary and midlle school, and (3) high quality learning kit for elementary 
and middle school (Unesa, 2011). Thus policy headed to great plan to improve human resources 
to face global competition on 21st  century. That could be done by giving high quality learning 
to Indonesian students to improve their thinking skill. 

On the other hand, found the fact how Indonesian students are and what skill that 
require nowadays. PISA and TIMSS studies shows that education should improve not only 
routine manual and routine cognitive, but also complex communication and expert thinking 
skill. The result of this study was known that Indonesian students were lack of expert thinking 
skill. Five skill measured by TIMSS test are (1) Understanding Simple Information,  (2) 
Understanding Complex Information, (3) Theorizing, Analyzing, and Solving Problems,  (4) 
Using Tools, Routine Procedures, and Science   Processes, (5)  Investigating the Natural World. 
Skills  (2), (3), (4), dan (5) are indicator for expert thinkingand we got low score for thus. 

High order thinking skill concept on this paper would is refer to 21st century 
skillsconcept that have been studied in USA  The Partnership for 21st Century Skills (P21) 
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established on 2002 as a coalition that unite society of businessman, educator, and legitimator to 
study how important 21st century skills for all student is. That partnership presented a viewpoint 
for 21st century teaching and learningand well known as 21st Century Students Outcomes dan 
Support Systems. Nowdays, it has been realized that innovation and learning skills give the 
differences between the ready to work student and the other one. Focused on creativity, critical 
thinking, problem solving, learning strategies, communication, and collaboration are essential 
subject to prepare strudents’ future. 

The low level of thinking skill of Indonesian people did not mean that they have no 
potential thinking skill. Research result of PSMS Unesa showed that low skill was just 
happened because they had no occasion to learn it. Habitually, teachers make learning activities 
based on national exam latticework. As we knew, this latticework was not represented all skills 
the students should have to graduate (Nur, 2008). 

In line with that, a research to train process skill for deaf students have been done 
(Poedjiastoeti, et.al.,2007; Poedjiastoeti, S., 2008). The result of this research showed that, deaf 
student could master process skill in chemistry learning by using learning kit and interactive 
multimedia. Learning kit was designed with writing to learn strategies to accommodate their 
inability to hear. This learning kit consisted of worksheet to do some experiments. Writing to 
learn strategies gave opportunity to them for expressing their thought. Interactive multimedia 
was designed with more visual stimulus and attractive motion. In addition, it contained 
chemistry daily activities and phenomenons to give experience learn from daily life for students. 
Both of them, learning kit and interactive multimedia, used hand signal language to accomodate 
students need.Process skll trained was basic process skill, such as observing, measuring, 
recording data, and applying procedure. at the end of research we knew that they could master 
process skill and had ability to be traind higher level thinking skill. 

By training higher level of thinking skll for students’ university, hoped that would result 
professional educational human resources. Furthermore, they would teach younger generation 
with good thinking skill, as required. Based on this reason, this research, focused on critical 
thinking and character skill. The aims of this research is to create learning kit model is that can 
teach critical thinking an character skill in Stoichiometry topic of General Chemistry Lecture. 
 
METHOD 

This research planned based on research and development (R & D) method. The phase 
of research and development design are preliminary study, development, and limited trial phase 
(Sukmadinata, 2010). Instruments used are validation sheet for lesson plan/Satuan Acara 
Perkuliahan (SAP), assessment sheet of accomplished SAP, observation sheet of student 
activity, observation sheet of character skill, abservation sheet of self assessment character skill, 
and quetionarre sheet of students’ respon. Instruments analyzed using description method. 
Likert’s scale was used for validation sheet, and percentage was used for the others. Table 1 
shows the Likert’s scale. 

Table 1 
Score Criteria 

0,0 – 1,0 Poor 
1,1 – 2,0 Enough 
2,1 – 3,0 Good 
3,1 – 4,0 Very good 

(Riduwan, 2005) 
 
RESULT AND ANALYSIS 
Learning Kit for General Chemistry 

Validated syllabus and SAP of Stoichiometry in General Chemistry lecture implemented 
on real lecture for bachelor degree class of Chemistry Education 2013. Developed learning kit 
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designed for topic Stoichiometry and refered to main competency:  (1) Using ICT in learning 
process;  (2) Mastering base concept in General Cemistry; (3) Desaining and doing an 
experiment; and (4) Responsibility in mastering concept and experiment. Stoichiometry topic 
elaborated to 4 subtopics, (1) definition of stoichiometry, (2) calculation of stoichiometry, (3) 
limitting reactant, and (4) percent yield (Glencoe Science Chemistry Matter and Change, 2002; 
Brady, 2004; and Chang, 2005). First of all, the students learned sciencetific method and 
properties of matters. 

SAP was planned for three lecture, on the 7th, 8th, and 9th lecture of General Chemistry. 
On 7thlecture,students studied the definition and calculation of stoichiometry. At the beginning 
of lecture, they’ve done the structural task about reaction between vinegar and baking soda 
based on LKM – 1. Using dialy material aimed to related theory on lecture with their life. 
Students found that there is quantitave relationship between number of reactants and the number 
of products they got. Therefore, students could identify problem formula, explain the aims, give 
hypothesis, and determine variables (manipulation, respons, and control variable). Given 
hypothesis tested through experiment. Because of that, student should determine what material 
needed on their experiment based on the procedural instruction. While experimenting, hoped 
that students could organize the data they got and followed by good analyzing, so they could 
give the right conclusion. Through this activity, students’ critical thinking and character skill 
would be trained. 
 As well on 8th lecture, it began with practical task given on 7th lecture. The aim of the 
task was to find relationship between calculation of stoichiometry with limiting reactant based 
on LKM – 3. This activity would stimulate student to improve their process skill. In addition, 
stoichiometry concepts would be trained using LKM – 2 about definition of stoichiometry,  
calculation of stoichiometry, and LKM – 4 for limitting reactant, and percent yield.The last 
lecture, 8th, held test to measure students’ comprehension for stoichiometry concepts using 
critical thinking problems, and psychomotoric skill of using buret.  
 Result and analyze learning kit consist of: (1) accomplishment of SAP, (2) students’ 
activity on lecture, (3) result study,  (4) observed and self-assesment character skill,and (5) 
students response. 
1. Accomplishment of SAP 

The SAP developed was designed to improve students’ critical thinking and chacarter 
skill through General Chemistry Lecture on Stoichiometry topic. The validation of learning kit 
developed showed that it ‘s feasible to use and could be used for testing. While testing, the 
accomplished of SAP was observed of two observer. Observation result showed SAP have been 
done well as written on Table 2. All learning step was done well. 

 
Table 2. The Accomplishment of SAP 

Learning step Lecture7the Lecture8the 
Acc N-Acc Score Acc N-Acc Score  

Preliminary phase       
1. Opening lecture and doing class setting √  3 √  3 
2. Doing apperception  √  4 √  3,5 
3. Motivating student √  5 √  4 
Main phase       
4. Guiding the observation of the result of 

structural task (experiment)  
√  3,5 √  4 

5. Guiding discussion of the result of 
structural task (experiment) 

√  1 √  4 
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6. Giving accentuation for the conclusion 
of the result of structural task 
(experiment) 

√  3 √  2 

7. Giving information  √  4 √  3 
8. Applying given information √  3,5 √  2 
9. Guiding students work on team √  3 √  3,5 
10. Guiding students present their 

discussion result 
 

√  4 √  4 
 

 
Learning step Lecture 7th Lecture 8th 

Acc N-Acc Score Acc N-Acc Score  
Finishing phase 
11. Guiding students summarize their 

discussion result 
√  2 √  3 

12. Giving reinforcement for the best team √  3 √  3 
13. Giving structural task for next lecturer √  4 √  3 
Note: Acc :accomplished  N-Acc : not accomplished 

 
Critical thinking skill was trained through LKM – 2: Stoichiometry Calculation and 

LKM – 4: Determine Limitting Reactant and Percent Yield that have been done on team, there’re 
7 teams. Not all of critical thinking component was on thus LKM, it just used the one which are 
relevant to Stiochiometry topic. They are: 1) interpretation (significant coding), 2) analyzing 
(analyzing argument), 3) evaluation (evaluating argument), 4) interfering (interfering 
alternatives and making conclusion), and 4) explanation (explain result). The result of LKM – 4 
showed on Table 3. 

 
Table 3. LKM – 4 Determine Limitted Reactant and PerccntYield 

No. Critical Thinking 
Component 

Description 

A.1 Explanation/ 
Explain result 

Well done by all team, average score 4.4/5 

A.3 Interpretation/ 
Significant coding 

Well done by all team, average score 5/5 

A.5 Interpretation/ 
Significant coding 

Almost all teams made mistake on it 

B.1 Interfering/ 
Interfering alternative 

Some teams gave the wrong answers, just two teams done 
it well 

B.3 Evaluation/ 
Evaluate argument 

Some teams gave right answers along with good argument 

C.4 Explanation/ 
Explain result 

Well done by almost all team 

C.5 Interpretation/ 
Making conclusion 

Some teams haven’t done it yet, so the result could not be 
analyzed 

 
LKM – 1 :Reaction between Acetic Acid Solution and Baking Soda and LKM – 

3:Reaction between Sodium Carbonat Solution and Plumbum (II) Nitrat Solution designed to 
improve students’ process skill. Considering that chemistry is science, which is developed from 
experiments, so chemical experiment was used on this lecture. Because of that, learning and 
assessment for chemistry should concern scince characteristic as a product and process. 
(Ibrahim, et al, 2010).In addition, students’ ability of process skill could be observed  through 
assessment of experiment report. The process skill are formulating problem, making hypothesis, 
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determining variable, organizing data, and making conclusion. The report sent on softfile format 
to familiarize using ICT for lecture. Generally, their process skill increased in LKM – 3, because 
they made a reflection in LKM – 1, so they could revise the wrong one. Increasing process skill 
showed on Table 4. 

 
Table 4. Increasing Students’ Process Skill 

Process Skill 
Component 

LKM – 1 : Reaction between  
Acetic acid solution and 

Baking soda(s) 

LKM – 3: Reaction between  
Sodiumcarbonat solution and 
Plumbum (II) Nitrat solution 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Formulating problem - √ √ √ - - - √ √ V √ √ - - 
Making hypothesis √ √ √ √ √ - - - - √ √ √ √ - 
Determining variable √ √ √ - √ - √ √ √ √ √ √ √ √ 
Organizing data √ - - - - - - √ √ √ √ √ √ √ 
Making conclusion - √ - √ - - - - √ √ √ - - - 
 
Students’ character skill improved by doing activities through cooperative learning that focused 
of being polite, honest, and accurate. Students learned to be polite when discussion was held. 
They learned to be honest when reporting the result of team discussion and the result of 
experiment. On other side, they learned to be accurate when solving the problem in LKM. 

 
2. Students’ Activity 

Students’ activity was observed by two observer. It was not a general observation, every 
observer just observed a  
team and their member. Figure 1 shows the activity score for 10 students during the lecture. 

Based on that, can be stated that students’ activity on 7th lecture better that on 8th lecture. 
On 7th lecture, all students was so active and marked good activeness score (>0.5 of 1.0), but 
just one students was marked active with activeness score >0.5 of 1.0. Based on observers’ note, 
on lecture 7th all students did a experiment. For addition, on 8th lecture, the team gave 
presentation. The complete result showed on Figure 1 and Table 5. 

 

 
Figure 1. Students’ Activity 

 
Based on Table 5 known that the worst is asking activity, both of mutual questioning on 

preliminary learning and discussion. The students needed more guidance to improve how to 
communicate the ir idea which is one of process skill components.  
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Table 5. Students’ Activity 
N
o 

Activities 
% 

7th lecture 8th lecture 
1. Doing mutual questioning about preliminary concept 0 0 
2 Observing the result of structural task 100 100 
3 Doing mutual questioning about structural task 10 10 
4. Apllying concept on given problems 100 100 
5. Discussing on team 100 100 
6. Presenting the result of team discussion 100 0 
7. Doing mutual questioning about the result of team discussion presented 20 0 
8 Doing experiment 100 - 

 
3. Observation and Self-Assesment Character Skill 

Character skill of 10 students observed by two observers. Their result would be 
compared with students’ self assessment. Go on Table 6 for complete result. 

Generally, while lecturer students showed good character skill, especially for being 
accurate. All of observed students did the task as it instructed, solving calculation problem based 
on the steps, and reporting perfectly. But, this good result should be compared with students’ 
result study, both of in example problem and comprehension test. 

Students’ needed more improving for their honest to communicate their own argument 
and the habit for raising hand before giving argument. The score for thus two activity was not so 
good, but it didn’t mean that they lack of character. In some cases, found that students’ too shy 
or too afraid to communicate their idea, question, or argument, so they asked the other to do it 
for them. This habit could be classified as not being honest. This type of students did not have 
good process skil, considering that communicating skill is one of process skill component. In 
addition, by doing that, they would classified as unactive students (Lickona and Davidson, 2005 
& Facione, 1990). 

 
Table 6 Students’ Character Skill 

Character Skill Components 
(%) 

7th lecture 8th lecture  
Honest 

1. Reporting the result study include the references 100 100 
2. Reporting the observation result as it found in fact 100 100 
3. Communicating their own opinion 60 60 
Polite 

1. Being good listeneron group disscussion 100 100 
2. Not cutting off the others word roughly 100 100 

3. Raising hand before asking or giving argument 40 20 
Accurate 

1. Doing the tasks as it instructed 100 100 
2. Solving calculation problem follow the steps 100 100 
3. Reporting result of the task correctly as instructed 100 100 

 
4. Students’ Result Study 

Students’ result study consist of: (1) mark of pretest and posttest for stoichiometri 
comprehension and critical thinking skill, and (2) psychomotoric skill. Based on data, known 
that students’ stoichiometry comprehension was improved. Average rate 18.6 for pretest increase 
to 56.29 in posttest.Although it significantly increased, but it’s not good enough. Because 
number of students that not passed the standart (grade C, >56 rate) is 19 of 38 students.  In 
depth, 18 students got >55 rate, the highest rate is 89and the lowest is 39 of 100 rate. It showed 
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how heterogenous the class is. Pretest andposttest rate analyzed to know students’ critical 
thinking skill on Stoichiometry topic. The result of this analysis showed on Table 6.  

Almost all of thus critical thinking component showed increasing. It meant this learning 
kit can improved students’ critical thinking skill. For addition, most of students are usual using 
shortcut steps to solve the stoichiometry calculation problems in pretest, so they got some 
difficulties to solve it with the right steps. So, it’s a homework rof next research to make 
morehighlite for preliminary concepts to avoid misconception. Not all of critical thinking skill 
was trained on this lecture, but only some relevant critical thinking skill. Actually, there are six 
critical thinking skills and the subtopics included. They are (1) interpretation (classifying, 
signcificancy coding, clarifying); (2) analyzing (studying ideas, identifying argument), (3) 
evaluation (evaluating claim, evaluating argument); (4) interferring (questioning proof,  looking 
for alternative, making decision), (5) explanation (giving result, approving procedure, giving 
argument); and (6) self regulation (studying their self, evaluating her self) (Lai, 2011) 

 
Table 6. Students’ Critical Thinking Skill Based on Stoichiometry Comprehension Test 

No. 
Critical Thinking Component 

Score 
Pretest Posttest Pretest Posttest 

2 a 1 a Interpretation/ significancy coding 0,97 0,93 
2 b 1 b Interfering/looking for alternatives 0,15 0,75 
5 2 Interferring/making conclusion 0,17 0,50 
9 5 Interferring/making conclusion 0,05 0,63 
11 6 Explanation/explain argument 0,15 0,51 
12 8 Interferring/making conclusion 0,04 0,27 

 
5. Students’ Response 

Through students’ response would be known how the student responed during lecturer. 
It said that most of the command for thinking critically and behaving in good character was 
received well by the students. Students’ crtical thinking skill needed more improvement through 
every lecturer they’ll do. Their character skill for being honest, polite, and accurate were good 
enough and needed more improvement for the others component of character skill. So, it needs 
to keep integrating character skill in every lecturer. 
CONCLUSION 
The testing result of developed learning kit showed that it could improve students’ critical 
thinking but not so significant. In line with the the lack of students’ asking activity  in other 
hand, students’ gave good mark for polite, honest, and accurate character skill. 
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Abstract 

The aim of this study was to prevent misconceptions of senior high school students on 
chemistry concepts using several inquiry-based learning models. The meaning of 
prevention in this research was the proportion of students misconceptions smaller than 
the proportion of students knowing concept. Chemical concepts that learned and/or tested 
were the properties of colligative solution, chemical equilibrium, redox reactions, and 
reaction rate. The implemented inquiry-based learning models were guided inquiry, open 
inquiry, modified inquiry, and LC 7E. The combination of the implemented model and 
learned concepts produced 6 (six) learning packages. The targets were students in 6 (six) 
of representative Senior High Scholl in 6 cities as Unesa target areas (Surabaya, Sidoarjo, 
Sumenep, Gresik, Bojonegoro, and Jombang). During the implementation used one group 
pretest posttest design. The results revealed that : (1) the student conception in six cities 
before the teaching learning was dominated by student without knowing concept and by 
student with misconception potential; (2) from 6 (six) implemented learning packages 
showed the variety of student misconception, namely 11.00%; 14,80%; 11,5%; 18,5%; 
22,0%; and 11,1%  respectively. All these percentage were smaller than the percentage of 
student knowing concepts. 
 
Key words: misconception, guided inquiry, open inquiry, modified inquiry, LC 7E 

 
 
INTRODUCTION 
 
Misconception is the most interesting phenomenon in learning to be investigated. 
Misconceptions on various chemistry concepts have occurred on high school students. This fact 
was found in Turkey (Demircioglu et al., 2005) and also in other countries where it is reported 
as Cheung (2008), Camacho & Good (1989), Banerjee (1995). In Indonesia, especially in the six 
districts/cities included intarget areas of Unesa (Sumenep, Surabaya, Sidoarjo, Gresik, 
Bojonegoro, and Jombang) the same facts were also found (Rohmawati and Suyono, 2012; 
Delhita and Suyono, 2012; Arif and Suyono, 2012). These findings strengthen the statement 
ofBarke et al. (2009) that a number of chemical concepts are often understood by the students' 
misconceptions. The misconception has become globalized problematic. 
 
The burden misconception born by the student has to be handeled together, college intervention 
(LPTK) is needed to assist teachers in senior high school. Repairing misconceptions is not easy, 
as said Barke et al. (2009), but the stakeholders who committed to the quality of education in 
Indonesia should not disregard on this phenomenon. Efforts to reduce chemistry misconceptions 
in high school students have also been conducted by various parties or researchers, but have not 
reached a wider target and involve chemistry teachers who are in the target schools. Through 
funding sources ofDitlitabmas decentralization (TA 2013), researchers have conducted 
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dissemination for prevention and remediation models of chemistry misconceptions on high 
school students in six districts/cities as mentioned above. Prevention of chemistry 
misconceptions used several inquiry-learning based model, while remediation which is 
consecutive stages of prevention stage used learning strategies based on conceptual change 
strategy. This article will only reports a summary of the results of the prevention phase. The 
selection of learning models to prevent student’s misconceptionsis very important. This is in 
accordance with Pekmez's instructions (2010) “the selection of teaching methods has an 
important factor in preventing students’ misconceptions.” 
Researchers tried to prevent chemistry misconceptions that often presented in high school 
students using the several inquiry based-learning model as researcher as researchers have argued 
as follows. By inquiry approach, students are given greater opportunities to learn chemistry 
concepts by netting (nested) common exercise of thinking skills that are commonly done 
by scientists, students are expected to comprehendthe way of scientists' working and thinking so 
gaining insight according to scientists understood, students have no chemistry misconceptions. 
Barthlow (2011) have shown positive results of this idea that through scientific inquiry learning, 
students' chemistry misconceptions can be replaced to the true concepts. 
The learning model known to accommodate the syntax or a series of scientific inquiry phases 
and selected to prevent chemistry misconceptions of high school students were: guided inquiry, 
open inquiry, modified inquiry and LC7E. Chemistry concepts that learned and/or tested 
includedcolligative properties of solutions, chemical equilibrium, redox reactions and reaction 
rate. The implemented learning model were guided inquiry, open inquiry, modified inquiry and 
LC 7E. The combination of the implemented learning models and learned concepts generated 6 
(six) learning packages as shown in Table 1. 
 
RESEARCH METHOD 

The research design used in this study was one group pretest-posttest design as presented 
in Figure 1. 

 
 O1 X1 O2  
 
 
Figure 1 Research Design 

Description: 
O1 = pretest, mapping student preconceptions before prevention phase  
X1 = treatment, learning topreventmisconception using inquiry-based learning 
O2 = posttest, mapping the students’ conceptions after learning topreventmisconception   
 
The research subject was senior high school students in chemistry classes determined as the 
implementation and dissemination classes. From every District/Municipal, one high school 
whichits teachers have positive responds and participate actively in conducting research aimed 
at the improvement of student's misconceptions.The High School name from each district/city is 
shown in Table 1.The level of implementation accommodatedlearning practices conducted 
by chemistry teachers (the university students who are researcher) who developed and tested 
learning packages and instrument package. The level of dissemination accommodatedlearning 
practices conducted by chemistry teachers in target schools. Chemistry teacher as dissemination 
actors (teacher disseminator) taught chemical concepts to students using scenarios and learning 
packages that have been developed by teacher implementer, absolutely by adjustments. Efforts 
to understand the learning packages, learning scenarios and learning materials through two 
activities: workshops andscanning. 
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In order the research findings representing the feasibility of learning packages, the quality 
oflearning process implemented by teachers and the instructional effect of learning packages on 
prevention, then it wasmade treatment replication as many as two replications. Every packet 
was applied in two implementation classes (the first and second research classes) and intwo 
dissemination classes (first and second research classes). First and second research classes were 
guided by the same chemistry teacher. To maintaining theresearch feasibility, implementation 
and dissemination activities of learning packages wereimplemented in high schools targets are 
listed in Table 1 by crossed, except to Surabaya city. For Surabaya city, SMAN 2 Surabaya as 
the research target for implementation while SMAN 22 Surabaya for dissemination. 
 
RESULT AND DISCUSSION 
Result 
The percentage data of students who potentially misconceptions (misconceptions profile at 
preconception status) and the percentage data of student misconceptions after learning process 
in every target schools are shown in Table 1. 

 
Table 1 Summary of Research Findings 
 

Learning 
Packages 

Target 
Schools/Teacher 
Name 

% MC 
Students 

Dissemination 
Schools/Teacher 
Name 

% MC 
Students 

Before  After Before After 
Guided 
Inquiry-
Colligative 
Properties of 
Solutions 

SMAN 2 
Surabaya/Rosalina 
Eka Permatasari 

16.2 11.0 SMAN 22 
Surabaya/Ida 
Kurniawati 

35.5 36.0 

Open 
Inquiry-
Chemical 
Equilibrium 

SMAN 1 Kebomas 
Gresik/Marjuki 

34.7 14.8 SMAN 1 
Sumenep/Maswiyanto 

25.6 31.9 

Modified 
Inquiry- 
Chemical 
Equilibrium 

SMA Neg 1 Kabuh 
Jombang/Arif Imam 
Subagyo 

37.5 11.5 SMA Neg Model 
Terpadu 
Bojonegoro/Purwanto 

49.5 38.5 

Modified 
Inquiry-
Redox 
Reactions 

SMAN 1 
Sidoarjo/Wahyu Juli 
Hastuti 

10.5 18.5 SMAN  Kabuh 
Jombang/Putut & Eko 

9.5 19.0 

LC7E-
Redox 
Reactions 

SMAN Model 
Terpadu 
Bojonegoro/Agus 
Sri Hono 

25.0 22.0 SMAN 1 Kebomas 
Gresik/Khotmatuz 
Zuhrufah 

26.5 23.0 

Guided 
Inquiry-Rate 
of Reaction 

SMAN 1 
Sumenep/Darminto 

25.2 11.1 SMAN 1 
Sidoarjo/Masrutji 
Handayani 

20.3 13.4 

Note: MCbefore learning process = potentially MC 
 
Additional data to complete the data in Table 1 is described as : (1) The structure of 
students’preconceptions  in all target schoolshad similarities. The structure of student 
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preconceptionsin a class consisted of student unknowing conceptsin the largest proportion, 
followed by the proportion of student misconceptionand the last wasknowing concepts. If there 
was a difference, only in the comparison of the proportion difference, but in the same order, (2) 
Prevention learning in the sixth learning packages has been implemented by the teachers, 
generally having very good quality and  (3) The structure of student conception after the 
prevention stagewas different.Learning the same chemistry concepts, using the same learning 
model, commonly being conducted by  the same teacher, using the same learning packages, and 
getting the same assessment of learning quality which was equally good, still generated the 
different structure of conception and even still leaved student’s misconception. 
 
Based on the data in Table 1, it can be concluded: (1) there is no classamong the target schools 
that is not populated by student misconception, (2) the percentage of student misconception are 
very greatly among the schools (one to another) and (3) after preventionusing inquiry-based 
learning in every target school, there isstill found a large percentage of student misconception, 
(4) inquiry-based learning implemented in some schools producesthe percentage of 
studentmisconception which is smaller than the percentage of students who previously could 
potentially misconception, but at some other schools just the opposite (5) inquiry-based learning 
actually has not yet prevented student misconception successfully to the lowest point. 
 
Discussion 
1. The Potential of Student’s Misconceptions 
Before participating formally in chemistry learningat school, a number of studentshave actually 
brought several certain concepts.There are several concepts which are accordance with scientific 
concept but some of those are also not.By relying to the experts’ statement that the initial 
conception is less complete or less perfect so it is needed to design a formal learning in schools 
aimed to fix that rudimentary of misconception. When students are not involved yet in formal 
learning,sothe student preconception which are not in accordance with the scientific concept 
should not be convicted asmisconception, the more appropriate term isthat students is stated 
have alternative conception (Barke et al. 2009). This study uses the term of potential 
misconception that is also known knowing and unknowing concepts.From the research 
data,before prevention, the structure of misconception (preconception) was dominated by the 
percentage ofunknowing concepts, the following percentage of student misconception and then 
knowing concepts. This fact almost happened at all learning packages that have been practiced 
included the learning packages1, 2, 4 and 6, except for the learning packages 3 and 5 which was 
dominated by the percentage of student misconception, the following percentage of unknowing 
concepts and then knowing concepts.When found the largest percentage of unknowing 
conceptsin the earlylearning process, it wasactually equity. The differences status of student 
misconception indicates that before learning process in the class, students have brought certain 
concepts into a scheme in their cognitive structure. Scheme in student’s cognitive structure 
would later take part in the process of assimilation and accommodation of new information. 
This is one of the important things that must be considered by the teacher. The teacher must 
know the potential of student conceptions and then attempt to awaken ourselves that all 
possibilities can occur as the result of assimilation and accommodation processes that apply to 
students of different schemes in their cognitive structure. By knowing the status of 
preconception students, teachers can use it in considering the learning plan, including the use it 
in the formation of cooperative groups. 

 
2. The Success of Prevention Using Inquiry-Based Learning Model 

Inquiry-based learning is proven to prevent student’s misconception while not maximum. The 
prevention efforts of student misconception conductedwell by teachers proven can actualize 
students who are potentially unknowing conceptsand misconceptionto turn into knowing 
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conceptat the end of learning process. When it is stillfound student misconception (potentially 
student misconceptionchange into student misconception) so that the advantages of inquiry 
learning have not been able to reconstructmisconception resistance that occurs in most students' 
cognitive structures. As known, misconception have resistant properties or difficult to change 
and tend to persist eventhough the students have been taught the concept in the right way, 
commonly way used by scientiststhat is scientific inquiry (Barke et al. 2009). 
 
3. The Unsuccessful Prevention of Chemistry Misconceptions on Student  
The positive facts as stated previously did not appear to the six practiced learning packages. The 
unsuccessful (students do not actualize themselves) was found to occur in some learning 
packages that is characterized by the fact that the implementation of inquiry learning still leaved 
percentage of student misconception even there has exceeded the proportion of student’s 
knowing concept. The number of student’sknowing concepthas been smaller than student 
misconception after prevention stage occurs at: (1) learning package 3, dissemination class was 
the first and second research classes and (2) learning package 4,dissemination class was the first 
and second research classes. Discussion of the phenomenon is that in term constructing the 
concepts, students assimilate and accommodate new experiences with the understanding is 
already exist in the cognitive structure.In the process of assimilation and accommodation, an 
anomaly can be created (Suparno 1997). The anomaly can be prevented by extending the 
exercise, the ways to construct a concept. According to Fogarty (1991), exercise the ways to 
construct a concept would be meaningful if it would be nested process skills (implementation of 
scientific approach) and thinking skills. The nested process skills and/or skills have been 
conducted as the integral part of is inquiry-based learning model used in to prevent student 
misconception. When there were still found a large number of student misconceptionbecause of 
having process skills, practical exercise of thinking in two or three meetings is really not enough 
to avoid the occurrence of anomalies in the student's cognitive structure. 
 
The concept is the result of human thought derived from the facts and phenomenastated in the 
definition (Dahar 2011). The concept are generalization of facts which is have the same 
characteristics (Ibrahim 2012). Students’ failure to build concepts (unknowing concepts) may be 
due to students fail to make generalizations based on the data to establish the definition by 
themselves (reading a textbook or through practical activities) or data provided by the teacher 
through paperworks given to students. Students’ failure in making generalizations may be due to 
the lack frequency ofthinking exercise at this level. Student’s failure to build a correct concept, 
in the sense that accordance with an agreed conception of scientists (students misconception) 
seems to be more influenced by factors derived from students. This statement is based on the 
opinions of experts in the fields of learning, the results of previous studies and facts currently 
that apply to the entire class of research on the entire learning packages which are implemented 
and disseminated. The essence of the experts’ statements in the field of learning associated with 
the source of misconceptions originating on students is that: (1) before being involvedin formal 
learning process at school, a student has brought a certain concept (preconception), which 
became a schematic in the cognitive structure showing the functions as the repellent filter of 
new knowledge deliberately intervened by teachers through learning so that students failed to 
improve their wrong conception, (2) student’s alternative conceptions were able to explain the 
problems that occurred (Suparno , 2006) so that students do not want to change it and (3) that 
student’s initial knowledge played an important role in learning (Suyono and Hariyanto, 2011). 
Muallifah (2013) and Ahmad (2013) found that students' preconceptions to be one of the most 
dominant factor which is recognized by students as a cause of failure to understand the concept 
correctly. The fact currently that apply to all research target classes on the entire learning 
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packages which is implemented and disseminated are that students' prior conceptions structure 
is still dominated by potential unknowing concepts and followed by potential student 
misconception. This means that the potential student can not be entirely prevented despite the 
prevention  have been carried out. That potency is real still stuck on students' cognitive 
structures. Scheme in the cognitive structure of students has not been functioning as the 
facilitator for the new knowledge gained through learning processthat found student 
misconception at the end of learning process. 

 
 
CONCLUSION AND SUGGESTION 
 
Conclusion 

 
1. The structure of students’ preconceptions in all research target schools had similarities. The 

structure of students’ preconceptions in a class consisted of potentially unknowing concept 
in the largest proportion, followed by the proportion of student misconception then knowing 
concept. If there was a difference, only in the comparison of the proportion difference, but in 
the same order. 

2. The structure of students' conceptions after the prevention phase is different. Learning the 
same chemistry concepts, using the same learning model, commonly being conducted by the 
same teacher, using the same learning packages, and getting the assessment of learning 
quality which was equally good, still generated the different structure of conception and even 
still leaved student misconception. 
 
Suggestion 

 
1. In learning practice, teacher should not assume that the identified preconceptionsas 

‘unknowing concept’and ‘misconception’ would just disappear as advised by Barke et al. 
(2009). In fact, after prevention, the students who endure the burden of chemistry 
misconception still exist. Chemistry teachers at school are always encouraged and facilitated 
to eliminate ‘unknowing concept’and ‘misconception’on students by finding an appropriate 
learning strategy for their students. The implementation of inquiry model to prevent 
studentmisconception still requiresdeep thought in order to gaining a repair mechanism of 
student conceptionwhich hopefully gives a most good result. 

2. Improvement of student misconception through remediation program are an inevitability 
because there is evidence that prevention efforts using various learning models 
recommended by various experts still leaves students misconceptions. According to Trumper 
(1997), a learning cored conceptual change can be considered as a strategy to reduce student 
misconception. 
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ABSTRACT 

 
This research is a development research in chemistry education. The aims of this 

research were (1) to develop android-based mobile learning media for chemistry learning 
in senior high school on acid base, buffer solution, and salt hydrolysis, (2) to determine 
the quality of mobile learning media based on evaluating by five chemistry teachers, and 
(3) to evaluate the quality and to measure the response of senior high school students to 
the media. 

The model of development was adapted from ADDIE (Analyze, Design, 
Development, Implementation, dan Evaluation) model. The early product was reviewed 
and commented by research supervisors subject matter expert , technology and 
information expert and, peer reviewers, and then revised. The revised product was 
evaluated and reviewed by chemistry teachers and was field tested by Senior High School 
students. The results of the evaluation was analyzed  to determine the quality of product. 

The result of this development research were android-based mobile learning 
media for chemistry learning in Senior High School  on acid base, buffer solution, and 
salt hydrolysis. This mobile learning media can be applied on Android mobile phone. 
Analysis data showed that the quality of the media was very good with ideal percentage 
of 89.40% based on chemistry teachers evaluations and was good with ideal percentage 
of 76.30%  based on students review. Students response that the media was interesting, 
joyfull, and attractive. In conclusion, the media can be applied very well for chemistry 
mobile learning media on acid base, buffer solution, and salt hydrolysis. 

 
Keywords: mobile learning media; android; and acid base 

 
 
INTRODUCTION 

Developments in science and technology drive the process of learning to be more 
applicable and attractive as an effort to improve the quality of education. In general, the learning 
process that takes place at this time is between the students face to face with students and 
teachers in the classroom (conventional learning). According to Burrowes (2003), the 
conventional learning emphasis on the completion of the subject matter without giving 
sufficient time for students to reflect on the material presented, linking with prior knowledge, or 
apply in real life. Further stated that the conventional learning have characteristics, namely: 
teacher-centered learning, there is passive learning, interaction among students is less, there is 
no cooperative groups, and assessment sporadic. Lessons are conducted in conventional lead to 
student learning is not effective and do not feel motivated students, causing students less or no 
understanding of material provided by the teacher (Daryanto, 2010: 2). Success of learning is 
not only determined by the teacher and the student, but also is influenced by learning media and 
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teaching materials used. Liliek Setiono (2009), said that the use of learning media in teaching 
and learning can generate interest and a new desire, motivating and stimulating learning 
activities, and even carry psychological effects on students. 

Information and communication technologies change the location of learning from the 
classroom to place anywhere and anytime students can learn. Thus, the evolution of 
communications technology push on the evolution of the location and time of study. Learning is 
no longer just a place in the school and in the classroom, learning can happen anywhere as long 
as there are teaching materials and students feel comfortable with the situation (Mandy Akhirul 
A, 2009). 

According to I Made Agus Wirawan (2011: 316), the use of mobile phone technology has 
not only focused as a media of communication, or entertainment, but also has been used as a 
learning media. One media that based mobile phone that can be used by teachers in the learning 
and application has not been developed is a mobile game based learning (mGBL). mGBL is an 
application form of the game that contains subject matter and constructed in accordance with the 
level of education and also adapted to the prevailing curriculum and running on mobile phone 
devices. 

According to Muhamed Ally Pieri Micelle (2009: 193), learning by using mobile learning 
make student learning becomes interesting and fun. The learning process will be effective when 
the students are in a state of happy and unhappy. The students will feel fear, worry, anxiety, 
feeling uncomfortable that can lead not optimal results when student learning is too forced (Eko 
Susanto, 2009: 19-20). Accordingly, the application of mobile gaming as a learning media can 
be developed and utilized in accordance with the existing learning design, to create a new 
learning environment, effective, and enjoyable to facilitate the achievement of learning goals. 

Mobile Game "Brainchemist", the learning media of chemistry can be used as an 
alternative to chemical learning media fun and accessible. Mobile Game "Brainchemist" is 
adapted from the game Brainjiggle and the game BrainJuice that has been modified so that 
display just the relevant with chemical materials. 

Chemistry learning can not be separated from definition of the learning and chemistry 
itself. Chemistry is the science of searching for answers to what, why, and how natural 
phenomena related to the composition, structure and properties, changes, dynamics, and 
energetics of substances. There are two point related, the chemical can not be separated, 
chemistry as the products (chemical knowledge in the form of facts, concepts, principles, laws, 
and theories) and chemistry as the process of scientific work (Mulyasa E., 2006: 132-133) 
.Success in achieving the chemistry learning objectives is influenced by several factors. For 
example, teaching and learning strategies, methods and approaches to teaching and learning 
resources or learning media. 

The development of learning media, both for formal and non-formal education, a 
curriculum that applies is the primary reference that must be considered. In addition, ease of 
use, attractive and also usefulness must be considered. Criteria of good learning media ideally 
includes 4 main things (Mulyanta, 2009: 3-4), namely: the suitability or relevance, convenience, 
attractive, and usefulness. 

Products of learning media are developed to run on Android-based mobile phone. 
Android is the operating system platform for mobile devices that is open source. Android has 
various advantages as software that uses computer code base that can be distributed openly  
(open source) so that the user can create a new application in it. 

Develop of mobile game "Brainchemist" using Eclipse Indigo. Eclipse is an IDE 
(Integrated Development Environment) to develop software and can run on any platform. The 
advantages of Eclipse that makes it popular is its ability to be developed by the user with a 
component called a plug-in (www.eclipse.org). 
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According to Dwi Cahya Wahyudi (2010: 30), Amelia Handayani Burhan (2012: 61), 
Nur Rachma Kartika and Achmad Lutfi (2012: 178), chemistry learning media can be used as a 
interesting media for independent learning and motivate students in the learning activities.  

Based on the above four studies, the researcher developed a mobile game "Brainchemist" 
as a chemistry learning media SMA/MA in acid-base material, buffers and salts hydrolysis. 

 
RESEARCH METHOD  

Development of media should be done using the right development model. One model 
that is often used in the research is the development model ADDIE. Several phase in the 
ADDIE Model is as follows (Mulyanta and M Marlong Leong, 2009: 5): 
1. Analysis phase 
2. Design phase 
3. Development phase 
4. Implementation phase 
5. Evaluation phase 

The development research follows of the ADDIE model. The phase in this research are 
phase analysis (analysis of curriculum, analysis  of media creation benefit), the design phase 
(mobile game design and preparation of assessment instruments), stage of development 
(manufacture of mobile games and review by supervisors, material experts, IT experts, and peer 
reviewers), the implementation phase (mobile game used by teachers and students) and the 
evaluation phase (evaluate the quality of learning media). The form of research instrument is a 
questionnaire to assess the quality of media produced, adaptation of existing assessment 
instruments (Romi Satria Wahono, 2006 in aspect and learning media assessment criteria). 
Assessment criteria include five aspects of the assessment are to matter and task, linguistic, 
materialize, audio visual display, and software engineering (without matter and task aspects for 
students). The results are converted from qualitative data to quantitative data, tabulated and 
analyzed using the ideal criteria for determining the quality of the media (Eko Putro Widoyoko, 
2011:238). 
 
RESULT AND DISCUSSION 

The result of this development is a product of the mobile game "Brainchemist" as a 
chemistry learning media for Senior High School in acid-base, a buffer solution, and salt 
hydrolysis matter. The products of mobile game "Brainchemist" as a learning media is apk 
application form that can be run with android based mobile phone. Mobile game "Brainchemist" 
contain materials or matters, and the discussion of acid-base, buffer solution, and salt 
hydrolysis. 

 
1. Data Quality Product from Reviewers 

Quality mobile games "Brainchemist" are assessed by the reviewers first (5 senior high 
school chemistry teachers in Yogyakarta). The results of the assessment show that the quality of 
mobile games "Brainchemist" are included in the category of Very Good (SB) with an overall 
average score of 111.8 and ideals percentage of 89.4%. Assessment of every aspect can be seen 
in table 1. 
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Table 1. The quality of every aspect assessment by reviewer 

Criteria 
Number 
Indicator 

Average 
Score 

( ) 

Maximal 
Score 

Ideals 
percentage(%) 

Category 

Matter and 
task 

6 26,6 30 88,67 
SB 

( >25,2) 

Linguistic 2 8,6 10 86 
SB 

( >8,4) 

Materialize 4 18,4 20 92 
SB 

( >16,8) 
Audio 
visual 

display 
8 35,2 40 88 

SB 
( >33,6) 

Software 
Enginering 

5 23 25 92 
SB 

( >21,0) 

Overall 25 111,8 125 89,4 
SB 

( >105,1) 
 
Based on the assessment of every aspect can be made by the graph of quality of every aspect 
versus the ideals percentage. The graph can be seen in Fi gure 1. 

 
Figure 1. The graph of quality of every aspect versus the ideals percentage 
 

The assessment by reviewer show that aspects of matter and task is included in the very 
good category (SB). Ideals percentage of matter and task aspect is 88.67%. When it is compared 
to the ideals percentage of the other aspects, ideals percentage of the matter and task aspect is 
the second largest. Percentage of 88.67% in the aspects of matter and task can not be separated 
from matter and task presented in the mobile game "Brainchemist" which has been adapted to 
the content standards of curiculum. The material presented is also adapted to the knowledge of 
high school students. Answer questions and discussion contained in the game are also one that 
are proper to the students’ knowledge. 

Linguistic aspects get the lowest ideals percentage than any other aspect, 86%. This is 
because it is less raw linguistic aspects by a reviewer. This is because the use of language in the 
game is still too much when compared to the games that circulate in the society. However, the 
language used is not rigid but the language used is the communicative language and does not 
cause double interpretation so that students can more easily understand. Overall aspects of 
language are included in the very good category (SB) and proper for use in a mobile game 
"Brainchemist" as a learning media for students of Senior High School. 
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Based on the assesment by reviewer, materialize aspects are included in the very good 
category (SB). Ideals percentage of materialize aspects get the highest aspect compared to other 
aspects, 92%. This is because of the reward each end games make students motivated to try 
again to obtain a desired reward by students.  The interesting thing about the presentation of the 
material is to make the students do not feel bored easily in learning with mobile game 
"Brainchemist". In addition, the ability to use the media in frequent times and advantages of the 
media can attract the students to use this media as a supplement facility in the study. 

Based on the assesment by reviewer, audio visual display aspects are included in the very 
good category (SB) by the ideals percentage which are also quite prominent, 88%. In all aspects 
of audio visual display mobile game "Brainchemist" as a chemistry learning media on Senior 
High School in acid-base material, a buffer solution, and salt hydrolysis can be concluded that 
the size of the text and pictures are very good so that there are illustrations to facilitate 
understanding of students in learning material presented text. The clarity of the colors used in 
the illustrations is very good so that students can focus on the presentation of the material which 
is completed by the pictures. In addition, the contrasting background color, font size is large 
enough, and the font type is also adapted to the user, that is the students. 

Aspects assessment of software engineering also get very good (SB) of the reviewer with 
the highest ideals percentage than other aspect, 92%. This is because mobile games 
"Brainchemist" contain elements of creativity and innovation in the manufacture of new 
learning media. Formerly, there are still very few mobile developers who implement their 
ability to create learning media based mobile phone. Ease of use and ease of operation of the 
mobile game "Brainchemist" make the students have no difficulty in learning the material. 
Students who are are not familiar to the game can read the instructions for using the mobile 
game "Brainchemist" so that it is not difficult to use of mobile game "Brainchemist". 

 
2.  Data quality by Students 

Quality mobile game "Brainchemist" also assessed from the perspective of the students. 
The data quality assessment is generated from the 24 students of class XI semester II SMA N 9 
Yogyakarta. Assessment from students is slightly different to the reviewer, the students did not 
assess aspects of matter and task. Based on the assessment of the quality by students, quality 
mobile games "Brainchemist" included in the category of good (B) and has an average score of 
76.3 with 80.3% percentage of ideals. Assessment of every aspect of the students can be seen in 
Table 2. 
Table 2. The quality of every aspect " based on the assessment by students 

Criteria 
Number 

Indicator 
Average Scor (X�) 

Maxi-
mal 

Score 

Idelas 
Percentage 

(%) 
Category 

Linguistic 2 7,8 10 78 
B  

(6,8<X�≤ 8,4) 

Materialize 4 16,1 20 80,5 
B  

(13,6<X�≤ 
16,8) 

Audio Visual 
display 

8 31,3 40 78,25 
B  

(27,2<X�≤ 
33,6) 

Software 
Enginering 

5 21,1 25 84,4 SB (X�>21,0) 

Overall 19 76,3 95 80,3 
B  

(64,6<��≤ 
79,8) 
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Ideals percentage quality assessment mobile game "Brainchemist" by every aspect of the 
assessment are presented in Figure 2. 

 
Figure 2. Quality Graphics of Every aspect of ideal percentage mobile gaming "Brain-chemist" 

on the assessment by students 
 
Ideals percentage of linguistic aspects obtain the lowest, with ideals percentage 78%. 

Language used is a correction for researchers to pay attention to the preferred language by 
students. Because the age of the young studentss will prefer the communicative language for 
teenagers and not cause double interpretation. However, the assessment of language by 
studentss are included in good category (B), so that the aspects of linguistic fit for use in a 
mobile game "Brainchemist" to help students in learning / study. 

Based on the assessment by students, materialize aspects included in good category (B) 
with ideals percentage of 80.5%. Ideals percentage of materialize aspect quite prominent than 
other aspects. This is because the implementation of mobile game "Brainchemist" is presented 
to the students in an interesting way. In addition, any student who uses a mobile game 
"Brainchemist" appropriately reward will be given the results of his work. Reward will 
stimulate students to try again to play, and the play went unnoticed by students and learning 
materials chemistry. Mobile game "Brainchemist" has the ability to be used continuously but 
not the same task/matter and out randomly. Mobile game "Brainchemist" has advantages over 
other learning media that can keep students interested in using it. The advantages of mobile 
game "Brainchemist" such as: simple, easy to use anywhere, anytime, and without requiring the 
use of the boot process. 

Aspects of audio visual display included in good category (B) according assesment by 
students. Ideals percentage of audio visual display aspects is also quite prominent than other 
aspects. Aspects of audio visual appearance ideals percentage 78.25% gain. This percentage 
indicates that students like the look of the mobile game "Brainchemist" as a learning media that 
can help students to perform learning activities with an attractive illustration that accompanied 
the picture to make it easier to understand the material. 

Based on the assessment by learners, software engineering aspects is include in the very 
good category (SB) with ideals percentage is the highest, 84.4%. This is because the mobile 
game "Brainchemist" is made with the latest learning innovations that can be used simply by 
using mobile phones making it easier for students to learn. Ease of touch and drag function in 
the mobile game "Brainchemist" is considered as to support ease of use. Mobile game 
"Brainchemist" also comes with use instructions that explain how to use the software game, so 
that students who do not know how to use can be guided by the instructions for use. In addition, 
for the development of learning media for science and technology development of mobile game 
"Brainchemist" This is very promising, because the use of mobile phone as a learning media is 
still little use. 
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Students were asked to rate other than product quality are also given open-ended 
questions that are packed in assessment instruments to determine student response. The 
response of students who are interested and excited to learn by using mobile gaming as many as 
23 people or 95.8% and who are interested in learning more after playing the mobile game 
"Brainchemist" as many as 23 people or 95.8%. 

 The product of this research is mobile game "Brainchemist" which has a minimum 
specification devices to run on android based mobile phone, operating system Android Froyo 
2.2, 256 Mb RAM, and 600MHz processor. File size of mobile game "Brainchemist" of 15 MB 
can be installed on an external mobile phone memory. Example of display in a mobile game 
"Brainchemist" can be seen in Figure 3. 

  

  
Figure 3. Screnshoot matter of media 

 
CONCLUSION AND SUGGESTIONS  
 
Conclusion 
Mobile game "Brainchemist" as a chemistry learning media for Senior High School in acid-base 
material, a buffer solution, and salt hydrolysis qualified in accordance with the categories 
specified quality media has been successfully developed. Quality of mobile game 



Yogo Dwi Prasetyo, et.al. / The Development Of …               ISBN. 978-979-99314-8-1 
 

 
CE-120 

"Brainchemist" as a chemistry learning media for Senior High School in acid-base material, a 
buffer solution, and salt hydrolysis based assessment by reviewer scored an average of X� = 
111,8 (X� > 105,1), thus including the categories of very good (SB) with ideals percentage of 
89.4%. Quality of mobile game "Brainchemist" based on assessment by students scored an 
average of X� = 76,3 (64,6 < X� ≤ 79,8), so it is included in the category Good (B) with the ideals 
percentage of 80.3%. Based on this assessment, the mobile game "Brainchemist" fit for use as a 
learning media or as reference students in learning. 
A total of 95.8% of students believe learning by use the mobile game "Brainchemist" more 
interesting and fun, and as much as 95.8% of students are also interested in further study 
chemistry after playing Mobile Game "Brainchemist". These results indicate Mobile Game 
"Brainchemist" can make students become interested in studying chemistry with a nice 
atmosphere. 
 
Suggestion  
Suggestions can be submitted by researchers associated with the development of this research is 
a kind of learning media needs to be developed to be operated by using another OS, such as 
iOS, Blackberrry, or Windows phone. Learning media similar to other chemical materials need 
to be developed in order to be used as a complementary reference for students. Mobile Game 
"Brainchemist" needs to be tested in teaching of chemistry in senior high school to determine 
the extent of benefits and drawbacks. 
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ABSTRACT 
 
The research aimed to engage students in social and emotional learning in chemistry 
learning. Dilemmas stories have been engaged students in values awareness through 
critical thinking and dilemma thinking. The research was conducted in Secondary schools 
in Jakarta. Interpretive study as a methodology provided deep engagement for both 
researcher and participants. The VLES (Values Learning Environment Survey), semi-
structured interviews, and classroom observations were used as methods of collecting 
data. The VLES obtained perceptions of student engagement with the story, the teacher’s 
supportive role, critical thinking skill development, and students’ learning to listen 
actively and think about the chemistry learning. The results show that the students and 
the researcher engaged in critical reflection on their values, collaboration with others, on 
their roles in participating in environmental education, social issues, and in deep 
chemistry learning.  
 
Keywords: social emotional learning, dilemma story, chemistry learning, action research 

 
 
INTRODUCTION 
The aim of education is not only to enhance students' understanding, but more important is to 
educate young people as agents of change who understand their character and culture. Character 
education and culture become an important issue in the curriculum at various levels. According 
to Chang and Munoz (2007 ), the most important factor in the formation of character is how 
young children cope with the problems in their society. One way to educate students to 
understand their character, culture, including their values  is through the use of dilemmas 
stories. The dilemmas stories relate to everyday life  and current issues which have dilemmas. 
According to Scardamalia , Bransford , Kozma , and Quellmalz ( 2012) there are important 
skills possessed by the students when they finish school and work, for example, the ability to:1) 
solve the problem , 2) make decisions , 3) work independently , 4) speak effectively and 5) work 
effectively with the use of technology. In this context, dilemmas stories help students to develop 
their critical thinking, problem solving skills, decisions making, and working with others which 
related to developing students’ soft skills. 
 
This innovative approach to socially responsible science education which earlier developed in 
Australia to address the National Framework for Values Education in Australian Schools and the 
National Goals for Schooling in the Twenty-First Century, as outlined in the Adelaide 
Declaration (1999), which argue that Australia’s future depends on a solid foundation for young 
Australians’ intellectual, physical, social, moral, spiritual and aesthetic development 
(Department of Education, Science & Training, 2005). Some examples of dilemmas stories that 
have been developed in the context of several countries (Taylor & Taylor, 2009) are: Mining 
dilemma, Rice fish dilemma, Nuclear power dilemma, Climate change dilemma, Dilemmas 
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from Pakistan, etc.  
 
The paper is the part of the results in study of dilemma story teaching in chemistry learning. At 
this learning process, students act as the main character in the story, so that students felt that the 
story happened to them. In everyday life, students are often faced problems which associated 
with science issues. Problems in daily life often create conflicts that require them to make 
decisions. Dilemmas stories educate students to integrate their knowledge with dilemmas in 
everyday life which allow them to engage in deep learning.  
 
THEORETICAL PERSPECTIVES 
Soft Skills 
Character education is one important aspect of the educational process. According to Arthur 
(2008), character education focuses on student basic values and behaviour. Arthur and Wilson 
(2010) point out that education should ‘produce’ workers who are professional and qualified 
citizens, which not only the generation who have the knowledge, but also a willingness to keep 
learning and personal skills and values. According to Hutcheon (1999 ), school plays important 
role in establishing the character and culture of the students, especially in facing problems 
within an increasingly complex society and multicultural . 
 
According Robbles (2012) soft skills are interpersonal qualities, also known as people skills, 
and personal attributes that one possesses. According to Rao (2010), soft skills are all skills, 
personality, and behavior that help beyond technical capabilities, such as team building, 
leadership, motivation, time management, and emotional, social, and personality Intelligence. 
Soft skills attributes include shared values , motivations, behaviours, habits, character and 
attitude. This attribute is owned by everyone with different levels which is influenced by the 
habits of thinking. Soft skills is a difficult competence to be defined as it is invisible and not 
immediate developed, while hard skills are skills that can produce something that is tangible and 
immediate (visible and immediate ) which can be assessed from a technical or practical test.  
 
Dilemma Story  
According to Settlemaier, (2003), dilemmas stories are used for stimulating students’ reflect 
critically on their values and beliefs through dilemma situation. The Dilemma stories can be in 
different forms such as summary of problematic situation, film, role-play, and stories 
(Settlemaier, 2003). In that study teachers had used specially prepared ethical dilemma stories to 
engage students in critical reflective discourse and collaborative decision-making on the ethical 
implications of science and its uses (Settelmaier, 2003, 2009). This approach also contributes to 
the recent call to ‘re-imagine’ science education as an exciting, authentic, investigative and 
meaningful experience for all students (Tytler, 2007). In this respect, a good ethical dilemma 
teaching story – like all classic moral dilemmas - has no final solution, thus allowing for 
prolonged thinking, reflection and learning. Content knowledge – chemistry, biology, physics, 
mathematics concepts and skills - is essential in order to understand and to find solutions to the 
ethical dilemmas embedded in the stories. Thus dilemma story pedagogy does not aim at 
replacing content-based science education but rather aims to enhance its quality and relevance 
to modern day students by ‘adding value’ to their learning.  
 
Values Learning Environment Survey (VLES)  
The VLES was developed with three specific goals: (a) to promote values learning: the 
instrument provides teachers of science (and other school subjects) with a clearly articulated 
framework for establishing a values learning classroom environment; (b) to assess values 
learning: the instrument provides teachers with a relatively simple method for assessing the 
quality of students’ engagement in values learning; and (c) to monitor values learning: the 
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instrument allows teachers and researchers to trace students’ long-term values learning 
development. the VLES was designed in order to obtain measures of students’ and teachers’ 
perceptions of 6 key factors of the classroom learning environment that our earlier research 
shows (Settelmaier, 2009) are conducive to values learning: critical self-reflection, empathic 
communication, critical social thinking, deep engagement, collaborative decision-making, 
teacher support. Each of these factors became initially a 7-item scale, later reduced to five. The 
questionnaire has  two versions for measuring perceptions of the learning environment as 
experienced (a) by students and (b) by teachers. Previous research has established that student 
achievement is optimal when students perceive a close match between their preferred and actual 
learning environments (Fraser & Fisher, 1983). The instrument has a five-point Likert-type 
frequency response scale. For readability purposes on the questionnaire we re-named the scales: 
‘The Dilemma Story’ (deep engagement); ‘The Teacher’ (teacher  support); ‘Learning to Work 
Together’ (collaborative decision-making); ‘Learning to Listen’ (empathic communication); 
‘Learning to Think’ (critical self-reflection); and ‘Learningabout Science’ (critical social 
thinking). Statistical analysis revealed that the Cronbach alpha coefficients lie in the range of 
0.76-0.91, indicating satisfactory internal consistency of all scales.  
 
RESEARCH DESIGN 
This study implied interpretive study. Interpretive is used in real situations, rather than in 
contrived, experimental studies, since its primary focus is on understanding the research 
context. The participants in this study are students in chemistry classes from two schools in 
Jakarta. Multiple research methods (interviews, questionnaire (The VLES), and classroom 
observations) were used to provide the integrated pictures of the research. Dilemmas stories that 
are applied in this research was created and assessed by lecturers, teachers, and students’ 
teachers. The criteria used to assess the stories are the dilemma in the story, a story with a 
chemical linkage, the truth of chemistry concepts in the story, and the story and the language 
used. The classroom observations were conducted during the research to provide the picture of 
classroom environment. Then, the VLES was used to assess students’ perceptions on their 
classroom environment. The researchers conducted the interview with the students.  

 
RESULT 
Dilemmas stories teaching has been developed in Indonesia context. Development of dilemmas 
stories in relation chemistry topics and problems in Indonesia developes throughout the study. 
The study involved three steps: 1) dilemmas stories development, 2) VLES modified in Bahasa, 
3) Implementing dillemmas stories teaching in chemistry learning. Thus the results of research 
is divided into three main parts, namely dillemmas stories development,  realibitas VLES 
instruments in Bahasa, and implications of dilemmas stories.  
 
Dillemmas Stories Development 
This dilemma story development through several steps. Stories are created by the research team. 
Furthermore, the stories was assessed through rubric of dilemma story assessment. Description 
of the results of the assessment dilemma story are described in this section . There are 8 
dilemmas stories has been developed in this study : 1) Hg ( Merkuri ) in skin whitening, 2) Food 
Preservative, 3) Sea Water, 4) Jelantah Oil, 5) Heavy Metals in Mineral Water, 6) ABS (Alkyl 
Benzene Sulfonate) in Detergents, 7) Carbonic Acid in soft drinks , and 8) Pesticide. 
 
Results of the story through the assessment rubric given to 12 people consisting of experts and 
students. Rubric used to have indicators : dilemmas in the story, chemistry concept, benefits for 
students, language , and application chemistry in the story. Each question consists of five choice 
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likert response scale assessment: Strongly Disagree, Disagree, Agree , Strongly Agree with a 
score of 1 , 2 , 3 , and 4. Assessment rubric of each story is presented below (Table 1): 

Table 1. Assessment of Stories 
No Criteria Mean of Dilemmas Stories  

1 2 3 4 5 6 7 8 
1 Dilemmas stories in 

relation to daily lives 
3.5 3.5 3.2 3.5 3.3 3.7 3.3 3.4 

2 Dilemmas stories in 
relation to chemistry 
concepts 

3.3 3.3 3.0 3.1 3.0 3.0 3.1 2.8 

3 Dilemmas stories motivate 
students and develop 
students’ critical, creative 
thinking, and problem 
solving 

3.3 3.4 3.3 3.3 3.2 3.3 3.3 3.2 

4 Language and story setting 
are interesting 

3.1 3.0 3.0 3.2 3.2 3.0 3.2 3.0 

5 Dilemmas stories can be 
used in chemistry learning 

3.5 3.3 3.0 3.1 3.1 3.3 3.3 3.3 

 
There are some suggestions and feedback from the lecturers, teachers, and student teachers in 
relation for stories improvement: 
 

Integrated learning outcomes in the introduction of the story 
(Lecturer feedback, 23 September 2013) 

 
The effect of waste and heavy metals could increasingly students awareness of the 

environment 
(Student teacher feedback, 24 September 2013) 

 
 

The story climax is not really interesting, should be made more dramatic, so that 
students are more engaged in dilemmas stories 
(Teacher feedback, 24 September 2013) 

 
Realibility of VLES Instrument  
The questionnaire is about students’ perceptions on the learning activities when we used 
dilemma story. There are 24 questions with 6 scales of deep engagement, teacher support, 
collaborative decision-making, empathic communication, critical self-reflection, and critical 
social thinking with five point likert scale with a response of strongly disagree, disagree, unsure, 
agree, strongly agree with scores of 1,2,3, 4, and 5. Results using the SPSS statistical analysis. 
The reliability of each scale can be seen in Table 2 
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Table 1. Internal Consistency (Cronbach Alpha Coefficient), Means and Standard Deviations 
Scale Alpha Reliability Mean Standard 

Deviation 
Deep engagement 0.485 4.26 0.67 
Teacher  support 0.597 4.28 0.62 
Collaborative decision-making 0.631 4.34 0.62 
Empathic communication 0.716 4.26 0.58 
Critical self-reflection 0.698 4.12 0.65 
Critical social thinking 0.608 4.36 0.64 
Number of students (N) = 128  
 
Reliability can be determined by the internal consistency of each variable using Cronbach alpha 
reliability coefficient (Brown , 2007; Newby & Fisher , 1997). Overall VLES instrument that 
has been modified and adapted in the Indonesian context , reliability has been measured at 0.866 
. While each scale in Table 2  above indicates that the alpha reliability coefficient obtained 
ranged from 0.48 to 0.71 . This indicates that the instrument reliable , because it has an alpha 
value above 0.50 . However, if viewed in each scale, then the value of reliability story remains 
to be improved to achieve an alpha value above 0.5 , this can be done with the repair of the 
story, or the questionnaire itself, especially on the language used . Mean value of each category 
is high at over 4.12 to 4.34. From these data, it can be seen that students respond positively to 
dilemmas stories learning. However, based on the characteristics of the research on 
interpretivism paradigm , the data used is more focused on students' responses to the learning 
itself which can be seen in the descriptions of implications of dilemmas stories . 
 
Implications of Dilemmas Stories 
The dilemmas story has been improved through the feedback from stories assessment. Then it 
followed by implementation of dilemmas stories teaching in 4 classes at two high schools in 
Jakarta. Most students are interested in dilemmas stories teaching. Students’ deep engagement 
with dilemma stories and the dilemma learning experience is crucial for the success of this type 
of pedagogy (Settelmaier, 2009). The teacher’s role as a facilitator, agent provocateur, or devil’s 
advocate is vital within our values learning environment. The teacher is more of a guide than a 
‘dispenser of values’. Given that science teachers often find themselves in the role of the person 
who ‘has all the knowledge’, taking a step back and allowing students to engage actively in their 
values learning can be a challenge.  Students feel the impact of learning dilemmas stories 
teaching are expressed through VLES questionnaire and interviews. Based on the interview, can 
be categorized into several implications learning stories dilemmas: 1) Deep chemistry learning , 
2 ) Critical reflections on their values and beliefs, 3) Sharing and negotiating ideas, 4) Working 
with others,  and 5) Learning from the stories. A description of each of the implications can be 
seen below : 
 
Deep  Chemistry Learning 
That students’ engagement with the dilemma stories seemed positive, and most interviewees 
described the experience as ‘fun’ and as ‘different’ from usual science classes. The teacher’s role 
as a facilitator, agent provocateur, or devil’s advocate is vital within our values learning 
environment. The teacher is more of a guide than a ‘dispenser of values’.  Given that science 
teachers often find themselves in the role of the person who ‘has all the knowledge’, taking a 
step back and allowing students to engage actively in their values learning can be a challenge. 
Interviews and observations indicated that teachers seemed to receive mostly positive feedback 
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on their facilitator role, their engagement with the students, and for trying something new and 
different, as stated by the students bellow: 
 

 
I like dilemmas stories in learning chemistry because more connected with chemistry in daily 

lives and more memorable 
( Student Interview 3, Mercury Dilemma, SMU A ) 

 
I like it, because it  becomes not a boring lesson 

( Student Interview 4 , Sodium Benzoate Dilemma, SMU B ) 
 

I love it , because chemistry becomes very interesting 
( Student Interview 5 , Sodium Benzoate Dilemma, SMU B) 

 
I think its unique because it is a real story, it is easier to understand because the story is related 

to daily life 
( Student Interview 6, Sodium Benzoate Dilemma, SMU B) 

 
Confuse,  first , because I do not like to wear cosmetics. Second , because I do not know the 

chemical content  in cosmetics and their functions 
(Student Interview 7, Mercury Dilemma, SMU A) 

 
I agree completely of using dilemmas stories teaching , we become more understanding of 

chemistry. It is because we study chemistry usually only by learning  theories and  calculations  
( Student Interview 1, Mercury Dilemma, SMU A ) 

 
I agree using dilemmas stories teaching, because we know how the application of chemistry in 

daily lives  
(Student Interview 2, Mercury Dilemma, SMU A ) 

 
Critical reflections on their values and beliefs  
When forced to make a decision students seem to engage in both critical self reflection  and 
critical thinking (Settelmaier, 2009). Critical self reflection occurs when a student  reflects on 
his/her own values in order to solve a problem. Critical thinking, on the other hand, is well 
documented in the literature as an analytic, systematic problem-solving approach that builds 
largely on existing knowledge, as stated by the students: 
 

If such challenging story, I realise, I can do improvement for my environment, thinking about 
hazardous metals and how its impact 

( Student Interview 1, Mercury Dilemma, SMU A ) 
 
 

Actually I'm confused, between our business and other lives 
( Student Interview 8, Mercury Dilemma, SMU A ) 

 
Yes , I was confused at the time of solving the problem 

( Student Interview 4 , Sodium Benzoate Dilemma, SMU B ) 
 

I am confused, because I had to put my position as myself.  I'm confused what to do for my 
family and the other people 

( Student Interview 13, Sodium Benzoate Dilemma, SMU B ) 
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No, I can directly answer the first question when I faced with the problem that , because I 

positioned it as a junior high school kid so I choose my parents 
( Student Interview 5, Sodium Benzoate Dilemma, SMU B ) 

 
I become aware of more careful in the use of drugs, especially cosmetics  

 (Student Interview 7, Mercury Dilemma, SMU A ) 
 
Sharing and negotiating ideas  
Here, the focus is on developing emotional intelligence, empathy, the ability to accept and 
consider other people and their ideas. Most students reported that they felt their voices were 
listened to and their opinions accepted as legitimate. Students seemed to appreciate the 
opportunity to hear about other people’s thoughts and opinions, and indicated the importance of 
knowing what others think and feel in order to care.  
  

I love the discussion, because we can know other opinions as well as we can exchange ideas  
(Interview 9 Students, Sodium Benzoate Dilemma, SMU B) 

 
I realized, I need to think deeply about my ideas 

(Student Interview 10, Mercury Dilemma, SMU A) 
 

I love the discussion, because it combines our thinking with thoughts of friends, because 
sometimes we thought wrong 

(Student Interview 11, Mercury Dilemma, SMU A) 
 
 
Working with others  
Collaborative decision making involves student groups negotiating a decision and/or a 
compromise in order to solve a problem as a group. Furthermore, students draw on both their 
own values and increasingly on evidence provided to them through their science learning to 
make informed decisions. One of the key issues raised during the ethnographic inquiry was the 
importance of recognising difference in opinions and values and working with it. Students 
reported that through the group-work and the discussions they seemed to become more aware of 
different opinions. 
 

Thus, through these stories I can collaborate with friends  
(Student Interview 11, Mercury Dilemma, SMU A) 

 
It is better to ask a friend if there is not yet understood, because sometimes with the teachers, I 

am reluctant to ask 
(Student Interview 2, Mercury Dilemma, SMU A) 

 
Learning from the stories 
Other implication of dilemmas stories teaching that students learn from the story presented. 
Story dilemma Mercury and Sodium Benzoate which applied to help the students learn to be 
aware in using cosmetic products, as well as preservatives in foods. 

More careful in the use of drugs, especially cosmetics 
 ( Student Interview 7, Mercury Dilemma, SMU A ) 
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Food materials, plastic packaging, keep it mind every time using any chemical products. Whar 
are chemical ingredients in products, the  dangerous. We have to understand its good or not for 

ourselves, others, or environment 
( Student Interview 1, Mercury Dilemma, SMU A ) 

 
The problem of plastic, the plastic is almost everywhere much which contributes to pollution. 

We also have to be aware of any dangerous substances in food 
( Student Interview 11, Mercury Dilemma, SMU A ) 

 
More careful in choosing products 

( Student Interview 12, D Mercuryilemma, SMU A ) 
 
 

I suggest not to use sodium benzoate  and sell with new innovations  such as selling fruit ice 
using only sugar without preservatives and do not too much worry of preparation in order to 

keep the fruit fresh  
( Student Interview 13, Sodium Benzoate Dilemma, SMU 30 ) 

 
We may eat instant noodles, but not too often, instant noodles can be substituted with eggs or 

other foods. Although the food more expensive than instant noodles, our health is more valuable 
than money 

( Student Interview 14, Sodium Benzoate Dilemma, SMU 30 ) 
 

 
 
There some pictures of dilemmas stories teaching. Students created the poster as the results of 
their reflections on dilemmas stories teaching: 
 

 
Picture 1. Teacher reads the story 
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Picture 2. Students listen the story 

 

 
Picture 3. Students discussion in pair 

 
 
 

 
Picture 4. Students discussion in group for solving the problems 
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Picture 5.   Students Poster on Sodium Benzoat Dilemma 

 

 
 

Picture 6.   Students Poster on Sodium Benzoat Dilemma 

 
Picture 7.   Students Poster on Mercury Dilemma 
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Picture 8.   Students completed VLES questionnaire 

 
The interview and pictures above show how students learn from dilemmas stories.  Even some 
of them try to find alternative solutions to the use chemicals. This is a positive impact on student 
awareness for a healthier life. The results show that the students are interested and motivated to 
learn chemistry as it is related to daily lives. Students also learn to understand and reflect on 
their values. Students learn to cooperate with others share and  negotiate their ideas for solving 
problems on dilemmas presented. Dilemmas stories from this study are represented on the 
booklets and dilemmas stories weblog . The front page booklet dilemmas stories can be seen in 
Figure 9, whereas weblog address is http://chemistrydilemmas.wordpress.com/ 

 
 

Picture 9. Booklet of Dilemmas Stories 
 
This study is still continue and the quality of the story be continuously improved by integrated 
topics related to chemistry learning on curriculum in 2013, particularly in the character 
education and social emotional learning. 
 
CONCLUSION 
The results of our study indicate that the students engaged positively in a social emotional 
learning. Research dilemmas stories on learning of chemistry has produced a collection of 
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stories that can be used on engaging students in  chemistry learning.  Instruments Values 
Learning Environment Survey (VLES) has been modified in Bahasa and adapted to the context 
of learning chemistry in Indonesia which can be used in further research. Dilemmas stories 
teaching has implications for chemistry learning: 1) Deep chemistry learning, 2 ) Critical 
reflections on their values and beliefs, 3) Sharing and negotiating ideas, 4) Working with others,  
and 5) Learning from the stories. These results are consistent with earlier research and add 
further evidence to the claim that a socially responsible science education based on ethical 
dilemma story pedagogy offers a promising means to develop critical skills with which students 
can engage as socially responsible citizens in informed decision-making about the appropriate 
use of science for addressing global issues such as climate change and environmental 
sustainability (Settelmaier, 2009). Stories dilemma can be used as a chemical alternative 
learning approaches in learning the characters in Indonesia, especially its association with 
Curriculum 2013 in middle schools. 
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