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Abstract 

The increase of crab meat export activities in Indonesia leads to the accumulation of crab shell waste in a massive 
amount that can naturally degrade and causing bad odor. Naturally, microorganisms will degrade this waste through 
fermentation and enzymatic reaction, including protease and chitinase due to its high content of chitin and protein. 
Bacillus is the most potential bacteria to degrade crab shell waste, and indigenous Bacillus from this waste can increase 
the degradation rates. The aims of this study were to evaluate the proteolytic and chitinolytic activities of indigenous 
Bacillus species from crab shell waste. Bacillus cereus BP14 and Bacillus licheniformis CK20 as the chitinolytic bacteria, 
and Bacillus subtilis AP9 and Bacillus licheniformis AP5 as the proteolytic bacteria were isolated from crab shell waste 
and identified based on the 16S rDNA sequences. The bacterial isolates were grown in skim milk broth for proteolytic 
characterization and colloidal chitin broth for chitinolytic characterization. The growth rates of each bacteria were 
determined through the growth curves. The enzymatic activities were determined based on the international standard 
for protease and chitinase enzyme activities together with growth curve sampling to determine the best incubation 
time for obtaining the highest enzymatic activities. From the shortest to the longest generation times of the Bacillus 
species obtained were B. subtilis AP9, B. licheniformis CK20, B. cereus BP14, and B. licheniformis AP5, respectively. The 
best incubation time for producing the highest enzymatic activity varied among species. However, the end of the 
logarithmic phase was similar. All of the Bacillus species obtained from this study exhibited chitinolytic and proteolytic 
activity. Therefore, it can be used as promising candidates of biodegradation agents inenhancing the degradation rates 
of crab shell wastes. 

Keywords: Bacillus cereus, Bacillus licheniformis, Bacillus subtilis, chitinolytic, crab shell waste, proteolytic. 
 

INTRODUCTION 
The high demand for crab meat export in 

Indonesia causes the accumulation of crab shell 
wastes in the environment. One of the third most 
valuable marine commodities for export is blue 
swimming crab (BSC) or locally named as 
Rajungan crab (Portunuspelagicus) [1]. The effort 
to improve the BSC stock in Indonesia’s fisheries 
are also developed in recent years so that the 
demand for its export can be fulfilled [2]. 
However, it is not followed by the improvement 
of waste management, including shell waste. 

In Indonesia, the crab shell wastes are usually 
left on the open-terrain without processing. It 
will next naturally fermented by microorganisms 
and causing the bad odor, which pollutes the air 
in the environment. Thus, the research on the 
utilization of this waste in recent years is 
developed. Crab shell waste can be used to 
produce natural flavor powder [3], while this 
shell waste along with shrimp waste, can be used 
to produce N-Acetylglucosamine by chitinolytic 
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soil Streptomyces sp. SJKP9 [4]. The utilization of 
this waste can improve the economic value of 
waste. However, due to the high cost of this 
processing management, it cannot be applied in 
Indonesia, especially in the marine fishery 
regions which the economy is middle to low and 
the technology is still poor. 

Because of this reason, the possible effort to 
manage the crab shell wastes left in the fishery 
regions is by enhancing its degradation rates, so 
the time needed for the fermentation or 
degradation can be reduced. It can be done by 
inoculating microorganisms, especially the 
indigenous microorganism, which can produce 
protease and chitinase enzymes with high activity 
for crab shell wastes degradation. The crab shell 
waste can be used as the resource of chitin that 
can be utilized by microorganisms to grow and 
produce chitosan, including water-soluble 
chitosan [5], that can be further used in the 

biomedical and pharmaceutical application [6]. 
This study aimed to determine the proteolytic 
and chitinolytic activity of indigenous Bacillus 
species from crab shell wastes for obtaining 
promising candidate inoculums to enhance the 
degradation rates. 
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MATERIAL AND METHOD 
Bacterial Isolates  

The bacterial isolates used in this study were 
Bacillus subtilis AP9 and B. licheniformis AP5 as 
proteolytic bacteria, while B. cereus BP14 and B. 
licheniformis CK20 as chitinolytic bacteria. All 
strains were isolated from blue swimming crab 
shell wastes using skim milk agar (casein 0.5%, 
yeast extract 0.25%, dextrose 0.1%, skim milk 
2.8%, agar 1.5%) [7] and colloidal chitin agar 
medium (bacto agar 1.5%, yeast extract 0.5%, 
NH4Cl 0.6%, Na2HPO4 0.6%, KH2PO4 0.3%, NaCl 
0.1%, colloidal chitin 0.5%. 

Growth Curves Preparation and Extracellular 
Enzymes Production 

The proteolytic bacterial strains were grown 
in skim milk broth (5 g.L

-1
 casein, 2.5 g.L

-1
 yeast 

extract, 1 g.L
-1

 glucose, 1 g.L
-1

 skim milk) [8] for 
48 h of incubation in a rotary shaker incubator at 
room temperature. Meanwhile, the chitinolytic 
bacterial strains were grown in colloidal chitin 
broth for 48 h of incubation in rotary shaker 
incubator at room temperature. The sampling 
was conducted every 4 h by taking 3 mL of 
culture and storing it in the sterile tubes. It was 
then 1 mL used for enumerating the cell number 
using a haemocytometer to determine the 
generation times and growth phases. While the 
rest volume (2 mL) was centrifuged on 10.000 
rpm at 4°C for 10 min and the pellets were 
discarded. The supernatant was assumed as the 
crude extracellular enzyme for both protease and 
chitinase. The crude extracellular enzymes were 
stored on the 4°C for further assay. 

Proteolytic and Chitinolytic Assay 
The crude enzymes were evaluated for the 

chitinolytic and proteolytic activities using 
standard methods. For proteolytic 
characterization, 1% casein solution was used as 
the substrate for protease activity that follows 
the standard procedure of Sigma [9] with few 
modifications. The crude was reacted with 1% 
casein solution and incubated at 37°C for 20 min, 
and the reaction was stopped by the addition of 
110 mM Trichloroacetic acid (TCA), and the result 
was measured using UV-Vis spectrophotometer 
(Thermo Spectronic, New York, AS) at 540 nm. 
The L-tyrosine standard curve was also prepared 
to determine the enzymatic activity (U mL

-1
). One 

unit of protease enzyme activity is defined as the 
amount of enzyme used to hydrolyze 1 µg 
substrate per min [9]. 

For chitinolytic characterization, the crude 
enzyme was reacted with 1% colloidal chitin as a 

substrate and incubated at 30°C for 2 h [10]. The 
mixture was added with 3,5-dinitrosalicylic acid 
(DNS) reagent then heated at 100°C for 5 min 
before measured using UV-Vis 
spectrophotometer at 540 nm. The N-
acetylglucosamine standard curve was also 
prepared to determine the chitinolytic activity. 
One unit chitinase enzyme activity is assumed as 
the total of the enzyme for hydrolyzing 1 µg 
substrate per h [10]. 

Data analysis 
Data of growth were analyzed based on One 

Way Analysis of Variance (ANOVA). Data of 
proteolytic  and chitinolytic activity were 
completed randomized design analyzed with 
Multivariate Analysis of Variance (MANOVA) 
using SPSS 16.0 application for windows with ρ 
value ≤ 0.05. 

RESULTS AND DISCUSSION 
Growth curves and generation times 

A total of 20 proteolytic bacteria isolates and 
22 chitinolytic bacteria isolates were successfully 
isolated from the samples and have the potential 
to produce protease and chitinase enzymes. The 
results showed that the growth phases of each 
potential bacteria strain were varied. However, 
all of the strains achieved their logarithmic phase 
(log) on 32 h of incubation time (Fig. 1) and then 
followed by a constant growth (also called 
stationary phase) until 48 h. Based on the growth 
phases obtained from this study, the generation 
time of each Bacillus strain can be determined. 
The generation time from the fastest to slowest 
were 4.04 h, 6.77 h, 9.45 h, and 11.88 h of B. 
subtilis AP9, B. licheniformis CK20, B. cereus 
BP14, and B. licheniformis AP5, respectively 
(Table 1). 

 
Figure 1. Growth curves of Bacillus species 

Table 1. The generation times of Bacillus species 

No. Strains Generation time (h) 

1. Bacillus subtilis AP9 4.04 
2. Bacillus licheniformisCK20 6.77 
3. Bacillus cereus BP14 9.45 
4. Bacillus licheniformisAP5 11.88 
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     In a normal condition with high nutritious 
medium content, Bacillus species generation 
time is 20-30 min [11], while in the lack of 
nutrients, the generation time is varied from 1-14 
h. For example, B. amyloliquefaciens BSM-1 was 
4.66 h and B. amyloliquefaciens BSM-2 was 5.25 
h in medium supplemented with low-density 
polyethylene (LDPE) for biodegradation purpose 
[12]. The variation of generation times can be 
caused by the nutrition contents in the growth 
medium. Interestingly, the generation time of B. 
licheniformis CK20 and B. cereus BP14, which 
were grown in colloidal chitin broth medium that 
contained complex energy source (chitin), was 
faster than of B. licheniformis AP5 which was 
grown in skim milk broth medium. It indicated 
that B. licheniformis CK20 and B. cereus BP14 are 
potential candidates for crab shell wastes 
degradation due to their ability to degrade and 
utilize chitin in a short period. Microorganism 
requires nutrients to grow and maintain their life. 
The most microorganism will metabolize simple 
and complex sugars, including cellulose [13]. 

Protease and Chitinase Activity of Bacillus 
Species 

Proteolytic and chitinolytic activities 
produced by each potential isolate have different 
variations at different incubation times (Fig. 2 
and 3). Each potential isolate was able to 
produce proteolytic and chitinolytic enzymes 
simultaneously. Based on the results of the 
completed randomized design analysis, it was 
shown that proteolytic and chitinolytic activity 
significantly associated with incubation time and 
potential isolates (p ≤ 0.05).  

The AP9 isolate had the highest activity (32.03 
± 0.47 Unit.mL

-1
) compared to other isolates with 

an incubation time of 44 hours. Meanwhile, the 
highest protease activity of AP5 and BP14 
isolates produced at 44 hours incubation time 
was 26.24 ± 0.26 Unit.mL

-1
 and 17.94 ± 1.18 

Unit.mL
-1

 of enzymes per minute, respectively. 
The isolate of CK20 produced the highest 
protease activity by 24.62 ± 1.05 Unit.mL

-1 
of 

enzymes per minute at 48 hours of incubation. 

 
Figure 2. Proteolytic activity of potential isolates

 
Figure 3. Chitinolytic activity of potential isolates  
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The best chitinase activity was shown by BP14 
isolate with the chitinolytic activity of 0.813 ± 
0.10 Unit.mL

-1 
of enzymes per hour at 32 hours of 

incubation compared to other potential isolates. 
The highest chitinase AP5 isolate activity 
produced at 32 hours incubation time was 0.526 
± 0.08 Unit.mL

-1
 enzyme per hour, AP9 isolate the 

highest chitinase activity at 24 hours of  
incubation was 0.463 ± 0.05 Unit.mL

-1 
enzyme 

per hour, and CK20 isolate has the highest 
chitinase activity at 32hours of incubation, 
amounting to 0.763 ± 0.08 Unit.mL

-1
 of enzymes 

per hour.  
The highest enzymatic activities of both 

protease and chitinase were produced after 30 
hours of incubation time, which is a phase of 
bacterial growth ending the logarithmic phase. In 
the stationary growth phase, the activity of the 
enzymes produced is the same and not 
significantly different due to small and equal cell 
growth (p > 0.05). It indicated the highest 
enzymatic activity of Bacillus strains used in this 
study was reached at the end of the log phase or 
at the initial of the stationary phase. Protease 
enzyme of bacteria is produced during the 
beginning of the stationary phase to the middle 
of the stationary phase [14]. Meanwhile, the 
chitinase enzyme is produced during the middle 
of the log phase to the stationary phase [15]. 

Protease enzymes are secreted in the early 
bacterial growth phase entering stationary until 
the middle of the stationary phase [14], while the 
chitinase enzyme is produced in the mid-
logarithmic phase until the stationary phase [15]. 
Protease and chitinase enzymes are the results of 
primary metabolites by bacteria, so the protease 
and chitinase enzymes produced are used by 
bacteria for their growth, which are supported by 
a large number of cells in the final logarithmic 
phase and the stationary phase of bacterial 
growth. 

In this study, the optimization of pH and 
temperature to obtain the best enzymatic 
activity was not conducted yet. The proteolytic 
activity was categorized lower than the previous 
study. Bacillus subtilis can produce protease 
enzyme activity up to 243.28 Unit.mL

-1
 enzymes 

per h at 36 h incubation time on 45°C which has 
pH 10 [16]. The chitinolytic activity was 
categorized higher than the previous study. 
Acinetobacter johnsonii PBK2 and B. 
amyloliquefaciens SA1.2 have an activity of 0.213 
mL

-1
 units at pH 7 at a temperature of 30°C [17]. 

Thus, it is necessary to determine the pH and 
temperature optimum conditions for obtaining 

the best enzymatic activity before applying it 
directly in the environment. By combining 
protease and chitinase enzymes, the degradation 
rates of chitin fibers and protein in crab shell 
wastes can be enhanced.  

Bacillus species used in this study are 
potential candidates for biodegradation agents. 
In addition, these strains can be used to produce 
extracellular protease enzymes and chitinase for 
industrial-scale by degrading waste, which can 
improve the economic value. However, further 
study to optimization activity and 
characterization enzyme is still needed. 

CONCLUSION  
Indigenous Bacillus species from crab shell 

wastes were potential biodegradation agents due 
to their ability to produce high enzymatic 
activities, especially for the proteolytic and 
chitinolytic. This ability is still can be enhanced by 
the optimization for pH and temperature on their 
growth medium conditions. 
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Abstract 
The goal of this research was to evaluate the effect of colchicine on the formation and growth of shoot from explant 
crowns by in vitro, as well as to obtain polyploidy vetiver plant (Vetiveriazizanioides L. Nash). Induction of polyploidy 
vetiver plants carried out by culturing explant crowns on MS media supplemented by 2 mg.L

-1
 BAP and colchicine (0, 30, 

60, 90, 120 mg.L
-1

) for three weeks. Explant and formed shoot regenerated on MS media containing 1 mg.L
-1

 NAA. The 
generated plantlets acclimatized on the growing media (cocopeat: husk charcoal: compost = 1: 1: 2). Plant ploidy level 
of the plants regenerated from treated explant estimated by chromosome counting in root tips. The effect of colchicine 
on media was able to induce polyploidy in vetiver plants. Five mixoploids were obtained from explant treated 
colchicine. The vetiver mixoploid plants obtained were 20% and 62.5% from colchicine 60 mg.L

-1
 and 90 mg.L

-1
, 

respectively. The vetiver mixoploid plants consist of diploid (2n=2x=20) and triploid cells (2n=3x=30) or diploid 
(2n=2x=20) and tetraploid (2n=4x=40). The addition of colchicine in concentrations above 30 mg.L

-1
 caused inhibition of 

shoot formation and growth, even a concentration of 120 mg.L
-1

 caused explant death. However, 30 mg.L
-1

 colchicine 
could increase the number of formed shoots, while only 60 mg.L

-1
 and 90 mg.L

-1
 could be induced the mixoploidy in the 

vetiver plant. The results showed that colchicine treatment could increase ploidicity in vetiver plants in vitro, but caused 
inhibition of shoot formation and growth. 

Keywords : Chromosome, colchicine, in vitro, polyploid, Vetiveria zizanioides L. Nash. 

 

INTRODUCTION
1
 

Vetiver (Vetiveria zizanioides L. Nash) is a 
plant belonging to the Graminae group, which 
often used to produce vetiver oil essential oil. 
Vetiver oil is used as an ingredient in perfume 
and soap industry [1]. The world demands of 
vetiver oil reach 250-300 tons per year. However, 
Indonesia can only produce 75-200 tons per year 
from 2014-2017 [2,3].  

Polyploid plants have several advantages, 
including wider leaves, larger stems and stomata 
diameters, and larger oil glands, which yield 
more oil production [4] as well as more bioactive 
compounds [5]. Polyploid plants were also used 
in the utilization of plant germplasm for high 
secondary metabolites production [6]. Polyploid 
Echinacea purpurea L. has higher caffeic acid 
derivates and alkamides than its diploid [7]. 

In vitro polyploid induction can be done by 
adding colchicine to the media [8,9]. Colchicine 
binds to tubulin protein to inhibit its 
polymerization and no spindle thread to form, 
which plays a critical role in cell division. 
Chromatids fail to reach the poles and continue 
into the interphase phase with double the 
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number of chromosomes [10]. Polyploid 
induction with colchicine has been successfully 
carried out in Pogostemon cablin [4], vetiver 
grass [11], and ruzigrass [12]. This low production 
is caused by the limited availability of superior 
seeds, so there is a need to improve seedlings’ 
quality and quantity. Therefore tissue culture 
techniques are widely used to produce superior 
plants, one of which is the induction of polyploid 
plants [6]. 

In vitro induction of polyploid vetiver with 
colchicine was carried out to determine the 
effect of colchicine on the growth and formation 
of shoots and to obtain polyploidy vetiver. This 
study is important to get superior seedling of 
vetiver plants with high essential oil content and 
in large quantities. 

RESEARCH METHOD 
Plant Material 

Vetiver plants were obtained from Sengklek, 
Pamalayan Village, Bayongbong District, Garut, 
West Java. The shoots were harvested and 
surface sterilized with 96% alcohol for 1 minute 
and 50% bleach (5.25% NaClO) for 20 minutes 
and rinsed with sterile distilled water for 5 
minutes twice. Explant crowns were isolated and 
cultured on MS media supplemented with 2 
mg.L

-1
 BAP. Formed shoots were multiplied on 

MS media supplemented with 3 mg.L
-1

 BAP [13]. 
In vitro shoots were used as the initial explants. 
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Induction of Polyploid with Colchicine In Vitro 
Explant crown from in vitro shoots was 

isolated and cultured on MS media 
supplemented with 2mg.L

-1
 BAP and different 

concentrations of colchicines (0, 30, 60, 90, and 
120 mg.L

-1
). Each treatment performed with 

eight replicates. Cultures were incubated at 24 ± 
1°C for three weeks in light (600 lux). Percentage 
of survival explants, the percentage of explants 
that formed shoots, and the number of shoots 
formed were observed. 

Treated explant and formed shoots were 
transferred to MS media supplemented with 3 
mg.L

-1
 BAP without colchicine. Cultures incubated 

at a temperature of 24-25°C, in the light (600 lux) 
for three weeks. 

Shoots that developed after three weeks of 
culture transferred on MS media with 1 mg.L

-1
 

NAA for rooting. The cultures incubated at a 
temperature of 24-25°C, in the light (600 lux). 

Plantlets were transferred into planting 
media (cocopeat: husk charcoal: compost = 
1:1:2). Four weeks-old vetiver plants analyzed for 
its ploidy level. The ploidy level of plants was 
identified by chromosomes counting of the roots’ 
tip. 

Preparation of Chromosome and Estimation of 
Ploidy Level 

 Root-tips of the regenerated plant were 
pretreated in a 0.002 M hydroxyquinoline 
solution for 3 hours and fixed in ethanol-glacial 
acetic acid solution (3:1) at room temperature for 
an hour. The fixed root-tips were hydrolyzed in 1 
N HCl at 65°C for 3 minutes. The root-tips then 
soaked for three days in a 2% acetoorcein dye 
solution. The dyed root-tips was placed on the 
glass slide and covered with a glass cover and 
then squashed.  

Chromosomes were observed with an 
Olympus CX31 microscope with 1000x 
magnification. Ploidy level of the vetiver plants 
was estimated by chromosomal counting in root-
tips. If 2n=20, then it is considered as diploid 
plantlets, whereas if the chromosomes are 3n=30 
or doubles to 4n=40 or even more, then it is 
considered as polyploid. 

Data Analysis  
The research design used was a randomized 

block design with replications as a group. Data 
were analyzed by one way ANOVA (Analysis of 
Variance). If there is a significant difference, then 
it followed by the Duncan test at a confidence 
interval of 95% (α = 0.05). 

 

RESULT AND DISCUSSION 
Effects of Colchicine on Explant Growth and 
Shoot Formation 

Crown explants cultured on MS media 
without colchicine formed green shoots (Fig. 1A). 
Meanwhile, addition of colchicine in 
concentration above 30 mg.L

-1
 inhibited shoot 

formation and growth (Fig. 1C, 1D, 1E).  

 

 

 

 

 
 

Figure 1. Effects of colchicine addition on the growth of 
explant crown for three weeks culture. (A). 
control (without colchicine), (B). 30 mg.L-1, (C). 
60 mg.L-1, (D). 90 mg.L-1, (E). 120 mg.L-1 

Colchicine’s addition to the media affected 
the percentage of explants’ survival, percentage 
of shoot formation, and the number of shoots. 
The higher concentration of colchicine on media 
caused the percentage of explant survival, 
percentage of shoot formation, and the number 
of shoot per explant was lower.  

 

Figure 2. Effect of colchicine on percentage of explant 
survival and percentage of shoot formation (the 
same letter in the parameter showed no 
significance difference in Duncan Test α = 0.05). 

In the media without colchicine, the 
percentage of explants survival and shoots 
formation was 81%. The addition of 60 mg.L

-1
 

colchicine on media decreased the percentage of 
explants’ survival and shoots formation to 50% 
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and 47%, respectively. Meanwhile, the 
percentages of explant survival and shoot 
formation with the addition of 120 mg.L

-1
 

colchicine were only 19% and 13%. The highest 
percentage of explant survival (88%), as well as 
the highest percentage of shoots formation 
(81%), was recorded on MS media contains 30 
mg.L

-1
 colchicine (Fig. 2).  

The decrease in survival percentage of 
explants was caused by the toxic effects of 
colchicine. Colchicine, a highly poisonous 
alkaloid, originally extracted from Colchicum 
autumnale, is used in medicine, especially for the 
treatment of gout. Colchicine is a mutagenic 
chemical compound that can inhibit mitotic 
activity due to the binding of colchicine to tubulin 
and the nuclear spindle activity, thereby causing 
cell death [14]. Concentration above 0.1% of 
colchicine significantly decreased the percentage 
of survival explant and shoot regeneration in 
Humuluslupulus [15] and Paulownia tomentosa 
[16]. A high concentration of colchicine (above 
0.4%) in Pyrus communis L. triggered cell death 
due to its toxic effect [17]. 

Total shoots and number of shoots per 
explant on the control media were 14 and 4 
respectively on media. The addition of 60 mg.L

-1
 

and 120 mg.L
-1

 colchicine on culture media 
reduced the number of shoot up to 50-85% (Fig. 
3). The highest total shoot (17) and the number 
of shoot per explant (4) was observed on MS 
media contains 30 mg.L

-1
 colchicine. 

 

 
Figure 3. Effect of colchicine addition on media on the 

total shoots and number of shoots per explant 
(the same letter in the parameter showed no 
significance difference in Duncan Test α = 0.05). 

The reduction of shoot formation in the 
treatment with colchicine has a negative side 
effect, due to the use of antimitotic agents for 
inducing polyploidy in plants. Extreme genetic 

redundancy and somatic instability after 
chromosome doubling affect cell proliferation, 
regeneration, and shoot elongation. The previous 
result also showed that the regeneration rate in 
Rhododendron was highly lethal and have 
aberrations like reduced growth rate. In addition 
to doubling meristematic cells, high 
concentration could reduce the overall vigor of 
the plant [18]. In Marigold, explants were 
reduced significantly from 87.83% on 0.001% 
colchicine to 27.26% on 0.05% colchicines. 
Colchicine inhibited the formation of spindle 
fibers, resulted in polyploid cells. Colchicine, as 
an antimitotic agent, binds to plant cell tubulin 
dimmers, causing depolymerization of 
microtubules, thus disrupting the cell cycle [19]. 

Plantlet Regeneration and Acclimatization 
The shoots were able to form plantlets after 

colchicine treatment on MS media with 1 mg.L
-1

 
NAA addition (Fig. 4A). The regenerated plantlets 
were dark green and large (Fig. 4B). Plantlet that 
successfully regenerated on media without 
colchicine was 23 plantlets. Addition of 30, 60, 
and 90 mg.L

-1
 colchicine on media result in 20, 5, 

and 19 plantlets respectively (Table 1); no 
plantlet obtained at 120 mg.L

-1
. 

 

 
 

 
 
Figure 4. Plantlet regeneration and acclimatization from 

explant grown on media containing colchicines. 
(A). Shoot, (B). Plantlet, (C). Plant 

Table 1. Effects of colchicine at different concentration on 
plantlet regeneration and acclimatization 

Colchicine 
(mg.L-1) 

Number of 
plantlets 

Number 
of plants 

Acclimatization 
success (%) 

0 23 20 87 
30 20 18 90 
60 5 5 100 
90 19 18 95 

120 - - - 

Four weeks after transferring the plantlet to 
the greenhouse, the plant of vetiver has a rather 
large, green leaves (Fig. 4C). The acclimatization 
success rate of the plantlet was 87% -100%. Plant 
obtained from control media were 20 plants. 
Whereas, the number of plants obtained from 
colchicine treatment at 30, 60, and 90 mg.L

-1
 

were 18, 5, and 18 plants, respectively (Table 1). 
Shoot survival in Paphiopedilum villosum 

decreased as the concentration of colchicine 
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increased [20]. Furthermore, there was no 
significant difference between diploid and higher 
ploidy for the length or width of leaves in Hebe 
sp. [21]. The acclimatization success rate of 
plantlet Artemisia annua reached up to 65.89%. 
Mixoploid clones (84%) and tetraploid clones 
(82.67%) from colchicine treatment showed a 
higher success rate than diploid clones (61.68%) 
[22]. The acclimatization of Eriobotyra japonica 
tetraploid plantlet showed slow growth and the 
resulted leaves were wider than diploid plants 
[23]. 

Ploidy Level Identification 
Ploidy level of colchicine induced plants was 

determined by chromosomes counting in root-
tips. Control media produced diploid plants (Fig. 
5A). The addition of colchicine on media was able 
to induce mixoploidy, which is characterized by 
two or more types of ploidy in one individual 
plant. There was diploid (2n=2x=20), triploid 
(2n=3x=30) or diploid (2n=2x=20), tetraploid 
(2n=4x=40) (Fig. 5B). 

The addition of colchicine to the culture 
medium induces cell polyploidy through 
chromosome doubling. Polyploidy is the 
condition of having more than two sets of 
chromosomes. Polyploidy can be achieved by 
chromosome doubling leads to changes in gene 
dosage that causes chromosomal rearrange-
ments. Unreduced gametes transmit genetic 
diversity considered as effective alternatives for 
somatic chromosome doubling [24]. 

 
 
 
 
 

Fig 5. Vetiver cell chromosomes as a result of colchicine 
treatment by in vitro. (A) Diploid, (B) Mixoploid. 

Addition of colchicine on media induced 
polyploidy of regenerated plantlet. Plant 
regenerated from explant treated colchicine of 
30 mg.L

-1
 showed diploid level. Five mixoploids 

obtained from explant treated colchicine. One 
mixoploid (20%) obtained from the 60 mg.L

-1
 

colchicine, and five mixoploids (62.5%) obtained 
by 90 mg.L

-1 
colchicine (Table 2).   

Mixoploid is a condition in which the tissue 
composed of cells with different ploidy levels. 
Mixoploid shows that it was not all cells in the 
tissue exposed to colchicine compound changes 
in the amount chromosome. Mixoploidy is often 
associated with the occurrence of polyploidy, 

hybridization, chemical, and in the same case, it 
is genetically controlled [25]. 

Table 2. Effect of colchicine at different concentration on 
polyploid induction in Vetiveria zizanioides   

 
Colchicine  

(mg.L-1) 

Number 
of  plant 

Number 
of plants 

with 
observed 

roots  

Plants ploidy (%) 

 
Diploid 

 
Mixoploid 

0 20 5 100 0 
30 18 7 100 0 
60 5 5 80 20 
90 18 8 37.5 62.5 

Colchicine was a compound that used to 
induce polyploidy artificially. Colchicine as 
antimitotic compound, worked by duplicating the 
number of chromosomes, so that polyploid trait 
formed [23]. Colchicine induced polyploidy due 
to its ability to binds to tubulin proteins to 
inhibited polymerization of tubulin and no 
spindle threads, which plays a crucial role in cell 
division, so that chromatid separation couldn’t 
happen [10].  Addition of 0.01 % of colchicine 
could induced polyploidy in Bacopa monnieri [26] 
and mixoploidy in Physalis peruviana L. [27]. 
Furthermore, addition of 0.1 % colchicine in 
Trollius chinensisis thought to be optimal to 
induce the polyploid plants [28]. 

CONCLUSION 
Colchicine on media affected the shoot 

formation and growth of crown explants and 
induced the polyploidy of generated plantlets. 
The colchicine concentration above 30 mg.L

-1
 on 

media inhibited shoot formation and growth. 
However, 30 mg.L

-1
 colchicine can increase the 

number of the formed shoot. 
The addition of 60 mg.L

-1
 and 90 mg.L

-1
 

colchicine on media induced polyploidy in vetiver 
was 20% and 62.5%, respectively. Mixoploid 
vetiver plant consist of diploid (2n=2x=20) and 
triploid (2n=3x=30) cells or diploid (2n=2x=20) 

and tetraploid (2n=4x=40) cells. 
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Abstract 

Human activi ties such as agriculture, swimming, livestock, public washing, and the use of latrines  around the river are 
considered as major causes of damage to the river ecosystem, affecting the growth of  Macroinvertebrate, and thus 

assessing the condition of the river. This s tudy aimed to s tudy the composition of Macroinvertebrate  and the quali ty of 
water health in Sumber Maron River, in the village of Gondanglegi . This  research was conducted from March to April  2018. 
The method used in this  research was the quanti tative method using primary data. Research s tations  were identified by 
considering land-use in nine regions . The sampling technique of total macroinvertebrates  was the kicking technique using 
the manual mesh with a 500 µm applied to the submerged solid substrates. The data were analyzed using a BMWP Index 

and interpreted by calculating the Average Scores Per Taxon  (ASPT). The result of this research represented that there were 
20 taxa  of macroinvertebrates , which consisted of It belongs  to 8 orders  (Trichoptera, Coleoptera, Diptera, Tricladida, 
Decapoda, Odonata, Ephemeroptera, Plecoptera) and four class (Oligochaeta, Hirudinea, Gastropoda, Crustacea). Generally, 
the lowest taxa  groups found in the s tation A1 (3 taxa), which were the agricul ture and toilet (recreation area). Meanwhile, 

the highest taxa groups  were found in s tation B3, which was the recreation area, by a  total of 14 taxa. Macroinvertebrate 
with the lowest abundance was Gerridae at s tation A3, which respectively had the number of 1 ind.5m-2. Macroinvertebrate 
with the highest abundance was  Baetidae at the s tation B3, which is the recreation area, by the number of 549 ind .5m-2. The 

result of modified BMWP – ASPT analysis showed a  value of 3.3 – 5.75, which indicated that the condition of Sumber Maron 
River was ranging from bad to excellent category. The bad water condition was found in the agricul ture and toilet 

(recreation area), whereas  the excellent water condition was  found in the swimming pool (recreation area). Canonical 
Correspondence Analysis (CCA) revealed that environmental  variables were significant for an explanation of the variance in 
the family. 

Keywords: BMWP-ASPT, Macroinvertebrate, River.  

INTRODUCTION
*
 

The river is open water that is easy to be 
influenced by the surrounding area, either 

naturally or from human activities. The river and its 
streams are an integral part of the watershed area. 
There are two important factors that can affect the 

river ecosystem, namely the constantly flowing 
water as well as the input of organic matter from 
the surrounding area. Sumber Maron River is an 
area that attracts visitors and tourists. It is one of 

the environmental tourism located in the south of 
Malang, where there are natural animals and 
plants.  

Sumber Maron consists of three areas , the 

upstream, central , and estuary, each of which has 

                                                                 
* Correspondence address: 

Faiza Tawati  
E-mail : fzaya2004@gmail.com 
Address : Postgraduate School, University of Brawijaya, MT 

Haryono 169, Malang 65145. 

different characteristics. The river water is used for 
household purposes, daily washing, cooking, 
bathing, and personal cleaning. The river is also 

used for swimming and recreation. Although 
Sumber Maron is an area of springs that must be 
protected and away from business activities or 

other activities that can harm the environment 
with the waste they produce, but along this 
attraction, there are many food stalls scattered 
with a variety of menus. While dining in this tourist 

area, especially in canned food, people may not be 
aware of dumping surrounding wastes and 
damaging.  

Sumber Maron River contaminated in some 

areas due to waste from human activities. In 
addition, pollution comes from domestic, 
agricultural, and industrial waste. The most obvious 

result is an increase in the level of organic matter  
in water that is l ikely to decrease [1]. 
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Pollutants are organic and inorganic substances 

derived from human activities around watersheds. 
Thus, water quality is affected. Furthermore, 
changes in water quality will  affect the status and 

composition of the total living invertebrates of the 
river ecosystem. Macroinvertebrates are selected 
with their relatively stable characteristics as a 
biological indicator of water quality degradation 

due to the increasing activities human factors 
around watersheds. The community of these 
organisms has a rapid and consistent response to 
physical and chemical changes in water quality, 

thus can describe long-term environmental 
conditions [2]. 

In addition, the bioaccumulation study is not 

only used to detect environmental changes  but can 
also provide river resource management options 
and recommendations for bioprospecting studies 
on species that can be selected as  test animals [3]. 

The author, therefore, conducted research on bio-
assessment of the river using the BMP index to 
study the overall  composition of invertebrates and 
determine the health status of the Sumber Maron 

River in Village of Kepanjen, East Java. 

MATERIAL AND METHOD 
This study used descriptive qualitative method. 

A qualitative method was used to explore a 
problem that occurred. The process of this method 
includes the submission of questions and 
procedures, as well as collecting specific data from 

the research object. A qualitative method was used 
to examine the natural objects (opposite of the 
experimental method). The natural object itself is 

the object that is happened and characterized 
naturally without any intervention or manipulation 
by the researcher [4]. In this study, a survey was 
conducted directly for the sampling of macro-

invertebrates and river water at the predetermined 
research stations.  

Sumber Maron River is located in the 
administrative area of Karangsuko Village, Malang 

regency. Sumber Maron is one of the river areas 
near the springs, which had been set as a tourism 
destination in Malang regency since 2007. The 

management of the tourism destination set the 
protection of a minimum of 200 meters from the 
spring. The elevation of the area is 300 and 337.5 
meters above sea level. The temperatures range 

17.25
°
C and 30.7°C with the precipitation on the 

average of 1761 mm per year and the rainy 

duration of 84.85 days per year [5]. 

Data Collection 
The method of data collection in this research 

was observation, which is elaboorated in the 
selection, alteration, recording and coding of a 
series of behaviors and circumstances regarding 
the in-situ organisms in accordance with empirical 

goals [6]. The observation was obtained by 
observing research locations along the upstream 
area of Sumber Maron River in Gondanglegi Village 
to collect macroinvertebrate and samples directly.  

Sample was then assessed using modified 
index analysis of Biological Monitoring Working 
Party (BMWP). Furthermore, th e observation of 

macroinvertebrate and measurement of water  
parameters were performed in the laboratory. The 
determination of sampling stations was based on 
the map used in the surrounding area of upped 

Sumber Maron River in Gondanglegi Village (Fig. 1). 

 
Figure 1.  Macroinvertebrates and Water Sampling Stations 

Description:  

Upper Stream: A1, A2, A3  
Middle Stream: B1, B2, B3 

Downstream: C1, C2, C3 

Sampling Technique 
The macroinvertebrate sampling technique 

used the kicking method. Macroinvertebrate 
sampling tools and procedures were conducted in 
shallow waters allowing researchers to directly 

conduct direct sampling in rivers by using a wading 
suit, along 10 m in the riffle [1]. Brabander way of 
macroinvertebrate sampling was performed in an 

A1 

A2 

A3 

B2 

B3 
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C3 
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area of 10 to 20 m using a hand net, a mesh size of 

500 μm [7]. The sample was collected for 10 
meters for each research station and was obtained 
on a shallow area of the river with a hard 

substrate. The preservation of samples was using 
containers with alcohol 96%. Macroinvertebrates 
were identified to the family level. 

Data Analysis 

Analysis of the health status of Sumber Maron 
River is done after the identification of 
macroinvertebrate by calculating the composition 
and relative density of macroinvertebrate from 

each research station. Relative density is the 
percentage of individuals numbers per family 
divided to the total of individuals from the entire 

family of macroinvertebrate.  
Macroinvertebrates are assessed using the 

BMWP (Biological Monitoring Working Party) index 
and calculated using the ASPT (Average Score Per  

Taxon). The results were then categorized 
according to the ASPT value. ASPT was calculated 
by dividing the score of the number of 1 family 
with the total number of the entire families from 1 

sample [8]. ASPT score is categorized into six 
groups of interpretation (Table 1). Canonical 
Correspondence Analysis (CCA) with UPGMA 

cluster analysis also applied to reveal which 
environmental variables were significant to explain 
the variance in family abundance patterns.  

ASPT = 
𝐓𝐨𝐭𝐚𝐥 𝐬𝐜𝐨𝐫𝐞 𝐨𝐟 𝐁𝐌𝐖𝐏 𝐈𝐧𝐝𝐞𝐱

𝐓𝐡𝐞 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐡𝐞 𝐅𝐚𝐦𝐢𝐥𝐲 𝐟𝐨𝐮𝐧𝐝
 

Table 1.  ASP T score category 

ASPT Score Water Quality 

> 6  Excellent 

5.5 – 6.0 Very Good  
5.0 – 5.5 Good 

4.5 – 5.0 Moderate 

4.0 – 4.5 Moderate – Poor  

> 4.0  Poor 

Source: Galbrand et al. [8]. 

RESULT AND DISCUSSION  

Environmental Parameters 
Water quality of Sumbermaron River at 

Gondanglegi  Kulon Village, Malang, East Java 

described as follows. Substrates of the river base 
vary from large rocks, small stones, gravel, and 
sand. Physical and chemical properties are 
important for knowing water quality, as well as for 

supporting and assisting the life of 
macroinvertebrate. The results can be seen in 

Table 4. Temperatures ranged from 23.7-24°C and 

are considered a good range for the aquatic 
organism (optimum 20-30°C) [9]. The pH level of all 
stations is 7 and is still  ideal for the ecosystem [10]. 

The hardness level ranged from 192-200 mg.L
-1

 and 
classified as hard water [9]. BOD5 level ranged from 
3.8–14.5 mg.L

-1
 classified as polluted for natural 

waters [11], and COD level ranged from 12.24–

50.54 mg.L
-1

. 

Table 2. Physical and chemical indicators of each station 

Prop. Station (A) Station (B) Station (C) WHO 

°C 23.97±0.153 23.9±0.264 23.8±0.200 15 
pH 7.47±0.208 7.63±0.115 8.4±0.96 6.5-8.5 
BOD 8.51±4.34 8.20±5.59 6.28±3.74 5 
COD 30.12±19.28 29.15±19.84 23.85±14.19 0.2 
HD 200.67±5.03 196.67±3.06 194.0±5.29 150 

Notes: Prop. = physiscal and chemical properties, °C = 
temperature, HD = hardness. 

Macroinvertebrate Composition  

Observations of macroinvertebrate communi-
ties were conducted in the rainy and dry season. 
Parameters calculated in this study consisted of the 
abundance, relative density, richness, diversity, and 

composition. The results of observations of the 
macroinvertebrate composition were shown in 
Table 3 and Figure 2. There were 5389 individuals 
of macro-invertebrates collected in all  stations. The 

abundance of the macro-invertebrates collected in 
the rainy season (474.11 ±135.55) was higher than 
that in the dry season (124.67±53.52) (Table 3). All 

dominant families’ abundance had shown the same 
trend. 

Table 3. Mean of abundance of Macroinvertebrata collected 

from all stations in rainy and dry seasons 

Family 
Season 

Rainy Dry 

Baetidae 230.11 ± 69.01 46.67 ± 32.99 

Hydrobiidae 89.89 ± 43.66    30.78 ± 9.41 

Chironomidae 43.44 ± 20.49  22.33 ± 10.56 

Hydropsychidae 33.22 ± 13.83  8.67 ± 6.70  

Heptagenidae 33.89 ± 20.35  5.22 ± 3.72  

Tipulidae 20.11 ± 18.25  0.22 ± 0.22  
Atydae 4.67 ± 2.59  2.78 ± 1.69  

Grapsidae 4.89 ± 2.41  0.89 ± 0.56  

Elmidae 3.56 ± 1.36  1.56 ± 0.78  

Rhyachophilidae 3.89 ± 1.79 0 

Miscellenies 8.44 ± 2.15   7.56 ± 2.90 

Total  abundance  474.11 ± 135.55 124.67 ± 53.52 

Observations and identification conducted 
during the study showed that macroinvertebrates 
found in the Sumber Maron River consisted of 18 

families in the rainy season and 16 families in the 
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dry season.  It belongs to 8 orders (Trichoptera, 

Coleoptera, Diptera, Tricladida, Decapoda, 
Odonata, Ephemeroptera, Plecoptera) and 
fourclass (Oligochaeta, Hirudinea, Gastropoda, 

Crustacea). 

 

Figure 2. The abundance of macro-invertebrates in all 

locations both in rainy and dry seasons 

The lowest mean of individuals was found in 

upstream both in the rainy season (53.67±19.33 
individual) and in the dry season (19.61±4.04 
individual). Meanwhile, the highest was found in 
the middle stream both in the rainy season 

(715.67±228 individual) and in the dry season 
(202.9±143.09 individual). The stations in upstream 
had the lowest abundance due to substrate that is 

dominated by sand and mud. Some species  live 
among vegetations, and the others l ive in the mud. 
It is because the pil lars of this station differed from 
sand and gravel to rock. Odum explained that flat 

and gravel environments are good environments 
for large invertebrates and an environment 
suitable for invertebrate growth [12]. 

The lowest mean of families was found in 
upstream, both in the rainy season (5.67±1.76 
families) and in the dry season (4.66 ± 0.88). That 
station had the lowest number of taxa due to the 

substrate that is dominated by sand and mud. 
Some species live among vegetations , and the 
others live in the mud. 

The highest number of families was found in 

the middle stream with the mean of 12.33 ±1.2  
families in rainy season dan 10.67±1.67 families in 
the dry season. Those were including 

Chironomidae, Tipulidae, Baetidae, Caenidae, 
Hydropsychidae, Rhyacophilidae, Grapsidae, 
Atydae, Hydrobiidae, Valvatidae, Perlidae, 
Planaridae, Elmiidae, and Lumbriculidae. 

Substrates of this station were varied from sand, 
gravel to rocks. Flat stone and gravel  are good 

environments for macroinvertebrates  [12]. 

The lowest diversity was found in upstream, 
both in the rainy season (1.18±0.18) and in the dry 
season (1.12±0.13) Figure 3. The highest diversity 

was found in the middle stream with the mean of  
H’ index was 1.42±0.05 in dry season Figure 4. 
Based on the score, the diversities of Macro-
invertebrate were considered fair condition. 

Statistical analysis of variance showed that the 
taxa richness (F=12.94; P<0.001) of macro-
invertebrates were significantly higher in the 
middle stream, while there were no significant 

differences of the abundance and diversity 
between seasons and among locations. Several 
groups showed variation in the abundance 

between seasons and among locations. Baetidae, 
Hydrobiidae, and Rhyachophilidae responded to 
the seasons. Meanwhile, Baetidae, Hydrobiidae, 
Hydropsychidae, Atydae, and Rhyachophilidae 

responded to the locations . The interaction effect 
of season and location was significant to 
Hydrobiidae and Rhyachophilidae (Table 4). 
However, many families were not significantly 

different between season and among stations. 

 

Figure 3. The taxa richness (number of families) of macro-

invertebrates in all locations both in rainy and dry 
seasons 

 
Figure 4. The diversity of macroincvertebrates in all 

locations both in rainy and dry seasons 

0

100

200

300

400

500

600

700

800

900

1000

Upstream Middle Stream Downstream

A
b

u
n

d
an

ce
 (

N
o

. o
f 

In
d

)

Location

rainy

dry

0

2

4

6

8

10

12

14

16

Upstream Middle Stream Downstream

R
ic

h
n

e
ss

 (
N

o
 o

f 
ge

n
e

ra
)

Location

rainy

dry

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Upstream Middle Stream Downstream

D
iv

e
rs

it
y 

(H
')

Location

rainy dry



 
 
 

J. Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Benthic Macroinvertebrate along Sumber Maron River  
(Tawati, et al.)  

16 

Tabel.4. Summary of F values followed by degree of 

significance using ANOVA of the abundance, taxa 

richness and diversity of several Macro-

invertebrate (Benthos) families 

Group Season (S) Location (L ) S*L  

Baetidae 13.22** 9.31** 3.08 

Hydrobiidae 4.95* 10.77** 5.84* 

Chironomidae 0.76 0.84 0.41 

Hydropsychidae 4.00 5.11* 1.45 

Heptagenidae 2.00 1.23 1.12 

Tipulidae 1.21 1.08 1.03 

Atydae 0.54 5.19* 0.37 

Grapsidae 2.24 0.24 0.63 

Elmidae 1.27 0.25 0.05 

Rhyachophilidae 36.03*** 27.56*** 27.56*** 

Miscellenies 0.09 3.35 1.81 

Abundance 9.95 5.82 2.03 

Taxa richness 3.05 12.94*** 0.23 

Diversity 0.06 0.90 0.81 

Among the families, Baetidae, Hydrobiidae, 
Chironomidae, and Hydropsychidae were dominant 

in all  stations both in rainy and dry seasons (Figure 
5). These dominant families classified as a 
combination of moderate polluted groups , e.g. 
Hydropsychidae, Baetidae, and Gastropoda: 

Hydrobiidae, and heavily polluted, e.g. 
Chironomidae. Baetidae can be used as a 
bioindicator of mild pollution originating from 
organic materials. Based on the description of INP, 

it was concluded that the farther the spring was, 
the lower the organic material pollution level , or 
the better water quality of the channel , as 

indicated by the increase in the abundance of 
varieties in Baetidae. 

Quingley [13] states that Chironomidae can be 
found in all  types of water and prefer to l ive in 

mud. Chironomidae is tolerant of polluted water. 
Chironomidae can also be used as an indicator that 
the majority of the river's land is mud. 

Diptera is a type of large invertebrate that loves 
to live in the mud substrate [14]. This means that 
the discovery of Chironomidae in large quantities 
means very suitable for gravel, sand, and mud. The 

Hirudinea group can withstand low oxygen levels 
and high levels of water pollutants [15]. It means 
the river polluted with high organic pollutants due 
to Planaridae found in it. 

The result of the UPGMA cluster analysis 
showed that micro-invertebrate was assemblage 
according to season except in upstream. 

Macroinvertebrate compositions in rainy seasons 
between the middle stream and downstream 

branched at 56.1%. Macroinvertebrate composi -

tions in dry seasons between the middle stream 
and downstream branched at 51.5%. Branching of 
the macroinvertebrate compositions in upstream 

between rainy and dry seasons occurred at 49.3%. 
All  compositions from two seasons and three 
locations had less than 20% similarity (Fig. 6).  

The level of similarity between communities in 

the range of 40-60 is classified medium while under 
40% is classified as low. It shows that macro-
invertebrate spread is relatively uneven. This 
situation may because macroinvertebrates 

classified as sessile animals with relatively limited 
movement [16].  

 

 

Figure 5. The number of macroinvertebrates families for 

each station in Sumber Maron River in rainy and 

dry seasons 

 
Figure 6. Community compositions between macro-

invertebrate between rainy season and dry 

season and among the locations 

Rainy season Dry season

RU

RM

RD

DU

DM

DD

Legend: 
RU = rainy season upstream
RM = rainy season middle stream
RD = dry rainy season down stream
DU = dry season upstream
DM = dry season middle stream
DD = dry season down stream
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Canonical Correspondence Analysis (CCA) 

revealed that environmental variables were 
significant for the explanation of the variance in 
family abundance patterns (Fig. 7). The sum of the 

first two canonical eigenvalues was 0.45. The first 
axis explained 46.4% of the family-environment 
relations, while the second explained 37.6% of the 
family-environment relations. All  environmental 

factors had no significant effect on the family-
environment (P > 0.05). It means the distribution of 
family abundance between season and among the 
sites was not influenced by environmental factors.  

Although some families largely responded to 
the season, the environmental factor did not shape 
the formation in general . Pollution of the 

environment is one of the most important 
problems and challenges facing the world. Rivers 
are exposed to pollution as a result of the dumping 
of wastes loaded with biodegradable organic 

matter such as the remains of dead foods and 
animals and pesticide residues. Empty containers 
or toxic and hazardous chemicals containing 
pathogens found in rivers and valleys, the 

community is exposed to many diseases. It reduces 
the quality of freshwater for uses and becomes a 
barrier to human health, agriculture, and industry. 

Water pollution leads to a shortage and scarcity of 
environmental resources and health and social 
problems negatively affect the economic 
performance that will  threaten food security. 

 

Figure 7. Analysis of CCA of macroinvertebrate family group 

in response to environmental variables 

Analysis of River Health St atus  

The analysis of the health status of Sumber 
Maron River in Gondanglegi Village was obtained 
using the Biological Monitoring Working Party 

(BMWP) index and the calculation of ASPT. The 

result demonstrated a score of 3.33-5.75. It 

indicates that the water quality of the Sumber  
Maron River ranged from poor to very good 
quality. Based on the analysis by using the 

modification of the BMWP index, the result of the 
classification of macroinvertebrates in Sumber 
Maron River, Gondanglegi Village, Kepanjen 
obtained from the grouping of nine observa tion 

stations as in Table 4. 

Table 4. Classification of macroinvertebrata in Sumber 

Maron River  o f nine stations 

No.  Station  ASPT Water Quality Status  

1 Station A1 3.33  poor 

2 Station A2 4.2  moderate-poor 

3 Station A3 2.66  poor 

4 Station B1 4.55  moderate 
5 Station B2 4.71  moderate 

6 Station B3 4.88  moderate 

7 Station C1 4.8  moderate 

8 Station C2 5.75  very good  

9 Station C3 4.85  moderate 

The result of BMWP modification analysis that 
belongs to very good waters is station C2, which 
has ASPT value 5.75. The high value of ASPT at the 

station is due to Heptagenidae, Caenidae, and 
Perlidae. Water quality at station C2 is the current 
velocity as high as fast, high dissolved oxygen, type 

of large rock substrate, gravel, and sand. 
Plecoptera species are present among the litter, 
algae, or under rocks in flowing waters, usually 
found only in waters with high oxygen content, 

never present in polluted waters, to be used as 
biological indicators. Therefore, the presence of 
Trichoptera and Plecoptera larvae is used as an 
indicator that the aquatic environment is good 

[17,18].  
Although at station C2 is sti ll very good waters, 

it has obtained a type of macroinvertebrate that 

has a low score, namely Chironomidae. A river dam 
has been created at this station for recreation 
purposes. It can contribute to the level of hardness 
derived from the use of soap.   

The results of BMWP modification analysis that 
are classified as moderate water quality are station 
A2, B1, B2, B3, C1, and C3, which has an ASPT value 

ranging from 4.2 to 4.88. Macroinvertebrates with 
the lowest scores were found at these stations 
because it was used as tourist attractions (pools). 
Tourists often swim and influence the substrate 

changes; the substrate is strongly related to life for 
macroinvertebrates [19]. If there is a rainy season, 
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then the land on the plantation land will  fall  into 

the river that will  cause changes to the bottom of 
the river basin into the mud, and mud is a good 
habitat for the Diptera class. Diptera is a type of 

macroinvertebrate that prefers to l ive on mud 
substrate, as well as most Chironomidae larvae 
found in a shallow pond, lake, and calm river [15]. 

The result of BMWP modification analysis, 

which classified as very bad (poor quality waters) 
are A1 and A3 stations, with ASPT value ranged 
between 3.33 and 2.66. Macroinvertebrates with 
the lowest scores have been found in this station. It 

is due to the discovery of Lumbriculidae type 
macroinvertebrates. Also, these stations have been 
used as tourist attractions (pools), where tourists 

often swim and influence substrate changes, where 
the substrate is strongly related to l ife for 
macroinvertebrates. 

CONCLUSION  

The chemical, physical , and biological 
properties of water quality in the Sumber Maron 
River were obtained as follows. The temperature 
ranged from 23.6-24.2°C, the pH of the water was 

7-9, hardness ranged between 190-206 mg.L
-1

, BOD 
ranged from 3.8-14.5 mg.L

-1
, COD ranges from 

10.31-50.54 mg.L
-1

, and all  results are within WHO 

standards.  
The abundance of macroinvertebrates collected 

in the rainy season was higher than that in the dry 
season and all the dominant families’ abundance 

showed the same trend. The macroinvertebrates 
found in the Sumber Maron River consisted of 18 
families in the rainy season and 16 families in the 

dry season, which belong to 8 orders. 
The result demonstrated a score of 3.33-5.75. It 

indicates that the water quality of the Sumber  
Maron River ranged from poor to very good 

quality. 
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Abstract 
Geranium plant (Pelargonium graveolens L'Her) is one of the geranium oil-producing plants that has many benefits. 
Callus culture is a technique that can be used to plant multiplication and increase production of secondary metabolites. 
This study aims to determine the effect of the concentration of Benzyl Adenine on the formation of geranium callus 
from petiole and leaf explants. Callus induction was carried out by culturing petiole and leaf explants on MS medium + 
0.1 mg.L

-1 
NAA + Benzyl Adenine (0; 0.5; 1; 1.5 and 2 mg.L

-1
). Callus morphological parameters, percentage of callus 

formation, and time of first callus formation were observed. The formation of geranium callus influenced by the explant 
type and the concentration of Benzyl Adenine. In the 2

nd
 week, the geranium callus was initiated, light green colored 

with a compact callus texture. At 4
th

 week, the percentage of callus formation containing NAA 0.1 mg.L
-1

 of petiole and 
leaf explants was 20% and 8%, whereas the percentage of callus formation on medium containing 0.1 mg.L

-1 
NAA 

combined with 0.5-2 mg.L
-1 

Benzyl Adenine of petiole and leaf explants was 52-80% and 24-52%. The best percentage of 
callus formation was found on the culture medium containing 1 mg.L

-1 
Benzyl Adenine, equaled 80% of petiole explants, 

and 52% of leaf explants. 

Keywords: BA, Callus, Leaf, Petiole, Pelargonium graveolens L’Her. 

INTRODUCTION 
Pelargonium graveolens L'Her or known by 

the name Geranium plant is one of the geranium 
essential oil-producing plants that have many 
benefits such as cosmetics, perfume and can 
overcome several health problems [1-2]. The 
high demand for geranium oil has not been well 
fulfilled by total production. Global geranium oil 
production is estimated at only 250-300 tons per 
year, while demand for geranium oil is more than 
800 tons per year [3]. Based on this there is an 
opportunity to increase geranium oil production 
through callus culture techniques. 

Callus culture techniques in addition to plant 
propagation techniques are also one of the 
techniques for the production of secondary 
metabolites [4]. Callus culture techniques has 
several advantages such as controlled 
environmental factors so that it is not influenced 
by climate, season, pests and plant diseases and 
can produce secondary metabolites that are 
more consistent in a shorter period of time [5]. 

Growth and formation of callus in culture was 
influenced by plant growth regulators (PGR) 
auxin and cytokinin. The use of PGR alone or in 
combination with the right concentration can 
induce and increase callus growth so that better 
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results are obtained. The use of a combination of 
PGR auxin and cytokinin greatly influences the 
determination of the type of morphogenesis. The 
balance of hormones in cells against auxiliary 
PGR auxin and cytokinin determines the 
differentiation process [6-7]. The combination of 
auxins and cytokinins properly stimulates cell 
division so that it can induce callus formation [8].  

Callus induction is strongly influenced by the 
type and concentration of plant growth 
regulators. NAA and BA are types of auxins and 
cytokinins commonly used for callus induction. In 
Astragalus nezakate plants, the response of 
callus formation and bud regeneration on MS 
medium with the addition of NAA and BA was 
more effective than the addition of other plant 
growth regulators [9]. The use of 0.05 mg.L

-1
 NAA 

and 5 mg.L
-1

 BA could increased the frequency of 
callus formation in Catalpa bungei [10]. 
Arthemisia absinthium callus induction on MS 
medium with the addition of BA combined with 
NAA, 2,4-D or IBA is also able to form callus up to 
100% [11]. 

The use of different types of explants can also 
provide a different callus growth response [12]. 
The use of appropriate explants in each species is 
a major factor in the success of callus culture. 
Callus formation from Eurycoma longifolia Jack 
explants was faster than leaf explants [13]. While 
the use of Catalpa bungei stem explants is less 
responsive in forming callus compared to leaf 
explants [10]. 
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The results of these studies, it appears that 
the response of callus formation depends on 
plant genotype, type of explant and formulation 
of the medium used. This study aims to 
determine the effect of Benzyl Adenine 
concentration on callus formation of geranium 
plants (Pelargonium graveolens L'Her.) from 
petiole and leaf explants. 

MATERIALS AND METHODS 
Petiole and leaf explants of geranium plant 

(Pelargonium graveolens L'Her) were used for 
callus induction. The explants surface was 
sterilized using a 20% commercial whitening 
solution  (containing 5.25% NaClO) for 5 minutes 
and rinsed by using sterile distilled water twice 
each for 5 minutes. Sterile explants were 
cultured on MS medium with the addition of 
plant growth regulators, namely NAA (0.1 mg.L

-1
) 

combined with several concentrations of plant 
growth regulators BA (0; 0.5; 1; 1.5 and 2 mg.L

-1
). 

Each treatment was repeated 5 times (bottle), 
each bottle was cultured with 5 explants. The 
culture was incubated at room temperature (25 ± 
1)°C and 600 Lux light. 

The effect of each combination treatment of 
plant growth regulators on petiole and leaf 
explant was determined by observing callus 
morphology and percentage of callus formation, 
including time of first callus formation. 
Quantitative data were analyzed using ANOVA, 
and the averages compared using the Duncan 
multiple range tests (DMRT) at a significance 
level of 5% (P <0.05). 

RESULTS AND DISCUSSION 
Geranium callus can be induced from petiole 

and leaf explants cultured on MS medium with 
the addition of plant growth regulator Benzyl 
Adenine (BA) combined with NAA. Formation of 
the geranium callus was initiated in the 2

nd
 week 

after induction. The formed geranium callus was 
light green with a compact callus texture first 
visible on the edge of the explant cut, followed 
by the entire explant surface (Fig. 1). 

Induction of geranium callus influenced by 
the type of explant and BA concentration, both 
factors have a significant effect on callus 
formation and growth. At 4

th
 week after 

induction, the percentage of callus formation 
from petiole explants showed better results 
compared to leaf explants, which was 54.4% 
compared to 32.8% (Fig. 2). The percentage of 
callus formation was different. It indicates that 
the ability of petiole and leaf explant of geranium 
was different. 

After it was induced in MS medium by the 
addition of several concentrations of Benzyl 
Adenine, the percentage of geranium callus 
formation increased significantly. The addition of 
PGR BA on MS medium combined with NAA was 
able to produce a better callus formation 
percentage of petiole and leaf explant compared 
to the percentage of callus formation on MS 
media with NAA addition (control). The 
percentage of callus formation on the medium 
containing 0.1 mg.L

-1 
NAA was 20% of petiole 

explant and 8% of leaf explant, whereas the 
percentage of callus formation on the medium 
with the addition of 0.5-2 mg.L

-1
 BA combined 

with 0.1 mg.L
-1

 NAA was 52-80% of petiole 
explant and 24-52% of leaf explant.  

The effect of different concentrations of PGR 
BA could affect the percentage callus formation 
of geranium. The percentage of callus formation 
on the medium with the addition of 1 mg.L

-1
 BA 

with a combination of 0.1 mg.L
-1

 NAA indicated 
the best results and increased significantly (± 4 
times higher than the control) equaled 80% of 
petiole explants and 52% of leaf explants (Fig. 3).

 

 

 

 

 

 

 

 

 

Figure 1. Response of callus growth from petiole and leaf explants on the medium with the addition of plant growth regulator 
0.1 mg.L-1 

NAA combined with several concentrations of BA 
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Figure 2. Effect of explant types on percentage of 

formation of geranium callus at week 4 of 
culture. Note: The same lowercase notation 
shows no significant effect (DMRT P <0.05)  

 

 

 

 

 

 

Figure 3. Effect of explant type and various concentrations 
of PGR BA combined with 0.1 mg.L-1 NAA on the 
percentage of geranium callus formation. Note: 
The same lowercase notation indicate no 
significant effect between different PGR BA 
concentrations, while the same uppercase 
notation indicates no significant effect between 
different types of explants (DMRT P <0.05) 

The different responses of the formation and 
growth of different callus of petiole and leaf 
explants could be influenced by the physiological 
conditions of each explant. Different explants 
indicated different cleavage responses [14]. 
Several factors, such as plant genotypes, explant 
sources, mediums, and plant growth regulators 
on the medium, influenced formation and 
growth of callus [15]. Younger tissue and actively 
splitting explants provided faster and more 
responsive callus formation [16,17]. 

Besides being influenced by the type of 
explants, the formation and growth of callus 
were also influenced by the balance of plant 
growth regulators used. Benzyl adenine was a 
stable and effective synthetic cytokinin to 
accelerate callus development and growth [18]. 
The combination of suitable plant growth 
regulators was a major factor in the success of 
callus culture [10]. The difference in frequency of 
callus formation could be influenced by the 

balance of concentration of plant growth 
regulators used [17]. 

The addition of exogenous plant growth 
regulators into the medium increased the 
concentration of endogenous hormones in the 
cell. It can trigger the process of growth and 
tissue development [19]. The right combination 
of plant growth regulators (auxin and cytokinin) 
will stimulate cell division [8]. Plant growth 
regulators exclusively regulate the division and 
growth of plant cells. It served to trigger 
multiplication callus cells that were important for 
the production of secondary metabolites [20]. 

CONCLUSION 
Geranium callus formation could be induced 

from petiole and leaf explants. In the 2
nd

 week, 
the geranium callus was initiated. The percentage 
of callus formation of petiole explants (54.4%) 
was better than that of leaf explants (32.8%). The 
addition of PGR BA combined with NAA could 
increase the percentage of callus formation from 
petiole and leaf explants. Benzyl Adenine, with a 
concentration of 1 mg.L

-1
, was able to form callus 

with the highest percentage of explants petiole 
(80%) and leaf explants (52%). 
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Abstract  

Hormonal fluctuations in livestock will affect vaginal cytology good overview on the condition of estrous until 
pregnancy. The purpose of this study was to determine the physiological condition of Ongole crossbred (PO) cow during 
estrous and determine pregnancy by the description of vaginal epithelial cells, progesterone, and estrogen hormone 
profiles. The materials were used 35 cows with physiological status (estrous, 5

th
 pregnancy period, 16

th
 pregnancy 

period, 22
nd

 pregnancy period, and 60
th

 pregnancy period). Samples of Vaginal smear were stained with Giemsa, then it 
was observed using a microscope, with 40 times magnification. The progesterone and estrogen were analyzed by the 
ELISA method. The parameters measured were the percentage of vaginal epithelial cells, such as (parabasal, 
intermediate, and superficial) started estrous phase until the time of pregnancy in cows (5, 16, 22, and 60 days), 
hormone concentration, as well as the presence or absence of leukocytes. The result showed the Ongole crossbred cow 
estrous phase percentage of superficial cells 56.27%±6.49 higher than 26.23%±7.98 intermediate cells, followed by 
parabasal cells 17.50%±4.74. While in Ongole crossbred that were 5t

h
 pregnancy period until the 60

th
 predominantly 

intermediate cell 80.43%±1.31, then the superficial cells 18.09%±1.30 and 1.48%±0.04 parabasal cells. Progesterone 
concentration was 63.74±1.07 ng.mL

-1
 in estrus cows, and steadily increased  93.71±0.94 ng.mL

-1
 to 149.5±0.71 ng.mL

-1
 

in pregnant cows (5-60 days). The concentration of high estrogen levels were 122.38 ± 0.63 ng.mL
-1

 in the estrous 
phase, then decreased 81.54±0.44 ng.mL

-1
 in the pregnancy phase. In conclusion, the concentration of hormone 

showed a diagnosis of pregnancy, which done by looking at changes in vaginal epithelial cells at the Ongole crossbred 
cow, and the cow estrous phase showed greater superficial cells compared by pregnant cows (5-60 days). 

Keywords: diagnosis of pregnancy, estrous, hormone, Ongole crossbred of cow, vaginal cytology.  

INTRODUCTION
*
 

The accuracy of the detection of estrous in 
Ongole cow is one of the critical success factors 
for mating success and high pregnancy rates for 
breeding animals. Detection of estrous in cows 
can be seen through animal behavior, body 
temperature, and external genital organs 
condition [1]. However, each individual of the 
Ongole crossbred cow can show the response 
changes in sexual behavior. So it is not enough to 
determine the appropriate time for the marriage. 
Mating success in livestock will be characterized 
by the occurrence of pregnancy. During this time, 
many Ongole cow repeat breeding, and also 
considered to be pregnant but are not 
parturition. Therefore, the diagnosis of 
pregnancy needs to know as early as possible. 

Generally, pregnancy diagnosis can be 
determined by Rectal palpation examination and 
ultrasonography (USG). However, in its 
application of this method has two weaknesses, 
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new rectal palpation can be performed on the 
45

th
 day of gestation and ultrasonography on the 

30
th

. Further, the application field assistant jobs 
require reproduction (ATR) experienced to 
ensure pregnancy [2]. 

Based on that condition by observing changes 
in vaginal epithelial cells as detection estrous 
cycle until the time of pregnancy. There have 
been many studies done using vaginal smears 
during the estrous cycle in sheep [3], monkeys, 
deer, and bears to know the estrous cycle [4]. 
However, little is known about this research in 
cows, especially Ongole cow.  

According to Johnston et al. [5] on the estrous 
phase of vaginal epithelial cells are superficial 
and cornification cells. The luteal phase vaginal 
epithelial cells transformed into cells parabasal. It 
happens because of the hormonal control during 
the estrous phase (follicular) Gonadotropin-
releasing hormone (GnRH), which is a peptide 
hormone secreted by the hypothalamus tropic. 
GnRH stimulates the release of FSH and LH from 
the anterior pituitary gland. FSH stimulates the 
growth of follicles to produce estrogen. The 
luteal phase formed the corpus luteum, which 
produces the hormone progesterone, so that the 
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endometrium is ready to accept implantation and 
ended in pregnancy [6]. Seeing the problems and 
potential in an increase in cattle reproduction 
Ongole cow, then we research to determine the 
physiological conditions that occur in estrous 
phase/mating properly and pregnancy diagnosis 
through cytological changes in vaginal epithelial 
cells, as well as progesterone and estrogen 
hormone fluctuations. 

MATERIAL AND METHOD 
This research conducted by farmer in the 

village of the district Nguling Grati, Pasuruan, and 
cage experiments at Beef Cattle Research, Animal 
Diseases Diagnostic Laboratory (ADD Lab). It 
started in February to April 2019. 

Material Research 
This study used 35 Ongole crossbred (PO) 

cow, which divided into five groups based on the 
physiological status of livestock, namely as 
follows. Group I cows that are not pregnant 
(estrous), group II pregnant cow day 5 after 
artificial insemination (AI), Group III to 16-day 
post-AI, Group IV on day 22 post-AI, and group V 
day 60 post-AI. The use of cows for the research 
was approved by the ethics committee, 
Brawijaya University (No. 1140-KEP-UB). 

Vaginal smears 
The pillowcase vaginal sample collection is 

done every day for one estrous cycle, that is by 
making a smear of the vagina. Vaginal smear was 
taken using sterile cotton (cotton swab) soaked 
with physiological saline. Subsequently, swabs 
smeared on glass objects until it forms a thin 
review and aerated. We reviewed the vaginal 
epithelium, which is dry, then fixed in methanol 
for 5 minutes. Furthermore, staining with Giemsa 
10% for 45 minutes [7]. Then washed with 
running water and dried in air. Mixture swab 
examined under a microscope with a 
magnification of 40 times for the observation of 

the percentage of the number of vaginal 
epithelial cells.  

Observations were made based on the 
number of 300 cells in each preparation were 
observed. Vaginal epithelial cells observed then 
calculated according to the group of each estrous 
cycle phase that has been determined. Criteria 
for determining the physiological state based on 
the epithelial cell shape changes (Table 1) [8]. 

Progesterone/Estrogene Serum Measurement  
ELISA was used to measure the concentration 

of progesterone and estrogen serum (ng.mL
-1

). A 
commercial kit was used (Cusabio Technology 
LLc; Bioassay Technology Laboratory, 
Cat.No.E0240Bo). A collection of blood 10 mL 
from the jugular vein for the examination of 
progesterone concentrations conducted during 
the estrous, pregnant cow day 5 after artificial 
insemination, 16-day post-AI, day 22 post-AI, and 
day 60 post-AI. Confirmation of pregnancy by 
rectal palpation 45 days after AI. Serum 
recovered by centrifugation (15 minutes at 4000 
rpm) and stored at -20°C until being assayed [9]. 

Parameter 
The criteria phase of the estrous cycle and 

pregnancy is determined based on the 
percentage of the epithelial cell morphology 
picture. The diestrous phase is not formed on the 
cells of the superficial, proestrous phase cells are 
found intermediates and the percentage of 
superficial cells increased. Then the estrous 
phase of the vaginal epithelial cells formed many 
superficial/cornification. 

Parameters measured were the percentage of 
the vaginal epithelium (superficial, intermediate, 
parabasal), the presence or absence of 
leukocytes cells, and the concentration of 
progesterone and estrogen hormone.  

Data Analysis 
Data were analyzed descriptively. 

Table 1. Criteria for determining the physiological state based overview of the epithelial cell lines 

Epithelial cells Epithelial cells form Phase 

Superficial cells Polygonal-shaped cells / flat without a core, 
Cytoplasm great discount, and the edges of the 
cell such as folding 

Estrous 
(Follicular) 

Intermediate cells Large cell with a small core Pregnant 
(Luteal) 

parabasal cells Cells are round, small and large core Pregnant 
(Luteal) 
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ii i 

RESULT AND DISCUSSION 
 

Vaginal Epithelial Cells 
Based on observations of vaginal epithelial 

cells in the Ongole cow indicates that there are 
parabasal, superficial, and intermediates cells 
[10]. The observation of the vaginal smear shown 
in Figure 1. Percentage of epithelial cells estrous 
cows successively showed superficial cells 
56.27%, 26.23% intermediate cells, and parabasal 
17.50% (Table 2). 

 

 
 
 
 
 
Figure 1.  Cytology of vaginal swab with Giemsa staining 

at PO cow estrous phase (Leukocyte (i), and 
superficial cells (ii) 

Based on the reproductive status of the 
estrous percentage of superficial cells are more 
dominant and have found their neutrophil cells. 
The increase in superficial cells along with higher 
estrogen concentration in the estrous phase is 
122.38±0.63 ng.mL

-1
, with the lowest concentra-

tion of progesterone 63.74±1.07 ng.mL
-1

 (Fig. 3, 

Table 1). It is consistent with previous studies 
Junaidi [11] that the phase of the estrous 
increase superficial cell and concentration of 
estrogen in the blood is high. The results of the 
previous study showed that estrogen hormone 
concentrations increased at the peak of estrus, 
which was 223.13±9.50 ng.mL

-1
, then decreased 

in the metestrus phase 10.05±98.03 and diestrus 
67.37±8.75 ng.mL

-1 
[9]. 

A study reported that in cow, an increase in 
the superficial cell of the early estrous little, 
medium, and then very much during peak 
estrous [12]. Similar results also reported by 
Schuttle [13] stated that the superficial cells in 
the vaginal swab as a specific marker by the 
concentration of estrogen. Superficial cells out of 
the basement membrane and evolved from other 
cells, then the cells will mature as happened 
cornification [14].  

According to Najamudin et al. [4], when once 
estrus discovered, many cells form flat and do 
not have a nucleus is due to lysis. Core lysis of the 
epithelial cells happened due to keratinization to 
separate cells. Changes in vaginal epithelial cells 
are affected by the concentration of the 17-β 
estradiol hormone [15]. It is because of the 17-β 
estradiol receptors found in the vagina [14].

 
Table 2. Analysis of vaginal epithelial cytology ongole cattle in estrous phase and pregnant 

Reproductive Status Superficial cells (%) Cells Intermediates (%) Parabasal cells (%) 

Estrous phase                  56.27± 6.49 26.23 ± 7.98 17.50 ± 4.73 

Gestation initial phase (day-5) 41.78± 0.90 56.60 ± 0.89 1.62 ± 0.31 

Gestation initial phase (day-16 ) 42.62 ± 0.82 56.66 ± 0.82 0.72 ± 0.69 

Gestation initial phase (day-22) 22.11 ± 4.95 77.19 ± 5.25 0.70 ± 0.68 

Gestation initial phase (day-60) 18.09 ± 1.30 80.43 ± 1.31 1.48 ± 0.04 

 
During the estrous phase, the hormone 

estrogene plays an important role, which will be 
active in the uterus wall. It causes hypersecretion 
in epithelial cells of the uterus and vagina. So the 
superficial cells are followed by the vaginal 
mucosa [9]. Increasing concentrations of 
estrogen in the estrus phase may be related to 
the high percentage of superficial cells.  Estrogen 
is a steroid hormone that is responsible for the 
growth and regulation of the female 
reproductive system and secondary sex 
characteristics.  

The hormone estrogen is secreted by 
granulosa cells from de Graff follicles that are 
stimulated by FSH [6]. The optimal estrogen 
hormone causes increased activity of the uterus 
wall. It is resulting in uterine and vaginal 
epithelial cell hypersecretion and keratinization. 

Therefore superficial cells were found on vaginal 
smear [4]. Based on Suraatmadja's research [16], 
the hormone estrogen also stimulated the 
formation of keratohyalin grains, and then it 
functioned as the center of intracellular filament 
disintegration (keratinization). Reviews of vaginal 
cows taken on estrus showed an increased 
number of cornified cells [17]. Meanwhile, in 
Bligon goats the percentage of superficial cells 
was 32.25% with estradiol concentration 247.77 
pg dL [18]. 

The number of superficial cells in the estrous 
phase serves to protect the vaginal mucosa 
during copulation [4]. It is also characterized by a 
large amount of mucous secretion in the vagina. 
In estrus sheep, vaginal epithelial features also 
show the dominance of superficial cells [19]. 
Whereas, upon entering pregnancy, the 
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i intermediate 

dominant epithelial cells are intermediate, and 
no leukocytes are found (Fig. 2).  

The results of vaginal examination in 
pregnant Ongole crossbred cow on day 5, 16, 22, 
and 60 obtained images of intermediate 
respectively (56.60±0.89; 56.66±0.82; 77.19± 
5.25; 80.43±1.31), superficial (41.78±0.90; 42.62 
±0.82; 22.11±4.95; 18.09±1.30), and parabasal 
cells (1.62±0.31; 0.72±0.69; 0.70±0.68; 1.48± 
0.04). According to Hussain and Khan [20] in 
young, mid, and late pregnant cows, the 
dominant percentage of vaginal epithelial cells 
are intermediate cells 81.63%, 85.9%, and 
88.23%. But with increasing gestational age, days 
250 to 260, there was a significant increase in the 
number of superficial cells. It is due to the 
activity of the hormone estrogen, due to the high 
concentration of the hormone progesterone [21]. 

 

Figure 2. Intermediate cell in cows with young gestation 

Progesterone and Estrogen Hormone  
Based on the analysis of progesterone, the 

lowest concentration in the estrous phase is 
63.74±1.07 ng.mL

-1
, and the concentration 

reaches a peak in the luteal phase. In pregnant 
cows, the level of the hormone progesterone on 
the 5

th
 day was 93.71±0.94 ng.mL

-1
, which 

seemed to continue to increase slowly until the 
gestational age was around 60 days 149.05±0.71 
ng.mL

-1
 (Fig. 3).  

The hormone progesterone plays a role in 
pregnancy. The hormone progesterone produced 
by the corpus luteum will inhibit FSH so that no 
estrous back. The role of the hormone 
progesterone is maintaining the condition of the 
uterus to support a pregnancy, implantation, and 
fetal development [22]. The intermediate cell 
was found in the histology of vaginal wall 
epithelial cells. It indicates that the cows are in a 
pregnancy condition.   

This result is consistent with the results of 
research of Ola et al. [23] a vaginal smear during 
pregnancy in elephant is dominated intermediate 
cells. Hussain [24] also reported that no 

leukocytes in the vaginal epithelial smear of 
pregnant cows. That, as well as the increasing 
domination of intermediate cells, can also be 
used as a method to diagnose pregnancy. 

 

Figure 3. Progesterone and Estrogen Concentration in 
cows serum 

CONCLUSION 
Along with the hormonal analysis of estrogen 

and progesterone, pregnancy diagnosis can be 
done by looking at changes in vaginal epithelial 
cells of the Ongole crossbred cow. The epithelial 
cells dominated by intermediate cells, and in the 
estrous phase, Ongole crossbred cows show 
greater superficial cells compared to non-
pregnant Ongole crossbred cow. 
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Abstract 
The Artificial Bee Colony (ABC) is one of the stochastic algorithms that can be applied to solve many real-world 
optimization problems. In this paper, The ABC algorithm was used to estimate the parameter of the epidemic influenza 
model.  This model consists of a differential system represented by variations of Susceptible (S), Exposed (E), Recovered 
(R), and Infected (I). The ABC processes explore the minimum value of the mean square error function in the current 
iteration to estimate the unknown parameters of the model. Estimating parameters were made using participation data 
containing influenza disease in Australia, 2017. The best parameter chosen from the ABC process matched the 
dynamical behavior of the influenza epidemic field data used. Graphical analysis was used to validate the model. The 

result shows that the ABC algorithm is efficient for estimating the parameter of the epidemic influenza model. 

Keywords: ABC, Epidemic, Estimate, Influenza, Parameter. 

 
INTRODUCTION 

Parameter estimation is the process of using 
sample data to estimate the parameters of the 
optimization problem. Several parameter 
estimation methods are available. In this study, 
the chosen method is the stochastic method 
because of its advantages that can find the global 
minima solution. The determination of 
parameter values will affect the estimation 
results. If the parameter values are incorrect, the 
estimation results will not be accepted. It means 
that only the best parameter values can use so 
that the model can represent the field data. 

The Artificial Bee Colony (ABC) algorithm is 
one of the most popular and widely used 
stochastic methods to find the solution of 
optimization problems. This algorithm is based 
on the behavior of bees to find and exploit food 
resources efficiently [1]. The advantages of this 
algorithm are simple, reliable, and flexible. The 
performance of the ABC algorithm is better than 
other stochastic algorithms such as Particle 
Swarm Optimization, Genetic Algorithm, and 
Differential Evolution on constraints or non-
constraints [2]. 

The parameter estimation is widely studied 
and developed by researchers, in general, using 
test functions such as the Rastrigin, Ackley, 
Sphere, and Rosenbrock. Some researchers 
began to develop and apply the ABC algorithm to 
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estimate parameters of the model in the system 
of the differential equation, both linear and 
nonlinear. Roeva [3] used the ABC algorithm to 
identify the parameters of the cultivated E. coli 
bacteria model. 

The aim of this study is the implementation of 
the ABC algorithm used to estimate the unknown 
parameters of the influenza epidemic model. The 
used mathematical model is based on the 
research of Samsuzzoha [4]. This model is a 
system of nonlinear differential equations 
represented by variations of Susceptible (𝑆), 
Exposed (𝐸), Infected (𝐼), and Recovered (𝑅) 
populations.The solution of this model was 
estimated by influenza laboratory surveillance 
data obtained from WHO regional databases. The 
chosen laboratory data is based on the well-
defined standard condition. 

MATERIAL AND METHOD
 

Epidemic Influenza Model 
There are four groups of population in this 

model: the susceptible population who can 
contract influenza, the exposed population who 
affected influenza but not to be infectious, the 
infected population who has infected and able to 
transmit the influenza virus, and the recovered 
population who can be re-infected by the disease 
if the immunity has been lost. It is assumed that 
the infected population only affects the 
susceptible population. However, among these 
populations, there is an exposed population that 
lies in a latent period or incubation period and 
has a low infection rate. Furthermore, the 
infected population that has received treatment 
and recovered naturally changes into a recovered 
population. At one time, this population could be 
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re-infected by influenza when the immunity 
disappeared. The epidemic influenza model was 
expressed in the form of the following system of 
nonlinear differential equations [4], 

𝑑𝑆

𝑑𝑡
= −𝛽

𝐼𝑆

𝑁
− 𝜇𝑆 + 𝑟𝑁 + 𝛿𝑅 

𝑑𝐸

𝑑𝑡
= 𝛽

𝐼𝑆

𝑁
−  𝜇 + 𝜎 + 𝑘 𝐸 

𝑑𝐼

𝑑𝑡
= 𝜎𝐸 −  𝜇 + 𝛼 + 𝛾 I (1) 

𝑑𝑅

𝑑𝑡
= 𝑘𝐸 + 𝛾𝐼 − 𝜇𝑅 − 𝛿𝑅 

and 
𝑁 = 𝑆 + 𝐸 + 𝐼 + 𝑅 (2) 

where the parameter description and variable 
model can be seen in Table 1. 

Table 1. Description of all parameters and variables 

Parameter Description 

𝛽 Transmission coefficient 
𝜎−1 Incubation period 
𝛾−1 Mean duration of recovery  infected 

population 
𝛿−1 Loss of immunity period 
𝜇 Natural mortality rate 
𝑟 Birth rate 
𝑘 Recovery rate  
𝛼 The disease induced mortality rate 

Variable Description 

𝑆 Susceptible population 
𝐸 Exposed population 
𝐼 Infected population 
𝑅 Recovered population 
𝑁 Total population 

The ABC Algorithm Implemented in Epidemic 
Influenza Model 

In the ABC algorithm, a bee colony composes 
of three groups. Those are employed bee, 
onlooker bee, and scout bee. The number of 
bees in a colony is expressed as population size 
(𝑃𝑜𝑝𝑠𝑖𝑧𝑒). Half of 𝑃𝑜𝑝𝑠𝑖𝑧𝑒 is employed bee, and 
the other half is onlooker bee. There is one 
employed bee in each food source. It is said that 
the number of food sources where are around 
the nest (𝑁𝐹𝑜𝑜𝑑) is equal to the number of 
employed bees[5]. 

The first step in the ABC algorithm is 
initialization. In this step, there are several 
processes: inputting parameters, setting 
boundary conditions, searching initial position of 
the food source, creating an initial population, 
calculating objective and fitness function, 
determining the initial best particle, and setting 
the 𝑙𝑖𝑚𝑖𝑡. A food source position represents a 
potential parameter (𝑥𝑖 ) as a solution to the 
influenza model. The initial food source position 

was searched randomly by maximum (𝑥𝑚𝑎𝑥) and 
minimum (𝑥𝑚𝑖𝑛) range of parameters using 
equation (3). The amount of nectar in the food 
source determines the quality of the solution. It 
can be calculated by the objective function (MSE) 
and the fitness value, both expressed in equation 

(5) and (6).  
In the employed bee phase, each bee 

modified the position of the food source 
randomly based on neighboring principles. It 
means that the chosen food source must be 
different from the previous food source. A new 
food source was generated from the previous 
food sources. Furthermore, these food sources 
are selected using a greedy selection process 
expressed in equation (9)–(10) to get the best 
food source (𝑝𝑏𝑒𝑠𝑡𝑖 ). 

In the onlooker bee phase, a bee was placed 
in each food source using a roulette wheel 
selection process, which given in equation (11). 
This process was based on proportional 
probabilities to the amount of nectar. Food 
sources that have the most nectar will be chosen 
more often by onlooker bee. Furthermore, the 
onlooker bee updates the food source using the 
same process in the employed bee phase. 

Each bee colony has a scout bee that has no 
guidance during food search. This bee searched 
randomly in all directions and found a variety of 
food sources that have not been visited by an 
employed bee. It was selected by using a 
parameter called a limit. If a solution represents 
a food source that does not produce 
improvements in some iterations (𝑡𝑟𝑖𝑎𝑙𝑖 ), the 
food source discarded by the employed bee, and 
this bee will be a scout bee. The food sources 
obtained in each iteration compared with 
solutions in the previous iteration. If the new 
food source has a good quality compared to the 
previous food source, the new food source will 
be taken as the best solution (𝑝𝑏𝑒𝑠𝑡𝑖 ). In the ABC 
algorithm, onlooker bee and employed bee run 
the exploitation process. This process applies a 
piece of existing knowledge to seek the best 
solution. On the other hand, a scout bee controls 
the exploration process that concerned for the 
entire search space of an optimal solution. 

The final step is the criteria for stopping 
iteration. If the process has been reached 
maximum iteration, the process must be 
stopped, and the algorithm produces the best 
solution from all iterations (𝑔𝑏𝑒𝑠𝑡). Based on the 
above explanation, the process of the ABC 
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algorithm implemented in the epidemic influenza 
model is given below [6]. 

Step 1: Initialization 
Input parameters 𝑡 (period of disease), 

𝑃𝑜𝑝𝑠𝑖𝑧𝑒 (number of population), 𝑁𝐹𝑜𝑜𝑑 
(number of food source), 𝑚𝑎𝑥𝑖𝑡𝑒𝑟 (maximum 
iteration), and 𝐷 (dimensionality of search 
space); 

Set the boundary condition of the parameters 
(𝑥𝑚𝑎𝑥 and 𝑥𝑚𝑖𝑛); 

for i = 1,2, ..., 𝑁𝐹𝑜𝑜𝑑 do 

Position for the initial food source using 
equation (3); 

𝑥𝑖(0) = 𝑥𝑚𝑎𝑥 + 𝑟𝑎𝑛𝑑. (𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛) (3) 

where 𝑟𝑎𝑛𝑑 is a random number [0,1]; 

Create an initial population using the SEIRS 
model (equation (1)-(5)) and the Runge-Kutta 
4

th
 order method given as below; 

𝑘1 = . 𝑓(𝑡𝑖 , 𝑥𝑖) 

𝑘2 = . 𝑓(𝑡𝑖 +


2
, 𝑥𝑖 +

𝑘1

2
) 

𝑘3 = . 𝑓(𝑡𝑖 +


2
, 𝑥𝑖 +

𝑘2

2
) 

𝑘4 = . 𝑓(𝑡𝑖 + , 𝑥𝑖 + 𝑘3) 

𝑥𝑖+1 = 𝑥𝑖 +
1

6
. (𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4) (4) 

where 𝑓(𝑡𝑖 , 𝑥𝑖) is model of influenza,  is 
interval of time, and  𝑥𝑖+1 is the solution of 
model; 

Calculate objective functions using MSE; 

𝑓𝑖 =  
1

𝑡
 (𝑑𝑎𝑡𝑎𝑖 − 𝑥𝑖)

2𝑡
𝑖=1  (5) 

Calculate fitness values using equation (6); 

𝑓𝑖𝑡𝑖 =  

1

1+𝑓𝑖
,  jika𝑓𝑖 > 0

1 + 𝑎𝑏𝑠 𝑓𝑖 , jika𝑓𝑖 < 0

  (6) 

end for; 

Determine the initial 𝑝𝑏𝑒𝑠𝑡 and 𝑔𝑏𝑒𝑠𝑡; 

Set iteration = 0; 

Set 𝑡𝑟𝑖𝑎𝑙 = 0; 

Set 𝑙𝑖𝑚𝑖𝑡 =  𝑁𝐹𝑜𝑜𝑑 𝑥 𝐷; (7) 

Step 2: The employed bee phase 
for i = 1,2, ..., 𝑁𝐹𝑜𝑜𝑑 do 

Update new food sources using equation (8); 
𝑋𝑖(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + 1) = 𝑥𝑖(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛) +
𝜓. (𝑥𝑖(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛) − 𝑥𝑘(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛)) (8) 

where k = 1,2, ..., 𝑁𝐹𝑜𝑜𝑑 and 𝜓 is random 
number [-1,1]; 

Determine the position of food sources to stay 
within the range; 

Generate new populations using the SEIRS 
model (equation (1)) and the Runge-Kutta 4

th
 

order method (equation (4)); 

Calculate objective functions using MSE; 

Determine fitness values using equation (6); 

Select the best food source between  𝑥𝑖  and 
𝑋𝑖using the Greedy process below, 

If 𝑓𝑖𝑡𝑖+1 > 𝑓𝑖𝑡𝑖 , then 
𝑥𝑖(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + 1) = 𝑋𝑖(𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + 1) (9) 
𝑡𝑟𝑖𝑎𝑙𝑖 = 0 

else 

𝑡𝑟𝑖𝑎𝑙𝑖 = 𝑡𝑟𝑖𝑎𝑙𝑖 + 1 (10) 
end if 

end for 

Step 3: Calculate 𝑷𝒊 Opportunities using 
equation (11) 

𝑃𝑖 =
𝑓𝑖𝑡 𝑖

 𝑓𝑖𝑡 𝑗
𝑁𝐹𝑜𝑜𝑑
𝑗=1

 (11) 

Step 4: The onlooker bee phase 
for i = 1,2, ..., 𝑁𝐹𝑜𝑜𝑑 do 

if rand (0,1) <𝑃𝑖 , then 

Do Employed bee phase 

end if 

end for 

Step 5: The scout bee phase 
if 𝑚𝑎𝑥(𝑡𝑟𝑖𝑎𝑙𝑖)  <  𝑙𝑖𝑚𝑖𝑡, then 

Replace 𝑥𝑖  with the new value using equation 
(3); 

Generate 𝑥𝑖  population using the SEIRS model 
(equation (1)) and the Runge-Kutta 4

th
 order 

method; 

Calculate objective functions using MSE; 

Determine fitness values using equation (6) 

end if 

If 𝑥𝑖  is better than 𝑝𝑏𝑒𝑠𝑡𝑖 , then 

Set 𝑥𝑖  to 𝑝𝑏𝑒𝑠𝑡𝑖  

end if 

Determine the particle with the smallest MSE to 
be the best particle; 

𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =  𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 +  1 (12) 

Step 6: If the iteration reached the maximum 
iteration, the process was stopped. 
Instead, the process should be repeated 
in step 2. 
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RESULT AND DISCUSSION 
Setting of experiment 

The ABC algorithm was coded in Matlab 
R2013a, and the experiment was implemented 
10 times with a different number of populations. 
It is applied to estimate the parameter of the 
epidemic influenza model based on infected 
influenza data in Australia, 2017. This data was 
presented in Table 3. 

The maximum iteration was set to 1000 
iterations. The initial condition of parameters and 
populations showed in Table 2. 

Table 2. The initial condition of parameters and 
populations 

Parameter Value Source 

𝑷𝒐𝒑𝒔𝒊𝒛𝒆 25, 50, 75, 100 Assumption 

t 52 (week) [7] 

Dimension 
(D) 

4 Assumption 

N 24585 
(thousand) 

[8] 

𝑟 0.0248 
(per 100 
population per 
week) 

[8] 

𝜇 0.01269 (per 100 
population per 
week) 

[8] 

𝜎 [1.75, 7]  
(per week) 

[9] 

𝛾 [1, 1.4]  
(per week) 

[9] 

𝛼 0.000098 
(per 100 
population per 
week) 

[10] 

𝛿 0.0192 
(per week) 

[4] 

𝛽 [4.06e-6,50] 
(per 100 
population per 
week) 

Assumption 

𝑘 [4.06e-6,50] 
(per 100 
population per 
week) 

Assumption 

𝑆0 24584.372 
(thousand) 

Assumption 

𝐸0 0.557 (thousand) Assumption 

𝐼0 0.036 
(thousand) 

[8] 

𝑅0 0.035 (thousand) Assumption 

The model of influenza has eight parameters. 
There are four fixed parameters, namely 𝑟, 𝜇, 𝛼, 
and 𝛿, based on Table 2. On the other hand, four 
unknown parameters, which are 𝜎, 𝛾, 𝛽, and 𝑘, 
will be estimated using the ABC algorithm. The 
initial condition of populations was determined 
based on Australia Influenza Laboratory 
Surveillance Information in the first week and 
several other assumptions. 

Model validation 
Data in Table 3 was simulated using the ABC 

algorithm, and the estimation results can be seen 
in Figure 1 and Figure 2. Figure 1 shows the 
ability of the ABC algorithm to find global minima 
solutions. It has been seen that during the 
searching process until the maximum iteration, 
the ABC algorithm search for the smallest MSE 
value of each iteration. The ABC algorithm 
produces a different solution for each 
experiment. It due to the selection of population 
or prospective solution was selected randomly. 
The convergence of the ABC algorithm was faster 
when the population sizes were large. It can be 
seen in Table 4, which smallest fitness value lays 
in the fifth experiment in population size of 100. 

The best parameter value that corresponds to 
the best fitness values of each 𝑃𝑜𝑝𝑠𝑖𝑧𝑒 was 
entered in equation (1), and the results can be 
seen in Figure 2. Most of the simulation results 
close to field data values, although some data are 
difficult to reach by the ABC algorithm. The 
standard deviation value of each experiment 
with different 𝑃𝑜𝑝𝑠𝑖𝑧𝑒 is always less than the 
mean of the best solution and decreases with 
increasing 𝑃𝑜𝑝𝑠𝑖𝑧𝑒. It means that the estimation 
data was not too diverse, even though the 
standard deviation value is high due to the high 
value of the infected population. However, 
overall the estimated parameters of the ABC 
algorithm can represent well the model of the 
spread of influenza disease, especially in 
Australia.  

Finally, the best parameters from all 
experiments are 𝛽 = 2.23, 𝜎 = 5,63, 𝛾 = 1.32, 
and 𝑘 = 3,12 (see in Table 4). 𝛽 parameter 
means that 2.23% of population will be affected 
by influenza in a week. Affected people are in an 
average incubation period for a day. During this 
period, 3.12% of the population heals from 
influenza, while people who don't recover 
become infected populations. This population 
heals from influenza after those take medicine 
and medical treatment for five days. 



 

Figure 1. Convergence curves of ABC algorithm 

 
Figure 2. Comparison of field data and estimation results basedon parameter values that correspond to the bestfitness values 

for each  𝑃𝑜𝑝𝑠𝑖𝑧𝑒 in Table 4 

CONCLUSION 
The result shows that the ABC algorithm is 

efficient for estimating the unknown parameter 
of the epidemic influenza model. It is due to most 
of the simulation results are close to field data 
values. It means that the simulation result 
represents well the real condition of the 
epidemic influenza. The population size is 
influential in obtaining more improved for 
estimated parameters. Our future study will be 
focused on the implementation of an improved 
ABC algorithm or another stochastic method on 
the dynamical model. 
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Table 3. Influenza Laboratory Surveillance Information in Australia, 2017 

Year Start date End date 
Total number of 

influenza positive 
viruses 

Start date End date 
Total number of 

influenza positive 
viruses 

2017 2017-01-02 2017-01-08 36 2017-07-03 2017-07-09 170 

2017 2017-01-09 2017-01-15 32 2017-07-10 2017-07-16 284 

2017 2017-01-16 2017-01-22 28 2017-07-17 2017-07-23 437 

2017 2017-01-23 2017-01-29 39 2017-07-24 2017-07-30 428 

2017 2017-01-30 2017-02-05 51 2017-07-31 2017-08-06 619 

2017 2017-02-06 2017-02-12 41 2017-08-07 2017-08-13 817 

2017 2017-02-13 2017-02-19 33 2017-08-14 2017-08-20 901 

2017 2017-02-20 2017-02-26 50 2017-08-21 2017-08-27 876 

2017 2017-02-27 2017-03-05 27 2017-08-28 2017-09-03 804 

2017 2017-03-06 2017-03-12 20 2017-09-04 2017-09-10 960 

2017 2017-03-13 2017-03-19 32 2017-09-11 2017-09-17 869 

2017 2017-03-20 2017-03-26 36 2017-09-18 2017-09-24 721 

2017 2017-03-27 2017-04-02 40 2017-09-25 2017-10-01 529 

2017 2017-04-03 2017-04-09 21 2017-10-02 2017-10-08 347 

2017 2017-04-10 2017-04-16 18 2017-10-09 2017-10-15 228 

2017 2017-04-17 2017-04-23 11 2017-10-16 2017-10-22 128 

2017 2017-04-24 2017-04-30 14 2017-10-23 2017-10-29 78 

2017 2017-05-01 2017-05-07 27 2017-10-30 2017-11-05 76 

2017 2017-05-08 2017-05-14 19 2017-11-06 2017-11-12 62 

2017 2017-05-15 2017-05-21 32 2017-11-13 2017-11-19 49 

2017 2017-05-22 2017-05-28 41 2017-11-20 2017-11-26 35 

2017 2017-05-29 2017-06-04 27 2017-11-27 2017-12-03 43 

2017 2017-06-05 2017-06-11 31 2017-12-04 2017-12-10 30 

2017 2017-06-12 2017-06-18 51 2017-12-11 2017-12-17 32 

2017 2017-06-19 2017-06-25 88 2017-12-18 2017-12-24 30 

2017 2017-06-26 2017-07-02 82 2017-12-25 2017-12-31 29 

Data source: FluNet ( www.who.int/flunet ), Global Influenza Surveillance and Response System (GISRS) [7]. 
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Table 4. The Performance of ABC Algorithm 

Popsize Test 
Fitness 
Value 

Best Worst Mean 
Standard 
Deviation 

Parameter Value 

𝛽 𝜎 𝛾 𝑘 

25 

I 6152.66 

5288.04 10915.2 7835.29 2073.42 

2.69 3.19 1 4.19 

II 6288.43 2.59 1.75 1.29 1.29 

III 9377.17 2.91 7 1 10.88 

IV 10317.4 2.85 7 1.06 9.92 

V 9935.48 3.00 5.20 1 8.43 

VI 5288.04 2.05 7 1.23 3.72 

VII 6317,16 2.49 7 1.12 6.99 

VIII 7337.14 2.02 6.86 1.13 4.18 

IX 6424.23 2.65 3.43 1.13 3.63 

X 10915.2 2.65 5.06 1.4 3.82 

50 

I 5082.31 

5082.31 10930.9 7535.53 2070.4 

2.07 5.57 1.27 2.69 

II 8991.52 2.19 3.95 1.00 3.47 

III 6166.98 2.22 5.48 1.07 4.57 

IV 9040.99 2.85 7 1.03 10.16 

V 6166.98 2.22 5.48 1.07 4.57 

VI 10930.9 2.10 3.50 1.05 2.53 

VII 5082.31 2.07 5.57 1.27 2.69 

VIII 8991.52 2.19 3.95 1.00 3.47 

IX 8991.52 2.19 3.95 1.00 3.47 

X 5910.21 2.53 6.17 1 7.45 

75 

I 4759.52 

4759.52 10140.6 5727.19 1602.13 

2.39 3.24 1.32 2.04 

II 5784.37 2.42 6.89 1 7.71 

III 5263.1 2.35 5.97 1.21 4.55 

IV 4759.52 2.39 3.24 1.32 2.04 

V 5366,74 2.27 6.87 1.09 5.86 

VI 5263.1 2.35 5.97 1.21 4.55 

VII 5912.36 2,48 7 1 8.19 

VIII 4759.52 2.39 3.24 1,32 2.04 

IX 10140.6 2.97 7 1 11.26 

X 5263.1 2,35 5.97 1.21 4.55 

100 

I 6042.76 

4672.07 7085.33 5913.48 853.29 

2.52 6.81 1.06 7.61 

II 5517.69 2.39 6.35 1.05 6.45 

III 5176.03 2.25 3.56 1,20 2.34 

IV 7085.33 2,12 4.55 1.12 3.07 

V 4672.07 2.23 5.63 1.32 3.12 

VI 5300.55 2.31 4.79 1.11 4.06 

VII 6940.62 2.67 5.87 1.04 7.40 

VIII 5300.55 2.31 4.79 1.11 4.06 

IX 6940.62 2.67 5.87 1.04 7.40 

X 6158.6 2.71 3.51 1 4.66 
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Abstract 
In Indonesia, the prevalence of diabetes  melli tus hits  6.2%, making Indonesia one of the top ten diabetes mellitus 
countries . Efforts to prevent and treat people with diabetes  in Indonesia are required to minimize that as  well. One is 
through treatment with local  herbal  products  such as  Moringa oleifera (MO) and Toman fish extract (Channa 
micropeltes), called Ifalmin. The aim of this research is  to investigate the potential  role of a  combination of Extract 
Moringa oleifera and Ifalmin to reduce inflammation in  diabetes  conditions . Diabetic mice were done by Streptozotocin 

(STZ) induction with a  single-dose 145 mg.kg
-1

.Then, diabetic mice were given an oral treatment of combination MO 
extract and Ifalmin for 14 days . In this experiment combinations  of MO extract and Ifalmin are divide into 3 dose, There 
are: dose 1 (800 mg.kg-1: 800 mg.kg-1), dose 2 (650 mg.kg-1: 650 mg.kg-1), and dose 3 (800 mg.kg-1: 650 mg.kg-1). Immune 
cells originate from the spleen are s tained by immunofluorescence antibodies  and analyzed by flow cytometry with BD 
Cellquest ProTM software. The results  showed an increase of expression pro -inflammatory cytokines  IL-1β and IL-6 in 

diabetic mice compared to normal control . Only dose 1 and dose 2 has shown the capabili ty to reduce the expression of 
IL-1β in diabetic mice. But, the combination of MO and Ifalmin has an antagonis t effect on the expression of IL-6. The 
inhibi tory mechanism can be assumed by the action of antioxidant compounds  (Flavonoids and Alkaloids) in MO and 

Albumin compound in Ifalmin. Those combination act as  exogenous antioxidant that help endogenous   inside the body.  
A combination of MO extract and Ifalmin with a  certain dosage was  able to decrease  proinflammatory cytokines  IL-1β 

on the cells involved in innate immunity. 

Keywords:  Diabetes Mellitus , Ifalmin, Inflammation,Innate Immunity,Moringa oleifera. 

INTRODUCTION
1
 

Diabetes mellitus has been a major problem 
in Indonesia since the 1980s, with the number of 
patients exceeding 10 million. Diabetes mellitus 
is a metabolite disorder that has spread around 

the world. In Indonesia, the prevalence rate of 
diabetics hits 6.2%, making Indonesia one of the 
top ten countries in the world with a relatively 

high number of diabetics[1]. High glucose 
condition induced a rise in the number of 
lymphocytes, macrophage, and cytokine 
associated with inflammation such as IL-6, IL-1β, 

and TNF-α, which could adversely affect the 
body's physiological condition [2,3]. 

Diabetes also triggered imbalances in 
homeostasis of immune cells, Th 1 and Th 17 are 

upregulated, and Th 2 and T regulators are 
downregulated[4]. Th cell  is a mediator to 
activation of B cell so that they will  proliferate 

and differentiate into plasma cells capable of 
producing IgG. In addition, activation of B cells 
will  produce proinflammatory cytokines such as 
IL-6 [5]. Prevention and treatment effor ts are 
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needed to reduc e people with diabetes in 

Indonesia. One of them is by treatment using 
local herbal such as Moringaoleifera (MO) and 
extract derived from Toman fish 
(Channamicropeltes) called Ifalmin. MO contains 

phytochemical compounds such as polyphenols, 
phenolic acids, flavonoids, alkaloids, 
glucosinolates, isothiocyanates, tannins, and 

saponins [6]. Flavonoids inside MO, such as 
Quercetin, Kaempferol, Myricetin has 
beenreported can decrease the level of 
inflammation and Reactive Oxygen Species (ROS) 

[6].  
Powder from MO seeds reportedly can 

reduce levels of IL-6 to suppress inflammation 
caused by high sugar levels [7]. According to 

Mbikay [8], MO has the potential to reduce high 
blood sugar in diabetic rats [9]. Ifalmin is a 
product derived from crude Channa micropeltes, 

and it is a family of Channidae that found in 
freshwater waters.Toman fish contain albumin, 
zinc, omega 6, and omega 3 [9]. The albumin 
content in toman fish is quite high when 

compared to the Channidae family of 5.35%. 
Albumin has the potential to decrease the level 
of inflammation and wound healing. This 
research aims to investigate the potential role of 

a combination of Moringa oleifera extract and 
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Ifalmin to reduce inflammation in diabetes 

conditions [10]. 
MATERIAL AND METHOD 
Animal 

The research design on this research followed 
the ethical clearance granted by the Universitas 

Brawijaya Research Ethics Committee, Indonesia 
No: 1180-KEP-UB. A total of 30 male Balb/c mice 
(Mus musculus) aged eight weeks were obtained 

from pathogen-free breeder Singosari, Malang. 
Mice were divided into six treatment groups 
there are healthy group, diabetic mice group, 
metformin group, and diabetic mice given a 

combination of MO and Ifalmin extracts with 
different dosage: Dose 1 (800 mg.kg

-1
: 800 mg.kg

-

1
), Dose 2 (615 mg.kg

-1
: 615 mg.kg

-1
), and Dose 3 

(800 mg.kg
-1

: 615 mg.kg
-1

). All  mice are kept in a 

pathogen-free condition in the Animal Room, 
Animal Physiology Laboratory, Biology 
Department, Faculty of Mathematics and Natural 

Sciences, University of Brawijaya, Malang, 
Indonesia. 

Induction of Diabetes Mellitus 
Diabetic mice induction uses 145 mg.kg

-

1
Streptozotocin (STZ) (Bioworld, USA). This dose 

is a modification from Brosius [11]. STZ was given 
once with intraperitoneal injection. Diabetes 
mice were determined when fasting glucose 

levels ≥126 mg.dL
-1

 and ≥200mg.dL
-1

 in without 
fasting. 

Moringa oleifera and Ifalmin Preparation 

Simplisia of Moringa oleifera (MO) leaves 
(Meteria Medika, Batu, East Java, Indonesia) was 
extracted by a modified method from Khan et al. 
[12]. MO boiled in water at 80°C, then filtered 

using filter paper (Whatman No.1) freeze-dried 
and stored at -20°C. Ifalmin originated from 
Crude toman fish (Channa micropeltes) (PT Ismut 

Fitomedika Makassar, South Sulawesi, 
Indonesia). Two ingredients are combined based 
on a predetermined dosage (Dose 1 (800 mg.kg

-1
: 

800 mg.kg
-1

), Dose 2 (615 mg.kg
-1

: 615 mg.kg
-1

), 

and Dose 3 (800 mg.kg
-1

: 615 mg.kg
-1

). Then, both 
materials are dissolved in Hydrobath before 
given to the mice diabetes mellitus group as a 
treatment every day for 14 days. 

Spleen Cell Isolation, Immunostaining, and Flow 
Cytometric Analysis 

After 14 days, the mice were dislocated 

following the last injection for spleen organ 
isolation. Then washed the isolated spleen using 
PBS and Homogenized in PBS. The homogenate 
was centrifuged (2500 rpm, 10°C, 5 minutes), and 

for immunostaining and flow cytometry analysis, 

the pellet obtained was resuspended with 1 mL 

PBS. A total of 50 µL resuspended splenocytes 
with 50 µL extracellular antibodies (anti -CD11b) 
(BioLegend,USA) was added, then incubated at 

4°C for 20 minutes. The sample was added after 
incubation with 50 µL permeabilization buffer 
(Cytofix) (BioLegend,USA), and incubated at 4°C 
for 20 minutes.  

Sample washed using 400 µL wash buffer 
permeabilization (Washperm) (BioLegend,USA) 
and centrifuged (2500 rpm, 10°C, 5 minutes). 
Pellet added with 50 µL intracel lular antibody 

(BioLegend,USA), and incubated at 4°C for 20 
minutes. The sample was added with 400 µl PBS 
and transferred to a cuvette for flow cytometry 

analysis (BD FACS Calibur,USA).  

Data Analysis  
The flow cytometry results were analyzed 

using the BDCell Quest Pro program (BD 

Biosciences, USA). The data then were analyzed 
using one-way ANOVA and followed with the 
Tukey HSD test to determine th e statistical 
difference among treatments (IBM Statistics, 

USA). Data were considered significant if p<0.05. 

RESULT AND DISCUSSION  
Immunomodulatory Effect on Relative Number 
of Proinflammatory CytokinesIL-1β 

Diabetic mice group had the highest relative 

number of IL-1β compared to other 
groups(p>0,05). A combination extract of MO 
and Ifalmin could reduce the relative number of 

IL-1β in all dosage compared to the Diabetes 
group (p>0,05) (Fig. 1).Diabetescondition causes 
NFκB activation, so pro-inflammatory cytokines 
such as IL-1β, IL-6, and TNF-α could be secreted. 

IL-1β is a pro-inflammatory cytokine, which plays 
a significant role in mediating the expression of 
various cytokines, adipokines , and other pro-

inflammatory chemokines [13]. IL-1β can cause 
damage to pancreatic β cells throughout the 
condition of diabetes mellitus [14].  

The presenc e of an interleukin-1 receptor 

antagonist (IL-1Ra), which is one of the cytokines 
that inhibit the action of IL-1β through MyD88, 
can inhibit IL-1β signaling activity. It prevents the 
development of IL-1β, so inflammation that can 

destroy pancreatic β cells can be suppressed [15]. 
High glucose activity increased of M1 but 
decreased of M2 activity[16]. Activation of M1 

due to increased IL-6 expression, and IL-10 
decreased[17]. In the case of diabetes mellitus, 
B-cell  secreted pro-inflammatory cytokines are 
increased, and anti -inflammatory cytokines are 

decreased [18,19]. 



 
 

J.Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Anti-diabetic of Extract M.oleifera and Ifalmin (C.micropeltes) 
(Nilamsari, et al.) 

39 

 

 

Figure 1.   Effect combination extract MO and Ifalmin reduce relative number IL-1β+ (CD11b+, IL-1β+) on s tatisical tes t (a) 

Effect combination extract MO and Ifalmin in relative number B Cell and Macrophage on diabetic mice shown 
in flow cytometry (b). N: Normal , DM: Diabetes  Mellitus, M: Metformin, D1: Dosage 1(800 mg.kg-1: 800 mg.kg-

1), D2: Dosage 2(615 mg.kg-1: 615 mg.kg-1), D3: Dosage 3(800 mg.kg-1: 615 mg.kg-1).  The difference in 
notations showed significant differences  (p <0.05). 

Immunomodulatory Effect on Relative Number 
of Proinflammatory Cytokines IL-6 

Meanwhile, combination of extract MO and 
Ifalmin had no significant effect to reduce 
relative number of IL-6 (p>0,05) between 

treatment group (Dose 1 (800 mg.kg
-1

: 800 
mg.kg

-1
), Dose 2 (615 mg.kg

-1
: 615 mg.kg

-1
), and 

Dose 3 (800 mg.kg
-1

: 615 mg.kg
-1

) and diabetes 

group (Fig. 2). In diabetic rat model, Moringinine 
showed an increase in glucose tolerance[20]. It is 

documented that MO seed powder can also 
reduce IL-6 levels compared to treatment with 
diabetes control. This decrease in IL-6 profile 

reflects a decrease in inflammatory activity due 
to high levels of sugar[7].  

(A) 

 

(B) 
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Figure 2.  Combination extract MO and Ifalmin reduce relative number gives the opposi te effect to IL -6 (CD11b+, IL-6+) 
on s tatisical tes t (a) Effect combination extract MO and Ifalmin in relative number B Cell  and Macrophage on 

diabetic mice shown in flow cytometry (b). N: Normal, DM: Diabetes Mellitus , M: Metformin, D1: Dosage 
1(800 mg.kg-1: 800 mg.kg-1), D2: Dosage 2(615 mg.kg-1: 615 mg.kg-1), D3: Dosage 3(800 mg.kg-1: 615 mg.kg-1).    
The di fference in notations showed significant di fferences (p <0.05). 

Discussion 
In this experiment, we showed that a 

combination of MO extract and Ifalmin (Channa 
micropeltes) can deminish the production of  pro-

inflammation cytokine such as IL-1β and IL-6. 
Moringa oleifera contains of nutrients that are 
beneficial to humans, such as calcium, potassium, 
zinc, magnesium, iron,  and copper [21]. Besides 

minerals, MO also contains several 
phytochemical compounds, namely polyphenols, 
phenolic acids, flavonoids, alkaloids, gluco-
sinolates, isothiocyanates, tannins, and saponins 

[22]. There are  have been reported to have 
sufficient amount of these antioxidants and are 
also used as green leafy vegetables of high total 
antioxidant capacity (260 mg.100 g

-1
) [22].  

(A) 

 

(B) 
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MO leaf was thought to be associated with 

decreased intake of intestinal glucose and 
slowing down of gastric emptying by fiber in MO 
leaf. It contained 12% fiber and affected 

postprandial plasma glucose by three major 
bioactive phytochemicals , including quercetin, 
chlorogenic acid, and moringinine [23]. 
Quercetin, a potent antioxidant, had antidiabetic 

effec ts in the insulin resistance model Zucker rat 
[24]. It has been shown that chlorogenic acid 
inhibits glucose6-phosphate translocase in rat 
liver, which has resulted in decreased hepatic 

gluconeogenesis and glycogenolysis[20]. In 
human studies, chlorogenic acid during the oral 
glucose tolerance test showed a decrease in the 

glycemic response[25]. 
Meanwhile, Ifalmin has been reported 

contain high level of Albumin. Albumin from 
ifalmin can act as antioxidant soit can inhibit 

formation of ROS [10].Albumin has the potential 
to reduce the number of macrophages by 
increasing Th2 cells by secreting IL-10 and TGF-β 
anti-inflammatory cytokines [26]. Toman fish 

(Channa micropeltes) also contain omega 6, 
which has derivatives of Arachidonic Acid (AA), 
which will  be converted into lipoxins and have 

the potential to reduce the risk of inflammation 
due to diabetes[27]. 

CONCLUSION  
Combination extract Moringa oleifera and 

Ifalmin (Crude Channa micropeltes)  could 
decrease production of Pro-inflammatory 
cytokine IL-1β

+
 in Dosage 1 (800 mg.kg

-1
: 800 

mg.kg
-1

) and dosage 2 (615 mg.kg
-1

: 615 mg.kg
-1

). 
But there is no significant effect on IL-6

+
. 
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Abstract 
It has been known that the immunoglobulin levels were altered in diabetes mellitus (DM) conditions. This study aimed 
to evaluate the levels of immunoglobulins in DM mice after the administration of Moringa oleifera-Ifalmin® formulation 
(MI). Streptozotocin, at a dose of 145 mg.kg

-1
, was injected intraperitoneally to experimental mice to obtain diabetic 

mice. The groups were divided into normal mice, diabetic mice without treatment, diabetic mice with metformin 
treatment (307.5 mg.kg

-1 
BW), and diabetic mice with MI treatment at dose 1 (M:I= 800 mg.kg

-1 
BW: 800 mg.kg

-1
 BW), 

dose 2 (M:I= 615 mg.kg
-1

 BW: 615 mg.kg
-1

 BW), and dose 3 (M:I= 800 mg.kg
-1 

BW: 615 mg.kg
-1

 BW). Mice were orally 
treated by MI for 14 days. Subsequently, the levels of immunoglobulin IgM and IgG were evaluated using flow 
cytometry analysis. IgM and IgG levels were significantly lower in the DM group than the normal group. These results 
indicated that DM altered immunoglobulin levels. MI treatment for 14 days significantly increased the number of IgM 
and IgG at the level equivalent to the normal group and significantly different as compared to the DM group. Based on 
the results, MI can be used as an immunomodulatory agent in humoral immunity through the precise regulation of IgM 
and IgG. 

Keywords: Diabetes mellitus, Ifalmin®, Immunoglobulin, immunomodulator, Moringa oleifera. 

INTRODUCTION 
Diabetes mellitus (DM) is a metabolic disease 

characterized by high levels of blood glucose 
(hyperglycemia) [1]. In 2019, the prevalence of 
DM globally increased to 463 million people, and 
predictably raised to 700 million in 2045. DM 
caused 4.2 million deaths in 2019 [2] and was the 
seventh leading cause of death, according to the 
World Health Organization (WHO) [3]. In DM, 
hyperglycemia resulted from a defect in insulin 
secretion or action [4]. 

Some studies demonstrated that there was a 
tight correlation between the immune system 
and DM pathogenesis [5,6]. The immuno-
globulins are essential components of humoral 
immunity that have an important role in effector 
function. The immunoglobulin levels are often 
determined to represent the status of humoral 
response in clinical practice [7]. The previous 
study demonstrated that the levels of 
immunoglobulin changed in the mice model of 
diabetes [8]. DM is also associated with the 
alteration of immunoglobulin [7,9]. 

The use of synthetic hypoglycemic drugs and 
insulin can cause side effects in DM patients. 
Furthermore, both drugs and insulin usually 
target a single pathway of metabolic, which only 
focuses on hyperglycemia regulation [10]. 
Therefore, another alternative treatment is 
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needed to minimalize these side effects. 
Nowadays, herbal medicine becomes a great 
prospect for alternative treatment in some 
diseases, including DM. 

Moringa oleifera (MO) and Ifalmin® are good 
sources of nutrition. MO leaves are rich in 
polyphenols such as flavonoids, phenolic acid, 
tannins, etc. MO also contains vitamins including 
vitamin A, E, and C [11] and minerals such as 
calcium (Ca), zinc (Zn), iron (Fe), potassium (K), 
manganese (Mn), copper (Cu), and magnesium 
(Mg) [12]. Ifalmin® is a food supplement from 
Channa micropeltes extract that contains high 
levels of albumin. Previous studies demonstrated 
that both MO leaves [13] and albumin [14] have 
anti-diabetes activities. However, the efficacy of 
MO and Ifalmin® formulation in the regulation of 
IgM and IgG in diabetic mice never been studied.  

In this study, we used the formulation of MO 
and Ifalmin® (MI). We assumed that MI, based on 
their nutritional contents, could be used as an 
alternative treatment in DM. This formulation 
was expected to target some mechanisms in DM 
conditions, including the regulation of altered 
immunoglobulins. Therefore, this study aimed to 
evaluate the levels of IgM and IgG in mice models 
of DM.  

MATERIAL AND METHOD 
Experimental Design 

A total of 30 male mice (Mus musculus), strain 
BALB/c, with the ages between 8-10 weeks were 
obtained from Singosari Breeder (Malang, 
Indonesia) and used in this study. The mice 
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divided into six groups including the normal 
group (N) or non-diabetic mice, diabetic mice 
with metformin administration (DM-M), diabetic 
mice without MI administration (DM), and 
diabetic mice with administration of MI dose 1 
(DM-D1), dose 2 (DM-D2), and dose 3 (DM-D3). 
The formulation of used doses were D1 (MO 800 
mg.kg

-1
 BW: I 800 mg.kg

-1
 BW), D2 (MO 615 

mg.kg
-1

 BW: I 615 mg.kg
-1

 BW) and D3 (MO 800 
mg.kg

-1
 BW: I 615 mg.kg

-1
 BW). Each group 

consisted of five replications. The experiment 
using the animal model in this study conducted 
according to ethical clearance approved by The 
Ethical Committee of Brawijaya University (Reg. 
No. 1180-KEP-UB). 

Induction of Diabetic Mice  
A single high dose of Streptozotocin (STZ) 

used to induce the DM in the mice [15]. The mice 
fasted for four hours then they were injected by 
STZ at a dose of 145 mg.kg

-1
 BW mice. The levels 

of blood glucose were measured from the mice 
tail using Easy Touch glucometer (Bioptik 
Technology Inc., Taiwan) after four days of STZ 
injection. Mice considered diabetic when the 
levels of blood glucose were higher than 200 
mg.dL

-1
 [16]. 

Oral Administration of MI and Metformin  
Five grams of MO leaves powder (Materia 

Medica Batu, Malang) dissolved in 50 mL of 
boiled water. Then, it was filtered using 
Whatman no. 1 paper and subjected to freeze-
drying. The extract of MO formulated with 
Ifalmin®. Ifalmin® obtained from PT. Ismut 
Fitomedika (Makassar, Indonesia). MI was 
administrated in diabetic mice (DM-D1, DM-D2, 
and DM-D3) by oral for 14 days.  

Metformin, as a standard drug in this study, 
was obtained from PT. Hexparm Jaya (Bekasi). 
Metformin (307.5 mg.kg

-1
 BW mice) dissolved in 

water. The metformin was administrated in the 
DM-M group by oral for 14 days. The conversion 
of human dose to mice equivalent dose in this 
research is determined based on the Food and 
Drug Administration (FDA) [17]. 

Isolation of Spleen 
After 14 days of MI treatment, the mice 

sacrificed by the cervical dislocation technique. 
Then, the spleen organ was isolated from the 
mice to obtain the immunoglobulin-expressing 
lymphocyte B cell. The spleen homogenized in 
phosphate buffer saline (PBS), and the 
homogenate moved into microtube, then 
centrifuged at 2500 rpm, 10°C for 5 minutes. The 

supernatant removed, and the pellet added by 
PBS. A total of 50 μL sample moved into a 
microtube for antibody staining. 

Antibody Staining and Flow Cytometry Analysis 
The antibodies applied at a concentration of 

0.005 mg.100 μL
-1

 based on the company’s 
protocol. The sample containing lymphocyte cells 
was stained with extracellular antibody before 
intracellular antibody staining. Staining of 
extracellular antibody conducted by adding 50 µL 
of FITC-conjugated rat anti-mouse B220 
(Biolegend®, San Diego) into the cells, then 
incubated for 20 minutes in the icebox (4°C).  

Next, the cells were added by 50 µL of cytofix 
(BD-Biosciences Pharmingen), incubated for 20 
minutes in the icebox, and added by wash perm 
solution (WPS) (BioLegend®, USA), and 
centrifuged at 2.500 rpm, 10°C for 10 minutes. 
Then, the supernatant removed from the sample, 
and each pellet stained with 50 µL of PE/Cy5-
conjugated rat anti-mouse IgG (Biolegend, San 
Diego) and PE/Cy5-conjugated rat anti-mouse 
IgM (Biolegend, San Diego). The sample was 
moved into a flow cytometry tube and added 
with 400 µL of PBS. Flow cytometry tube was put 
into the flow cytometer (BD FACSCalibur, USA) to 
run the flow cytometry. The flow cytometry data 
were analyzed using BD Cellquest Pro

TM
 software 

(BD Biosciences, San Jose, CA, USA) [18]. 

Data Analysis 
The data were statically analyzed using the 

SPSS program with one way of variance analysis 
(ANOVA) and were continued to the Post Hoc 
test with the p-value <0.05. 

RESULT AND DISCUSSION 
The results showed that the levels of 

B220
+
IgM

+
 (Fig.1) and B220

+
IgG

+ 
(Fig. 2) were 

significantly lower in the DM group as compared 
to the normal group (p<0.05). The levels of IgM 
reduced from 14.6% (N) to 9.43% (DM), while the 
IgG levels decreased from 8.05% (N) to 5.03% 
(DM). The decreasing levels of IgM and IgG in 
diabetic mice caused by hyperglycemia condi-
tions, but the mechanism remains unclear [7]. 
Hyperglycemia in this study results from the cell 
death mechanism of β-pancreatic after injection 
of STZ. STZ enters the β-pancreatic cells through 
glucose transporter 2 (GLUT-2) and induces its 
toxicity. The toxic effect of STZ is due to the DNA 
alkylating agent, methyl-nitrosourea (MNU), 
which causes DNA damage of β-pancreatic cells 
and eventually induces hyperactivation of poly 
(ADP-ribose) (PARP) enzyme [19,20]. 
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Hyperactivation of PARP can suppress cell energy 
reserves (NAD

+
) and reduce ATP, thereby 

inducing necrosis.  
Necrosis in β-pancreatic cells will reduce the 

secretion of insulin, a hormone that plays an 
important role in glucose metabolism. Thus, 
insulin lack results in hyperglycemia. Hyper-
glycemia can prevent the production of IgM in 

splenocytes [21] and decrease the production of 
IgM in B lymphocytes cells [8]. Moreover, 
hyperglycemia can increase hydroxyl radical 
(OH.) [22,23], one of the reactive oxygen species 
(ROS) with high reactivity and is known able to 
damage IgG structure [24] so that it decreases 
the levels of IgG. The decline of IgM and IgG 
levels also seen in type 1 and 2 DM [9,25].  

 

Figure 1.  MI administration increased the levels of IgM expressed by B220+-expressing cells in diabetic mice. (A) Spleen cells 
(2x106) were obtained from all mice, then subjected to extracellular staining cells with anti-B220 antibody, 
intracellular staining cells with anti-IgM antibody, and analyzed by flow cytometry. N: non-diabetic mice without STZ 
induction; DM: diabetic mice  with STZ induction without MI treatment; DM-D1: diabetic mice with MI treatment 
dose 1 (MO 800 mg.kg-1 BW: I 800 mg.kg-1 BW); DM-D2: diabetic mice with MI treatment dose 2 (MO 615 mg.kg-1 
BW: I 615 mg.kg-1 BW); DM-D3: diabetic mice with MI treatment dose 3 (MO 800 mg.kg-1 BW: I 615 mg.kg-1 BW); 
DM-M: diabetic mice with metformin treatment. (B) The bars are a calculation of B220+IgM+ in splenic cells. The data 
are mean value ± SD of five mice in each group with a significant value<0.05 (n = 30). 

 

Figure 2.  MI administration increased the levels of IgG expressed by B220+-expressing cells in diabetic mice. (A) Spleen cells 
(2x106) were obtained from all mice, then subjected to extracellular staining cells with anti-B220 antibody, 
intracellular staining cells with anti-IgG antibody, and analyzed by flow cytometry. N: non-diabetic mice without STZ 
induction; DM: diabetic mice  with STZ induction without MI treatment; DM-D1: diabetic mice with MI treatment 
dose 1 (MO 800 mg.kg-1 BW: I 800 mg.kg-1 BW); DM-D2: diabetic mice with MI treatment dose 2 (MO 615 mg.kg-1 
BW: I 615 mg.kg-1 BW); DM-D3: diabetic mice with MI treatment dose 3 (MO 800 mg.kg-1 BW: I 615 mg.kg-1 BW); 
DM-M: diabetic mice with metformin treatment. (B) The bars are a calculation of B220+IgG+ in splenic cells. The data 
are mean value ± SD of five mice in each group with a significant value<0.05 (n = 30). 
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IgM and IgG have the immune-regulatory 
activities in controlling of auto-antibody response 
during autoimmune diseases, including type 1 
DM. These immune-regulatory activities are 
possibly performed by suppressing the activity of 
phagocytosis through Fc receptor interaction, 
thereby preventing the binding of auto-antibody 
to its cell target [26,27]. The inability of B 
lymphocyte cells to secrete IgM correlated to 
impaired B lymphocyte development, which can 
ultimately lead to the development of 
autoreactive B cells in mice model of type 1 DM 
[26]. Furthermore, low levels of IgG and IgM 
were associated with the prevalence of type 2 
DM [7]. Therefore, the decreasing levels of IgM 
and IgG in this study might indicate the 
progression of DM.  

This study proved that oral administration of 
MI for 14 days in diabetic mice significantly 
increased the levels of IgM and IgG. MI 
administration in diabetic mice increased the 
levels of IgM from 9.43% to 17.74% (D1), 13.59% 
(D2), and 17.43% (D3), respectively (Fig. 1). 
Furthermore, the administration of MI in diabetic 
mice increased IgG levels from 5.03% to 10% 
(D1), 8.99% (D2), and 8.01% (D3) (Fig. 2). The 
administration of MI could increase the levels of 
IgM and IgG at the levels equal to the normal 
group and significantly different from the DM 
group. These results indicated that MI could 
restore the decreased levels of IgM and IgG to 
normal levels in diabetic mice. 

The abilities of MI to increase the levels of 
immunoglobulin in diabetic mice represent its 
immunomodulatory activities in humoral 
immunity. These immunomodulatory activities of 
MI might occur through hypoglycemic activity 
and antioxidant mechanisms as the decreasing 
levels of IgM and IgG affected by hyperglycemia 
and stress oxidative. STZ can increase the levels 
of ROS [28] which also have a destructive effect 
on β-pancreatic cells. Furthermore, 
hyperglycemia as well increases the production 
of ROS and decreases antioxidant enzyme, 
thereby inducing oxidative stress [29].  

MI was assumed to have antioxidant activity 
due to high flavonoids in MO leaves and 
abundant albumins in Ifalmin®. Flavonoids exert 
its antioxidant activity by donating its electron 
and hydrogen atom to some radicals, including 
hydroxyl radicals, superoxide, alkoxyl, and 
peroxyl, thereby stabilizing them [30]. Quercetin 
in MO leaves can increase the endogenous 
antioxidant enzymes via the nuclear-related 
factor 2 (Nrf2) pathway [31]. Another plant with 

antioxidant properties reported having an 
immunostimulant effect in IgM and IgG [32].  
Furthermore, flavonoid and phenolic acid in MO 
leaves have hypoglycemic activity through 
inhibition of amylase enzyme [33]. This enzyme 
functions to convert the starch into glucose, 
decrease in intestinal absorption of glucose, and 
eventually reduce the glucose levels.  

Albumin in Ifalmin® is known to activate Nrf2 
signaling for gene expression of endogenous 
antioxidant enzymes, including superoxide 
dismutase (SOD), heme oxygenase-1 (HO-1), 
glutathione S-transferase, and glutathione 
peroxidase [34]. Some studies demonstrated that 
antioxidant enzymes were decreased in DM 
conditions [35,36]. Albumin contains high 
sulfhydryl (-SH) groups that have acted as a 
radical scavenger to bind ROS, thereby reducing 
the levels of ROS and preventing stress oxidative. 
Moreover, anti-hyperglycemic of albumin has 
been demonstrated by Dwijayanti et al. [14] in 
mice model of type 2 DM. The efficacy of 
albumin in decreasing the glucose levels occurred 
due to its anti-inflammatory activity as the 
inflammatory mediators in DM cause the 
dysfunction of β-pancreatic cells.  

In this study, we also compared the efficacy 
of MI with a standard drug, metformin, in the 
regulation of IgM and IgG. The results showed 
that the administration of metformin in diabetic 
mice significantly increased the levels of 
B220

+
IgM

+
 (Fig. 1) and B220

+
IgG

+
 (Fig. 2) as 

compared to the DM group (p<0.05). The 
increasing levels of IgM and IgG after metformin 
administration possibly occurs through its anti-
hyperglycemia effect. Metformin reduces glucose 
levels by suppressing the production of hepatic 
glucose and inhibiting intestinal glucose 
transport [37]. However, the IgM and IgG levels 
in the DM-M group were significantly higher than 
the normal group. 

CONCLUSION  
Based on the results, we concluded that the 

formulation of Moringa oleifera – Ifalmin® (MI) 
could be used as an immunomodulator in 
diabetic mice through precise regulation of IgM 
and IgG. The oral administration of MI for 14 
days in diabetic mice significantly increased the 
levels of IgM from 9.43% to 17.74% (D1), 13.59% 
(D2), and 17.43% (D3), respectively. Meanwhile, 
the administration of MI in diabetic mice 
increased IgG levels from 5.03% to 10% (D1), 
8.99% (D2), and 8.01% (D3).  
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Abstract  
This study had purpose to determine the glucomannan and calcium oxalate content in 7 variants of A. variabilis and 
their genetic relationships based on RAPD markers. Amorphophallus variabilis Tuber samples were taken from 
Karangdowo village, Sumberrejo Sub-district, Bojonegoro District, East Java. Each variant was analyzed for its 
glucomannan content by the spectrophotometric method using 3,5-DNS reagents and calcium oxalate by the 0.1N 
KMnO4 titration method. Leaf DNA extraction was carried out using the CTAB method. Relationship analysis used RAPD 
markers with 5 primers (OPA-11, OPC-04, OPU-06, OPC-07, and OPN-1). The obtained data were analyzed using the 
Numerical Taxonomy and Multivariate System (NTSYS-pc) version 2.1. The grouping of glucomannan content or oxalium 
oxalate used hierarchical clustering analysis (SPSS 16.0). This research found that the calcium oxalate content in seven 
variants of A. variabilis ranged from 0.01 to 0.03 g, where the variant with the lowest calcium oxalate is V6 with a value 
of 0.01 g and the highest is the V7 variant with a value of 0.03 g, while the glucomannan content ranges from 9 - 
38%. The highest glucomannan content is V3, while the lowest is V6. Phenograms formed based on RAPD markers 
showed the formation of two groups of A. variabilis. Group one has two subgroups. Subgroup one consists of variants 
V1 and V4, while subgroup two consists of V6 and V7. Meanwhile, the second group consists of variants V2, V3, and V5. 
The seven variant grouping pattern of A. variabilis based on RAPD markers has no similarity to the grouping pattern 
based on the results of glucomannan or calcium oxalate analysis. 

Keywords: A. variabilis, Calcium oxalate, Glucomannan, RAPD, Variant.

INTRODUCTION* 
Amorphophallus variabilis is a native plant of 

Java, Madura, and Kangean Islands, Indonesia. 
This plant is located at 700 to 900m above sea 
level. Amorphophallus variabilis is locally called 
white iles-iles or cocooan oray in Sundanese. 
Local people are often confused by the terms 
iles-iles (yellow) for A. muelleri and suweg for A. 
paeoniifolius Dennst. Nicolson. Morphologically, 
A. variabilis does not have an aerial bulb in 
rachis, unlike A. muelleri [1]. 

 Amorphophallus variabilis is one of Java’s 
traditional foods. A. variabilis bulbs contain 
about 50% glucomannan, so they suitable to be 
used as raw materials in the food industry. Since 
the 1960s, rice plants became popular in 
Indonesia, therefore the utilization of tuber 
crops, including Amorphophallus species, 
decreased [1]. Besides glucomannan, 
Amorphophallus also contain calcium oxalate, 
which is a dicarboxylic acid with two C atoms in 
each carboxylic group. Consumption of oxalate in 

large quantities can cause kidney stones [2]. In 
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addition, Calcium oxalate is dangerous for human 
health because this substance is anti-nutrient, 
which affects the unavailability of calcium in the 
body. Also, it can cause mechanical abrasion in 
the digestive tract and various fine tubules found 
in the kidneys [3]. 

Bojonegoro Regency is one area at East Java 
that has a lot of iles-iles (Amorphophallus 
variabilis) plants. Bojonegoro is located at 
112°25’ - 112°09’ East Longitude and 6°59’ - 7°37’ 
South Latitude. Topographically, Bojonegoro area 
has land with a relatively flat slope. Existing data 
of Bojonegoro Regency showed that 91.26% of 
land in this region has a slope between 0-15%. 
The surface area of Bojonegoro Regency is 
relatively low, which is located between 25-500 
m above sea level. Based on the location of the 
topography, Bojonegoro is one of the suitable 
areas for A.variabilis habitat. A.variabilis grows 
well in the area with condition 100-700 m above 
sea level [4].  

From field observations, we found 
morphological variations of A. variabilis in 
Bojonegoro, especially in the petiole, both color 
and pattern of its skin. Pattern variations of 
petiole skin (Corak) may affect glucomannan 
content [5]. As a member of the Araceae family, 
glucomannan content of Amorphophallus sp has 
varying levels depending on the species. 
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Therefore, it was necessary to determine both 
glucomannan and calcium oxalate content 
among A. variabilis variants in Bojonegoro with 
the expectation to find candidate variant which 
has high glucomannan content as well as low 
calcium oxalate content. 

The existence of petiole pattern’s skin 
variation from A. variabilis reflects genetic 
diversity. However, the morphology pattern 
sometime reflect its ecotype, so it is difficult to 
know the true diversity within a species. 
Therefore, we used molecular markers to 
determine the genetic diversity of plants that 
have a close genetic relationship [6]. Molecular 
markers have been used to study variation even 
among the species members of Araceae, such as 
molecular analysis, with RAPD markers on the 
Amorphophallus genus. Amorphophallus species 
that have been successfully analyzed by RAPD 
markers are A. titanium [7]. In this study, 
molecular analysis was performed with RAPD 
markers to determine whether the grouping of 
A.variabilis based on RAPD markers was similar 
to grouping based on glucomannan content or 
calcium oxalate content. 

MATHERIAL AND METHOD 
Preparation of Glucomannan Analysis 

Amorphophallus variabilis tubers used in this 
research were taken from Bojonegoro, East Java. 
Glucomannan analysis followed the Chua 
Method [8], using 3.5 DNS reagents. This reagent 
will give a yellow color that is proportional to the 
amount of glucomannan. 3,5-Dinitro Salisilic Acid 
reagent is made by mixing solution A and 
solution B. Solution A was prepared by mixing 
phenol (0.7g), 10% NaOH (1.5 mL), aquadest (5 
mL), and sodium bisulphite (0.7 g). Solution B 
was prepared by mixing potassium sodium 
tartrate (22.5 g), 10% NaOH (30mL), and 1% 
dinitro salicylic acid (88 mL). 

Extract and Hydrolyzate of Glucomannan  
Glucomannan extract is made by dissolving 

0.2 g grind tuber-flesh in 100 mL of buffer 
solution (formic acid-sodium hydroxide), stirred 
for 4 hours then centrifuged at 4000 rpm for 20 
minutes at 25°C; the white liquid produced is 
glucomannan extract. Glucomannan hydrolyzate 
was prepared by mixing 5 mL of glucomannan 
extract with 2.5 mL of 3M Sulfuric Acid, heated in 
boiling water bath for 1.5 hours, then add 2.5 mL 
of 6M NaOH and dilute to 25 mL using aquadest. 
A total of 2 mL of glucomannan extract or 
glucomannan hydrolyzate added with 1.5 mL of 
3.5 DNS reagents, vortexes to homogenize. The 

absorbance of the solution was measured using a 
spectrophotometer with a wavelength of 550 
nm. Glucomannan content determined according 
to the following formula. 

 

Description: 

 : The ratio of glucose molecular weight and mannan 

residues in glucomannan to glucose and mannan 
molecular weights produced after hydrolysis, ε = 0.9 

T : The amount (mg) of glucose in glucomannan 
hydrolyzate obtained from a standard curve 

T0 : The amount (mg) of glucose in glucomannan extract 
obtained from the standard curve 

m : Sample mass (g) 
W : Moisture content of the sample 

Calcium oxalate  
Calcium oxalate content determined through 

three stages, 1) Digestion, at this stage, 2 g grind-
tuber mixed with 190 mL of distilled water in a 
250 mL measuring flask, 10 mL of 6M HCl was 
added, and the suspension digested at 1000C for 
1 hour, then cooled and added distilled water to 
250 mL before filtration. 2) Precipitation, the 
oxalate of the filtrate from every 125 mL of the 
suspension was added 4 drops of the red methyl 
indicator, then added NH4OH to obtain PH 4-4.5. 
Each part was heated at 90°C, then cooled and 
filtered to remove iron-sulfur ions. The filtration 
product reheated at 90°C, when the solution was 
stirred with a stirrer, 10 mL CaCl 5% was added. 
After heating, then cooled overnight at 5°C. The 
solution then centrifuged with a speed of 2500 
rpm for 5 minutes. Subsequently, supernatant 
removed and precipitation result dissolved in 10 
mL of 20% H2SO4 solution. 3) Permanganate 
titration (KMnO4), the resulting filtrate was 
made up to 300 mL with water. 125 mL of aliquot 
filtrate heated to a slight boil, then titrated with 
standard 0.1N KMnO4 standard until produced a 
faded- pink color. The color was maintained for 
30 seconds [9]. The calcium oxalate content was 
calculated using the following formula.  

 
Description: 
V  : the titration volume or titer volume = volume of 

KMNO4 (mL) used in the titration until equilibrium 
reached or the equivalent point reached.  

N   : stated that the normality of calcium oxalate, which 
has been standardized  

Mr (calcium oxalate) was 128. 

DNA Isolation and Random Amplified 
Polymorphic DNA (RAPD) Analyzis  

DNA isolated with the Doyle and Doyle CTAB 
method [10]. Leaf of A. variabilis was taken fresh 
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and weighed 0.1-0.2 g, and crushed using mortal-
pestle. Before grinding, the leaf sample poured 
with enough liquid nitrogen. The results were 
transferred into the Eppendorf tube (hereinafter 
referred to as Epitube) and added 700 µL CTAB 
buffer then vortex. Epitube was incubated at 
65°C in a water bath for 10 minutes.  

After the incubation time fulfilled, extraction 
performed by adding phenol (PCI) as much as 700 
µL (vortex). Epitube which has received the 
addition of PCI, centrifuged at 13000 rpm for 10 
minutes at 4°C. Then the supernatant transferred 
to a new Epitube and the CI was added to the 
same volume as the supernatant volume, 
vortexed.  The extraction was continued with 
centrifuged 13000 rpm for 5 minutes at 4°C, the 
supernatant was discarded carefully so that only 
pellets remained. DNA (pellets) was added with 
0.1 volume of ammonium acetate and 2.5 
volumes of absolute ethanol (vortex). The 
epitube containing DNA was then incubated at -
20°C overnight. The following day the solution 
was centrifuged at 12000 rpm for 15 minutes at 
4°C. Pellets washed with 70% cold alcohol with 
centrifuged at 12000 rpm for 15 minutes at 4°C. 
The pellets were dissolved in 20 µL TE solution (1 
mM Tris HCl pH 8, 0.1 mM) for RAPD analysis. 

The genomic DNA of A. variabilis amplified 
using 5 RAPD primers (Table 2), which based on 
previous studies [11]. The reaction mixture of 
each PCR tube was 10 μL containing 3 μL ddH2O, 
1 μL primary RAPD 10 pmol, 5 μL 2x PCR Intron 
master mix, 1 μL DNA template 50 ng. PCR 
reaction was carried out for 45 cycles using a 
thermocycler (Takara). Initial denaturation was 
done at 94°C for 5 minutes, then followed by 45 
cycles namely denaturation of 94°C for 1 minute, 
annealing 36°C for 1 minute, extension 72°C for 2 
minutes. The final extension is 72°C for 4 minutes 
and cooling at 4°C for 30 minutes [7]. 

Table 1. RAPD primers used in research 

No. Primers Code Nitrogen base sequence 5’-3’ 

1 OPA-11 CAATCGCCGT 
3 OPC-04 CCGCATCTAC 
4 OPU-06 ACCTTTGCGG 
5 OPC-07 CACACTCCAG 

8 OPN-18E AAGGTGAGGTCA 

Data Analyzis  
Glucomannan or calcium oxalate data were 

analyzed by analysis of variance (ANOVA) using 
the SPSS program followed by the Tukey test 
with p <0.05 significant. Before conducting the 
ANOVA test, the homogeneity test was carried 
out by the Levene test, and the normality of the 

data was carried out by the Kolmogorov-Smirnov 
test. Glucomannan or calcium oxalate data 
grouping performed using Hierarchy Clustering 
with SPSS program. 

The DNA band profile resulting from PCR 
amplification using RAPD primers converted into 
binary data with two values, namely one (1) for 
the presence of DNA bands and zero (0) for the 
absence of DNA bands. Only the clear band 
counted. Binary data was used to generate binary 
data matrices using the Numerical Taxonomy and 
Multivariate System (NTSYS-pc) version 2.1. The 
binary data matrix then reduced to a genetic 
similarity matrix between A. variabilis using 
Jaccard's similarity coefficient. The genetic 
similarity matrix created using Similarity for 
Quantitative Data (SIMQUAL). Based on the 
genetic similarity matrix, Cluster Analysis 
performed using the Unweighted Pair-Group 
Method with Arithmetic Average (UPGMA) by 
the Sequential Agglomerative Hierarchical 
Nested Cluster Analysis (SAHN) sub-program. The 
results of UPGMA grouping analysis were made 
in a cladogram using a tree-display, which is a 
sub-program Graphics NTSYS-pc Program [12]. 

RESULT AND DISCUSSION  
A. variabilis, which found in the Bojonegoro 

District, has variations in petiole skin color called 
corak of both color and shape. Petiole skin color 
variations of seven variants of A. variabilis that 
found included dark green, light green, brownish- 
green and blackish green, while the colors of the 
corak were white, brownish, greenish-white and 
black and white. The shape of the corak of the 
seven variants is round, oval, and elliptical (Table 
2, Fig. 1). Variations that arise in the skin color of 
the petiole and the color of the corak thought to 
be due to a combination of pigment levels such 
as chlorophyll, β-carotene and anthocyanin [13]. 

Table 2. A. variabilis variation 

Variant 
Petiole 
color 

Pattern 
color 

Shape of corak* 

V1 Dark green White Irregular round 

V2 Dark green White Ellipse and oval 
V3 Brownish 

green 
Brownish Small round and 

tight 
V4 Light green White Ellipse and big 

enough 
V5 Light green Greenish 

white 
Round irregular 
and tight 

V6 Brownish 
green 

Light green Large round and 
not tight 

V7 Blackish 
green 

Black and 
white 

Small round and 
tight 

*pattern-architecture of skin surface  
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Figure 1. V1-V7: Variation of A. variabilis 

Tubers are a means of vegetative propagation 
of plants and plant parts that used as storage for 
food reserves [14]. Tuber seeds used in this study 
were taken from the field with an average weight 
of 70.5-110.5 g. Then the tubers were planted 
until the aerial shoots part fall. After the aerial 
shoots fall, the tubers were harvested. Tuber 
yields of these plants weigh about 196.28-334 g, 
diameters range from 86.37-115.82 mm and 
tuber thickness ranges from 42.82-65.18 mm 
(Table 3). 

Diameter and tuber weight of A. variabilis 
correlated very significantly with tuber 
glucomannan content. It meant that tuber 
diameter and tuber weight of harvest will 
influence the increase or decrease of tuber 
glucomannan content. The heavier tubers in A. 
variabilis may contain greater glucomannan [15]. 
In this study, however, heavy tubers and wide 
diameters, for example variant 1 (V1) or variant 2 
(V2), did not contain high glucomannan (Table 3). 

Table 3. Tuber weight, diameter, and thick of A. variabilis 
variant 

Variant 
Tuber 

weight (g) 
Tuber diameter 

(mm) 
Tuber thick 

(mm) 

V1 304.60 115.82 48.03 
V2 334.56 106.54 65.18 
V3 286.24 99.12 55.47 
V4 253.36 93.63 56.28 
V5 196.28 86.37 42.82 
V6 305.88 102.46 60.89 
V7 234.65 92.24 59.25 

Glucomannan is a type of special 
polysaccharides found in Amorphophallus tubers. 
The results of glucomannan extraction in seven 
variants of A. variabilis showed different 
glucomannan contents, ranging from 10-38%. 
The highest glucomannan content found in 
variant V3 of A. variabilis for 38% and the lowest 
in variant V6, which was 9% (Fig. 2). In summary, 
the glucomannan content of seven variants 
grouped into three categories, namely low, 
medium, and high categories. Low category 
comes from variants V2, V4, V5, and V6 (9-12%). 
Medium categories come from V1 and V7 (15-
19%). High category consists of V3 (38%). 

Mekkerdchoo et al. [16] used the same 
method (assay using 2,5-DNS) also grouped the 
glucomannan content of six Amorphophallus 

species (A. muelleri, A. krausei, A. kachiensis, A. 
bulbifer, A. Xiei, and A. corrugatus) into three 
groups: low (16%), moderate (22-24%), and high 
(32-42%). Whereas, Dini [5] grouped the 
glucomannan content of 8 variants of A.variabilis 
into low (16%), moderate (22-24%), and high (32-
42) using a different method of centrifugation 
which was an adaptation of the Tatirat and 
Charoenrein method [17]. 

 
Figure 2. Glucomannan content in seven variants of A. 

variabilis, V1-V7: seven variants of A. variabilis. 
Note: the same notation shows no significant 
difference in the 0.05 Tukey test. 

 
Figure 3. Calcium oxalate content in seven variants of 

A. variabilis, V1-V7: seven variants of A. 
variabilis. Note: the same notation shows no 
significant difference in the 0.05 Tukey test 

The calcium oxalate content of seven variants 
of A. variabilis showed variants V1, V4, V5, and 
V6 have the same letter notation (Fig. 3). 
Meanwhile, the lowest V4 calcium oxalate 
content was significantly proven significantly 
different from V7, which had the highest oxalate 
content as indicated by different letter notation 
(c). The calcium oxalate content in A. variabilis 
variant V3 was not significantly different from 
variant V1 (b). Based on the picture above, it was 
known that the A. variabilis tuber contains 
different calcium oxalate content, ranging from 
0.01 to 0.03 g. In these results, the V6 variant has 
the lowest oxalate content, while the V7 variant 
had the highest one, which was 0.03 g. These 
results showed that calcium oxalate was still safe 
for consumption (0.60-1.25 g per day) [18]. 

RAPD on seven variants of Amophophallus 
variabilis using OPA-11, OPC-04, OPU-06, OPC-07, 
and OPN-18E primers produced 24 amplicons 
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ranging from 500 bp to 4000 bp. Sixteen bands 
(61.54%) were polymorphic bands, and ten bands 
(38.47%) were monomorphic. A relatively high 
level of polymorphism with RAPD markers 
showed a high mark index. The highest number 
of polymorphic bands (4) was in the OPN-18E 
primer, while the lowest number (2) was in the 
OPU-06 primer (Table 6). The high band 
polymorphism in this study showed the high 
genetic diversity in variants of A. variabilis. 
Research by Poerba and Martanti [11] on 
Amophophallus muelleri using RAPD also showed 
genetic diversity. By using five primers, a total of 
42 amplicons obtained, 29 bands (60.05%) were 
polymorphic, and 13 bands (30.95%) were 
monomorphic. 

Table 6. RAPD amplification band 

Primer 
Polymorphic 

bands 
Monomorphic 

bands 
Total 
band 

OPA-11 3 1 4 
OPC-04 4 4 8 
OPU-06 4 2 6 
OPC-07 3 1 4 
OPN-
18E 

4 0 4 

Total 16 (61.54(%) 10 (38.46%) 26(100%) 

Phenograms formed based on RAPD markers 
showed the formation of two groups of A. 
variabilis-variant. Group one has two subgroups. 
Subgroup one consists of variants V1 and V4 with 
a similarity coefficient 0.65, while subgroup two 
consists of V6 and V7 with a similarity coefficient 
0.72. Group two consisted of V2, V3, and V5 
variants with a 0.68 similarity coefficient (Fig. 4). 

 
Figure 4. Phenogram A. variabilis based on RAPD markers 

The results of grouping the seven variants of 
A. variabilis based on the RAPD markers did not 
show similarity in grouping patterns based on 
glucomannan or calcium oxalate content (Fig. 5 
and 6). For example, in glucomannan, V3 and V7 
formed one group, whereas, in phenogram based 

on RAPD markers, V3 grouped with V5, and V7 
formed a group with V6. In calcium oxalate, V3 
not only grouped with V7 but also with V2, V6, 
and V1. It can occur due to various factors, 
including the result of random amplification of 
primary RAPD that does not lead to a particular 
trait. One weakness of the RAPD marker for 
amplicon identity is unknown, unless the study is 
supported by pedigree analysis. From the results 
of the study, it can be said that the grouping 
based on RAPD markers cannot be used to 
predict groupings based on glucomannan or 
calcium oxalate content. Nevertheless, the 
results of grouping based on RAPD indicated that 
the seven variants of A. variabilis do indeed vary, 
the genomes were divided into two large groups. 

 
Figure 5.  Glucomannan phenogram A. variabilis based on 

Hierarchy Clustering 

 
Figure 6. Calcium oxalate phenogram A. variabilis based 

on Hierarchy Clustering 

CONCLUSION 
The conclusion obtained from this study is 

that the glucomannan content in seven variants 
of A. variabilis ranges from 9-38%. Classification 
of variants based on glucomannan content is 
divided into three categories, namely low, 
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consisted of variants V2, V4, V5, and V6 with 
glucomannan content of 11-12%. The medium 
category consists of variants V1 and V7 with 
glucomannan content of 11, 12, and 15%. The 
high category consists of variants of V3 with 38% 
glucomannan content, while for the content of 
calcium oxalate contained in seven variants of A. 
variabilis ranged from 0.01 to 0.03 g. The variant 
with the lowest calcium oxalate is V6 with a value 
of 0.01 g, and the highest is the variant V7 with a 
value of 0.03 g. The range of calcium oxalate 
content is in a good range for health. 
 Phenograms formed based on RAPD markers 
showed the formation of two groups of A. 
variabilis. Group one has two subgroups, 
subgroups one consisted of variants V1 and V4, 
while subgroup two consists of V6 and V7. Group 
two consists of variants V2, V3, and V5. There is 
no similarity between the grouping of seven 
variants of A. variabilis based on variations in 
glucomannan or calcium oxalate content with 
grouping based on RAPD markers. 
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Abstract 
We aimed to analyze the effect of CSN1S2 protein in Etawah crossbred goat milk and yogurt on the histopathology of 
the jejunum and the amount of cell damage in Complete Freund's adjuvant (CFA)-induced rheumatoid arthritis (RA) 
rats. The rats were divided into six groups: the untreated control rats (C), control rats were given CSN1S2 protein from 
Etawah crossbred goat milk (CM) or yogurt (CY), RA rats, RA rats given CSN1S2 protein from Etawah crossbred goat milk 
(RAM) or yogurt (RAY). Hematoxylin-eosin staining was conducted for the histopathological analysis of jejunum. 
Statistical analysis was done using one-way ANOVA (a significance value of p ≤ 0.05) followed by the Tukey test. Our 
study observed that the control, CM, and CY group have a normal histological structure of jejunum. The damage to the 
jejunum structure was reported in the RA group. The milk CSN1S2 protein was able to improve the structure of jejunum 
villi and increase the normal cell number in the jejunum of the RA group, similar to control. The RAY group showed an 
impaired jejunum structure and a high number of necrotic cells as in the RA group.  

Keywords: Cell structure, CSN1S2, goat milk, jejunum, rheumatoid arthritis.  

INTRODUCTION
*
 

The prevalence of Rheumatoid Arthritis (RA) 
sufferers in Indonesia in 2013 reached 45.59%. 
This value raised from the previous year, which 
was 29.35% in 2011 and 39.47% in 2012 [1]. The 
RA cases that continue to increase are related to 
aging, lifestyle changes, and nutritional 
deficiencies [2,3]. Previous research stated that 
RA is also associated with the inflammation of 
the intestine [4,5]. Inflammatory conditions are 
caused by an increase in autoreactive T cells to 
produce proinflammatory cytokines such as 
interleukin-1 (IL-1), interleukin-6 (IL-6), and TNF-
α [6,7]. The autoreactivity of T cells is caused by 
an imbalance of normal intestinal microflora. This 
condition can be caused by the presence of 
adjuvant induction [5]. 

Previous studies reported that RA disease 
induced by Complete Freund’s Adjuvant (CFA) 
caused damage to the villi structure of ileum [8]. 
The jejunum is located adjacent to the ileum. The 
mucosal epithelial cells and jejunal villi are 
susceptible to damage due to the food 
contaminants, the cell physiological conditions 
(fasting, mutagens, chemical drugs, and ionizing 
radiation), and the inflammation of the large 
intestine [9,10]. The villus in jejunum is predicted 
to be impaired due to the inflammation in RA. 
However, the correlation between RA and 
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inflammation in jejunum has not been studied 
thoroughly. 

The RA treatment so far is carried out by 
using synthetic drugs that are not only expensive 
but also have long-term side effects [10]. The 
alternative management of RA is by consuming 
adequate and balanced nutrition. Nutrition can 
be derived from vegetable or animal protein [11]. 
One of an animal protein source is milk. Cow milk 
and goat milk are rich in bioactive peptide 
contents from proteins such as α-casein-S1, α-
casein-S2 (CSN1S2), β-casein, and κ-casein 
[12,13]. Previous research found a specific 
protein at 36 kDa molecular weight in Etawah 
crossbred goat milk and yogurt that identified as 
CSN1S2 protein [14]. Further research is needed 
to investigate whether the CSN1S2 protein of 
Etawah crossbred goat milk and yogurt improves 
the jejunum of CFA-induced RA rats. 

METHOD 
Experimental Animals 

This study used 24 male Wistar rats (Rattus 
norvegicus) with 12 weeks of age and 150-200 g 
of body weight. The rats were obtained from the 
Integrated Research and Testing Laboratory 
(LPPT), Gadjah Mada University, Yogyakarta, 
Indonesia. For one week, the acclimatization of 
the animals was done in the Animal Laboratory, 
Biosciences Institute, Brawijaya University, 
Malang, Indonesia. They were exposed to a 12-
hour light/dark cycle at room temperature with 
50±5% relative humidity. They fed with a 
standard rat laboratory diet and drinking water. 
The rats were divided into six treatment groups 
(n = 4 for each group), namely the untreated 
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control rats (C), control rats given CSN1S2 
protein from Etawah crossbred goat milk (CM), 
control rats fed CSN1S2 protein from Etawah 
crossbred goat yogurt (CY), Rheumatoid Arthritis 
rats (RA), RA rats given CSN1S2 protein from 
Etawah crossbred goat milk (RAM), and RA rats 
fed CSN1S2 protein from Etawah crossbred goat 
yogurt (RAY). 

The Establishment of CFA-induced Rheumatoid 
Arthritis Animal Model 

Multiple doses of CFA injection established 
the RA rat model. The rats were injected by 100 
μL of CFA (Sigma-Aldrich Inc., Saint Louis, 
Missouri, USA) subcutaneously using a 1 mL 
syringe. After 14 days, the 50 μL of CFA was 
injected into the rats’ intradermal. The CSN1S2 
protein of Etawah crossbred goat milk and yogurt 
was administered to the rats 24 hours after the 
last CFA injection [8]. 

Isolation of Caprine CSN1S2 Protein 
The Etawah crossbred goat milkwas obtained 

from the Singosari Regional Technical 
Implementation Unit (UPT) of Livestock in 
Malang, East Java, Indonesia. The milk was 
fermented into yogurt according to the previous 
research [14] with some modifications. The 
CSN1S2 protein from yogurt and milk was 
isolated according to the previous study [15]. We 
measured the protein concentration using the 
NanoDrop spectrophotometer and stored the 
protein at -20°C. The treatment of CSN1S2 
protein of milk and yogurt into the rats was 
carried out orally for three months. The dose of 
CSN1S2 protein used in this study was 2mg.kg

-1
 

of body weight. This research has been approved 
by the Research Ethics Committeeof Brawijaya 
University, Malang, and East Java, Indonesia 
(Certificate number, KEP-90-UB). 

Histopathological Analysis 
All rats were sacrificedto collect the jejunum. 

The jejunum of each rat was washed in 
phosphate-buffered saline (PBS) pH 7.4. We did 
the fixation of jejunum in 4% paraformaldehyde. 
The organs were dehydrated using graded 
alcohol concentration (30%, 40%, 50%, 60%, 
70%, 80%, 90%, 96%) followed by clearing using 
xylene. We infiltrated our specimens with liquid 
paraffin at 62°C for 4 hours. The specimens were 
embedded with liquid paraffin and cooled 
overnight. A rotary microtome performed the 
serial sectioning of jejunum with 5µm of 
thickness. The histological slides were placed on 
a hot plate with atemperature of 42°C at least for 
24 hours. Deparaffinization of tissue slides was 

done using xylene, followed by dehydration using 
a graded series of alcohol (absolute ethanol, 
90%, 80%, 70%). The slides were washed using 
running water for 15 minutes. After that, the 
slides were stained with hematoxylin-eosin (HE). 
After staining with eosin, we washed the slides 
using running water and dehydrated them with 
70% ethanol and 90% for 2 minutes, respectively, 
then continued with absolute ethanol. The 
sections were embedded in Entellan (Merck, 
Darmstadt, Germany) and covered with a cover 
glass. The morphology of normal cells, pyknosis, 
karyorrhexis, and karyolysis cells were observed 
using an Olympus BX 53 microscope with cellSens 
Standard software version 1.5 (Olympus 
Corporation, Tokyo, Japan) [15]. 

Data Analysis 
Data analysis was performed by comparing 

the number of normal cells and necrotic cells 
statistically by using SPSS software version 16.0 
for windows (SPSS Inc., Chicago). The results 
were expressed by means ± standard deviation. 
We performed the statistical analysis using one-
way ANOVA test followed by the Tukey test. The 
significance level used in this study was P<0.05. 

RESULTS 
The histopathology of rat jejunum for each 

treatment group is shown in Figure 1. The 
mucosal layer in the jejunum of control rats has a 
normalvillous shape. Villi are composed of 
columnar epithelial cells and lined with a striated 
border from enterocyte. In the RA group, we 
observed an epithelial cell exfoliation in the 
mucosal layer (desquamation). In addition, the 
infiltration of inflammatory cells to the lamina 
propria of villi, the reduction in the depth of the 
crypts, and a decrease in the distance between 
the muscularis mucosae to the muscularis 
externa have occurred in them. 

The treatment of CSN1S2 protein from 
Etawah crossbred goat milk or yogurt into the 
control rats resulted in a similar jejunum tissue 
structure as in the control group.  Interestingly, 
the RA rats that were given the goat milk CSN1S2 
protein showed an improvement in the villous 
epithelial structure and an increase in the depth 
of the crypts. On the contrary, the mucosal layer 
of yogurt CSN1S2 protein-treated RA rats 
underwent an exfoliation, and a decrease in the 
crypts depth. There was also a decrease distance 
between muscularis mucosae and muscularis 
externa in the RAY group as RA group. Moreover, 
their villi were blunt, and adhesion occurred in 
them. 
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Figure1.  Histopathological profile of jejunal tissues in the control and RA-CFA rat model using H&E staining (100X 

magnification). Description: C─ crypts; ME─muscularis externa; MM─muscularis mucosae; SB─striated border of 
enterocyte; S─serosa; SM─submucosa; V─villi; ↔─depth of crypts; →─ exfoliation of epithelial cells (desquamation); 
O─change in villi shape. 

 

Figure 2.  The histology of rat jejunal tissue shows the normal cells and necrotic cells (pyknosis, karyorrhexis, karyolysis) using 
H&E staining (1000X magnification). Description: BM─basement membrane; N─Nuclear; SB─striated border of 
enterocyte. 

Table1. The number of normal and necrotic cells in the control and RA-CFA rats model with and without treatment of Caprine 
CSN1S2 protein from fresh milk and yogurt. 

Parameter C CM CY RA RAM RAY 

Normal 33.02 ± 7.22c 32.78 ± 9.07c 27.55 ± 7.15bc 9.93 ± 0.70a 29.33 ± 2.01bc 13.73 ± 2.32ab 

Pyknosis 2.83 ± 0.49a 5.53 ± 0.83ab 6.87 ± 0.99b 11.53 ± 0.99c 4.33 ± 1.45ab 6.02 ± 1.73b 

Karyorrhexis 2.22 ± 1.02a 1.00 ± 1.73a 2.50 ± 2.18a 3.11 ± 0.19a 1.50 ± 1.50a 4.31 ± 1.68a 

Karyolysis 3.00 ±1.11a 6.47 ±2.00a 4.53 ±0.42a 18.27 ± 2.66b 4.96 ± 1.18a 15.47 ± 2.32b 

Necrosis 8.06 ± 1.45a 13.00 ± 2.40a 13.90 ± 2.50a 32.91 ± 3.74b 10.79 ± 1.69a 25.79 ± 4.77b 

Notes:  Values are presented as mean ± standard deviation. C: control rats group, CM: control rats group + CSN1S2 protein 
from Etawah crossbred goat milk, CY: control rats group + CSN1S2 protein from Etawah crossbred goat yogurt, RA: 
Rheumatoid Arthritis rats group, RAM: RA rats group + CSN1S2 protein from Etawah crossbred goat milk, RAY: RA rats 
group + CSN1S2 protein from Etawah crossbred goat yogurt. 
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The cell damage can be evaluated by 
comparing the numberof normal cells versus 
necrotic cells (Fig. 2). Statistical analysis showed 
that the average number of normal cells in the 
milk CSN1S2 protein-treated control rats (32.78 ± 
9.07) and in the yogurt CSN1S2 protein-treated 
control rats (27.55 ± 7.15) were not significantly 
different from the control group (33.02 ± 7.22) 
(Table 1). The RA group (9.93 ± 0.70) experienced 
a decrease in the normal cell number compared 
with the control group. Compared with the RA 
group, the administration of CSN1S2 protein 
from milk or yogurt gave rise to the RA rats’ 
normal cell number.  

Our study reported that the average number 
of pyknosis cells in the RA group was the 
highestand significantly different from other 
groups. The CSN1S2 protein from milk or yogurt 
treatment reduced the pyknosis cell number in 
RA rats. However, the treatmentgave rise to the 
elevated pyknosis cell number in control rats.  

The average number of cells undergoing 
karyorrhexis between all treatments did not 
differ significantly. RA rats had the highest 
number of karyolysis cells. The CSN1S2 protein of 
milk was capable of lowering the karyolysis cell 
number in RA rats. The control group, CM group, 
and CY group hadlower necrotic cell damage 
than the RA and RAY group. The administration 
of CSN1S2 protein of Etawah crossbred goat milk 
into the RA rats affected the necrotic cells 
number to decrease (10.79 ± 1.69) compared 
with the RA group. 

DISCUSSION 
The presence of CFA causes damage to the 

epithelial structure. CFA is composed of 
attenuated pathogenic bacteria, such as 
Enterobacter (Mycobacterium butyricum). 
Furthermore, pathogenic bacteria will release 
endotoxin compounds such as 
Lipopolysaccharide (LPS) [16]. CFA can cause 
dysbiosis, which is an imbalance between 
nonpathogenic and pathogenic bacteria, 
resulting in the dominance of pathogenic 
bacteria. Pathogenic bacteria can increase 
intestinal permeability [5]. Permeability may 
increase due to the decline of Tight junctions 
(TJs) that maintain the epithelium structure and 
shape. Epithelial cells in the intestinal mucosa 
play a role in improving barrier function. Changes 
in the epithelial cells of villi may interfere with 
lipid absorption in lymphatic or lacteal capillaries 
[17]. The blunt villi occurred in the RAY group 
was due to the accumulation of toxins in 

enterocytes from pathogenic bacteria, which 
resulted in the loss of electrolyte fluid and 
mucous secretion. Therefore, the villi became 
shorter, and cellular desquamation occurred that 
caused the absorption of nutrients disturbed 
[18].  

RA and RAY groups had a decrease distance 
between the muscularis mucosae and the 
muscularis externa and a reduction in the depth 
of the crypts. The muscularis mucosa functions in 
the absorption and secretion of nutrients and 
villous movements. The decrease of the distance 
between the muscularis mucosa and can reduce 
villous movement so that the absorption of 
nutrients is impaired [19]. A reduction in the 
depth of the crypts can lower the anti-microbial 
mucus and lysozyme secretions.As a result, an 
invasion of bacterial pathogens may take place 
inducing the paneth cells to secrete tumor 
necrosis factor-alpha as an inflammatory 
mediator [17]. 

The CSN1S2 protein of Etawah crossbred 
goat milk can reduce the damage to the jejunum 
tissues of the RA group due to its properties as 
an anti-oxidative [20], immunomodulatory [21], 
anti-microbial [22] and anti-inflammatory 
compounds in tissues [8]. Besides, CSN1S2 
protein can also improve the perforation in the 
ileum due to the accumulation of toxins in the 
intestine [23]. However, theCSN1S2 protein of 
Etawah crossbred goat yogurt was not effective 
in repairing the jejunum. Thatis consistent with 
the previous research stating that CSN1S2 
protein from Etawah goat yogurt can not control 
normal flora in the intestine. It causes blunt villi 
in the ileum as well [8]. 

Rheumatoid arthritis is a gastrointestinal 
disease caused by an imbalance of intestinal 
microbiota. This condition is related to the ability 
of adjuvants to change T cell responses and 
stimulate systemic inflammation. Adjuvants can 
increase intestinal permeability and facilitate 
antigen invasion in the lumen through the 
immune system in the intestinal mucosa [5]. The 
pathogenesis of RA disease is characterizedas an 
increase in cell damage and inflammatory 
conditions in the ileum due to the imbalance of 
intestinal homeostasis [8]. Pathological 
conditions are caused by the paneth cells 
secreting tumor necrosis factor-alpha as an 
inflammatory mediator [17]. Inflammation can 
cause necrosis [24]. This study revealed that the 
necrotic cell number in the RA group was the 
highest and significantly different from the other 
groups. The yogurt given to the control group is 



 
 
 

J. Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Jejunum tissue in RA-CFA rat model improved by Caprine CSN1S2 protein  
(Zaidah, et al.) 

59 

safe to consume since its number of normal and 
necrotic cells did not differ significantly from the 
control and CM group. Our study reported that 
CSN1S2 protein from Etawah crossbred goat milk 
could trigger the normal cell proliferation 
indicated by the high number of the cells. But, if 
the goat milk is fermented into yogurt, it cannot 
increase the normal cell number.  

The SEM analysis of bone in the previous 
study [25] showed that the CSN1S2 protein from 
Etawah crossbred goat yogurt could increase 
phosphorus minerals but low in calcium and 
nickel. The increase in phosphorus enhances ATP 
degradation, which results in elevated inorganic 
phosphate in cells so that the tissue experiences 
hypoxia. The other study reported that Caprine 
CSN1S2 protein milk could improve the 
proliferation of normal cells and reduce the 
necrotic cell number in the RA group due to the 
physiological role of CSN1S2 protein as an anti-
oxidative [20] and immunomodulators [21,26]. 
Moreover, bioactive peptides of CSN1S2 protein 
of Etawah crossbred goat milk can increase the 
proliferation of pre-osteoblast cells to control cell 
inflammation due to oxidative stress [25]. The 
yogurt from Etawah goat milk is not suitable for 
routine consumption by RA patients because it 
can result in decreased normal cells number and 
elevated necrotic cells. Thought, we take the 
recommendation that the fresh milk Etawah 
crossbred goat to be consumed by patients with 
RA as proper. However, the Etawah crossbred 
goat yogurt is not recommended for routine 
consumption due to the effect may worsen 
rheumatoid arthritis patients.  

CONCLUSION 
This study concluded that the damaged cells 

of jejunum villi are successfully repaired by 
CSN1S2 protein in fresh milk Etawah crossbred 
goat milk. However, the yogurt CSN1S2 protein 
failed the cell improvements. 

Acknowledgments 
This study was supported by the Professor 

research Grant 2019 (DIPA-042.01.2.400919/ 
2019), Brawijaya University. We thank Biosains 
Institute, Brawijaya University, for providing the 
laboratory facilities. We gratefully acknowledge 
Pupimadita Tizar Afdora, M.Si for laboratory 
assistance, and Hazna Noor Meidinna, S.Si, for 
English proofreading. 

REFERENCES 
[1]  Fundamental Health Research (Riset 

Kesehatan Dasar Riskesdas). 2013. Ofice of 

Health Research and Development (Badan 
Penelitian dan Pengembangan Kesehatan). 
Indonesian Ministry of Health. Available at: 
http://www.depkes.go.id/resources/downl
oad/general/hasilRiskesdas2013.pdf.  

[2]  Shlotzhauer, T.L. 2014. Living with 
rheumatoid arthritis. Johns Hopkins 
University Press. Maryland.  

[3]  Silva, G.B., B.Z. Reis, S.M.F. Cozzolino. 2016. 
Micronutrients Deficiencies in Rheumatoid 
Arthritis Patients. Int. J. Pathol. Clin. Res. 
2(29). 1-5.  

[4] Actis, G.C. 2014. The gut microbiome. 
Inflamm. Allergy Drug. Targets. 13(4). 217-
23. 

[5] Yeoh, N., J.P. Burton, P. Suppiah, G. Reid, S. 
Stebbings. 2013. The Role of the 
Microbiome in Rheumatic Diseases. Curr. 
Rheumatol. Rep. 15(314). 1-11. 

[6]  Jethwa, H., S. Abraham. 2017. The evidence 
for microbiome manipulation in 
inflammatory arthritis. Rheumatology. 
56(9). 1452-1460.  

[7]  Hochberg, M.C., A.J. Silman, J.S. Smolen, 
M.E. Weinblatt. 2014. Rheumatology, 6

th
 

Ed. Mosby, Elsevier Ltd. Missouri.  
[8]  Rohmah, R.N., E. Widjajanto, F. Fatchiyah. 

2015. Protective effect of CSN1S2 protein of 
goat milk on ileum microstructure and 
inflammation in rat-CFA-induced 
rheumatoid arthritis. Asian Pac. J. Trop. Dis. 
5(7). 564-568. 

[9]  Inagaki-Tachibana, E., T. Tsukahara, K. Kaji, 
R. Eguchi, H. Kanazawa, H. Hayashi., Y. 
Suzuki. 2009. Involvement of DNA 
fragmentation of enterocytes in mucosal 
injury to a mouse jejunum incubated in 
using chambers. Nagoya J. Med. Sci. 71(1-
2). 11-18.  

[10]  Zheng, Z., Z. Zuo, P. Zhu, F. Wang, H. Yin, X. 
Peng, J. Fang, H. Cui, C. Gao, H. Song, P. 
Ouyang, Y. Zhou, S. Zhao. 2017. Research 
Paper A study on the expression of 
apoptotic molecules related to death 
receptor and endoplasmic reticulum 
pathways in the jejunum of AFB1-
intoxicated chickens. Oncotarget. 8(52). 
89655-89664.  

[11]  Vitetta, L., S. Coulson, J. Schloss, S.L. Beck, 
R. Allen, A. Sali. 2012. Dietary 
recommendations for patients with 
rheumatoid arthritis: a review. Nutr. Diet. 
Suppl. 4. 1-15. 

[12]  Greppi, G.F., P. Roncada, R. Fortin. 2008. 
Protein components of goat’s milk. In: 



 
 
 

J. Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Jejunum tissue in RA-CFA rat model improved by Caprine CSN1S2 protein  
(Zaidah, et al.) 

60 

Pulina, G., A. Cannas (Eds). Dairy Goats 
Feeding and Nutrition, 2

nd
 Ed. Bologna, CAB 

International. Oxfordshire. 71-94. 
[13]  Cozma, A., S. Andrei, D. Miere, L. Filip, F. 

Loghin. 2011. Proteins profile in milk from 
three species of ruminants. Not. Sci. Biol. 
3(1). 26-29. 

[14]  Budiarti, I.K., M. Padaga, F. Fatchiyah. 2013. 
Nutritional composition and protein profile 
of goat yogurt PE with double culture 
between Streptococcus thermophilus and 
Lactobacillus Species. Cukurova Medical 
Journal. 38(4). 681-686. 

[15]  Bia, R.R., R.P. Virgirinia, B. Setiawan, A. 
Soewondo, F. Fatchiyah. 2015. Goat milk 
CSN1S2 is able to decrease the severity 
scoring, TNF-a, and RAGE expression in 
complete Freund’s adjuvant-induced 
rheumatoid arthritis model of rats. BGM. 7. 
64-71. 

[16]  Nagai, N., T. Tanino, Y. Ito. 2015. Excessive 
interleukin 18 relate the aggravation of 
indomethacin-induced intestinal 
ulcerogenic lesions in Adjuvant-Induced 
Arthritis Rat. Biol. Pharm. Bull. 38(10). 
1580–1590.  

[17] Tlaskalová-Hogenová, H.,  R. Stěpánková, H. 
Kozáková, T. Hudcovic, L. Vannucci, L. 
Tučková, P. Rossmann, T. Hrnčíř, M. Kverka, 
Z. Zákostelská, K. Klimešová, J. Přibylová, J. 
Bártová, D. Sanchez, P. Fundová, D. 
Borovská, D. Srůtková, Z. Zídek, M. 
Schwarzer, P. Drastich, D.P. Funda. 2011. 
The role of gut microbiota (commensal 
bacteria) and the mucosal barrier in the 
pathogenesis of inflammatory and 
autoimmune diseases and cancer: 
contribution of germ-free and gnotobiotic 
animal models of human diseases. Cell. Mol. 
Immunol.  8(2). 110–120.  

[18]  Freedman, J.C., M.A. Navarro, E. Morrell, J. 
Beingesser, A. Shrestha, B.A. McClane, F.A. 
Uzal. 2018. Evidence that Clostridium 
perfringens Enterotoxin-induced Intestinal 
Damage and Enterotoxemic Death in Mice 
Can Occur Independently of Intestinal 
Caspase-3 Activation. Infect. Immun. 86(7). 
e00931-17.  

[19]  Peckham, M. 2011. Histology at a glance. 
John Wiley and Sons Ltd. Chichester. 

[20]  Chotimah, C., G. Ciptadi, B. Setiawan, F. 
Fatchiyah. 2015. CSN1S2 protein of goat 
milk inhibits the decrease of viability and 
increases the proliferation of MC3T3E1 pre-
osteoblast cell in methylglyoxal exposure. 

Asian Pac. J. Trop. Dis. 5(3). 219-223.  
[21]  Sharma, S., R. Singh, S. Rana. 2011. 

Bioactive peptides: a review. Int. J. 
Bioautomation. 15(4). 223-250.  

[22]  Sujono, Y. Bekti, A. Hikmawan, A. Saga, 
Yuananda. 2016. Use of milk goat yoghurt 
lowering uric acid, cholesterol and blood 
glucose. The 2

nd
 International Conference 

on Science, Technology, and Humanity. 
ISSN: 2477-3328.  

[23]. Agustina, V., B. Setiawan, F. Fatchiyah. 
2015. Acute toxicity of caprine alpha S2-
casein protein on the microstructures and 
mineral profiles of rat ileum. Asian Pac. J. 
Trop. Dis.  5(9). 721-725.  

[24]  Elmore, S.A., D. Dixon., J.R. Hailey, T. 
Harada, R.A. Herbert, R.R. Maronpot, T. 
Nolte, J.E. Rehg, S. Rittinghausen, T.J. Rosol, 
H. Satoh., J.D. Vidal., C.L. Willard-Mack., 
D.M. Creasy. 2016.  Recommendations from 
the INHAND Apoptosis/Necrosis Working 
Group. Toxicol. Pathol. 44(2). 173-188.  

[25]  Fatchiyah, F., B. Setiawan, S. Suharjono, Z. 
Noor. 2015. The anti-osteoporosis effects of 
CSN1S2 protein of goat milk and yoghurt on 
a complete Freund’s adjuvant-induced 
Rheumatoid Arthritis model in rats. BGM.  
7. 139-146. 

[26]  Fatchiyah, F., S.J. Raharjo, F.R.P Dewi. 2015. 
Virtual Selectivity Peptides of CSN1S2 
Protein of Local Goat Etawah Breeds Milk 
Modulate Biological Mechanism of 
Calmodulin. Int. J. Pharm. Bio. Sci. 6(2). 707 
-718.  

 

 

 

 

 

 

 

 

 

 

 



 
 
 

J. Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Combination of M. charantia Extract and A. bilimbi on Nf-Kb Activation  
in Mice Balb/C Hyperglycemia Models (Sampurna, et al.) 

61 

The Effectiveness of Combination of Momordica charantia Extract and 
Averrhoa bilimbi on Nf-Kb Activation in Mice (Mus musculus) Balb/C 

Hyperglycemia Models 
 

Intan Sartika Risky Sampurna1, Muhaimin Rifa’I2*, Sri Rahayu2 
 

1Magister Biology, Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Malang, 
Indonesia 

2Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Malang, Indonesia 
 

Abstract 
Hyperglycemia is a medical condition when the blood glucose levels increase exceeds the reasonable limit. 
Hyperglycemia is a typical sign of diabetes mellitus (DM). Indonesia is the sixth-ranked country in the world after China, 
India, United States, Brazil, and Mexico. Treatment with herbs is currently being developed. Pare (Momordica 
charantia) and Belimbing wuluh (Averrhoa bilimbi) are plants that found around us. Some studies state that each of 
these plants can be anti-diabetic. The hyperglycemia can cause an immune system disorder characterized by pancreatic 
β cell death involving IL-1β, kappa B (NF)-κB nuclear factor, and Fas. The ability of NF-kB activation will affect the 
number of cytokines expressed by T cells, namely TNF-α, and IFN-γ. The purpose of this study is to determine the effect 
of NF-kB activation on blood glucose levels in hyperglycemia mice. The results showed that the positive control 
treatment showed an increase in the number of NF-kB activations in CD4 and CD8 cells. EPBW (combination of 
Averrhoa bilimbi extract and Momordica charantia) administration results at a dose of 10 mg.kg-1 BW showed a 
reduction in the amount of activated NF-kB as a substitute for the reduction. In addition, that dose can reduce blood 
sugar levels in mice hyperglycemia model.  

Keyword: Averrhoa bilimbi, Hyperglycemia, Mamordica charantia, NF-kB.  

INTRODUCTION* 
Hyperglycemia is a typical sign of diabetes 

mellitus (DM). Based on WHO data, 422 million 
people live with diabetes [1]. Diabetes is one of 
the autoimmune diseases caused by decreased 
insulin secretion by pancreatic β cells [2]. The 
hyperglycemia will cause an immune system 
disorder characterized by pancreatic β cell death. 
This cell death involves IL-1β and nuclear factor 
kappa B (NF-kB). The ability of NF-kB activation 
will affect the number of cytokines expressed by 
T cells, such as TNF-α [3]. 

Herbal treatment can reduce the risk of 
dependence, such as treatment using chemicals. 
Averrhoa bilimbi is a plant we can found around 
the people of Indonesia. Averrhoa bilimbi has 
several active substances, including antioxidants 
as anti-bacteria, anti-diabetes, and anti-
inflammatory [4].  

Momordica charantia contains charantin, 
which can recover pancreatic beta cells. In 
addition, A. bilimbi as anti-hyperglycemic 
whereby giving ethanol extracts of A. bilimbi can 
affect the blood glucose levels of mice, that have 
hyperglycemia. Flavonoids are believed to be 
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antidiabetic substances as inhibitors of the alpha-
glucosidase enzyme that delay the absorption of 
carbohydrates so that the blood glucose levels 
will decrease [5]. Combining the two plants is 
expected to increase the effectiveness of active 
substances contained in the two plants. The 
purpose of this study is to determine the effect 
of EPBW on NF-kB activation and blood glucose 
level in mice with hyperglycemia model. 

MATERIAL AND METHOD 
This research was conducted from November 

2019 to February 2020 in the Animal Laboratory 
of Malang State University, and the Laboratory of 

Physiology, Structure and Animal Development, 
Department of Biology, Universitas Brawijaya, 
Malang, East Java, Indonesia.  

Description of Tested Animals 
Tested animals used in this study were 25 

Bab/c mice with 6-week-old female sex obtained 
from the Animal Physiology Laboratory of Islamic 
University of Malang. The average weight of mice 
was 23 g.  

Research Design 
This study used a Completely Randomized 

Design (CRD) with five treatment groups with five 
replications for each treatment. The treatments 
of this study were healthy control, pain control, 
and treatment with three different EPBW doses. 
Tested animals in the control group and 
treatment group were given streptozotocin (STZ) 
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injections with a single dose of 145 mg.kg-1 BW 
dissolved in an STZ buffer with a pH of 4.5. After 
three days of the injection, fasting blood sugar 
from mice was measured. Mice for the treatment 
group were mice, which had blood glucose <200 
mg.dL-1. The treatment group used three doses 
of combinations of EPBW in 10, 40, 160 mg.kg-1 
BW. Research design referred to the approval of 
the ethics commission number 1109-KEP-UB.  

Preparing EPBW 
The extract of A. bilimbi and M. Charantia 

were obtained from Materia Medika in Malang, 
East Java. The solvents used were ethanol 96%, 
which is a solvent that has a group of hydroxyl, 
which is polar and group alkyl, which is non-polar 
so it can dissolve the entire secondary 
metabolites compound that contained in the 
plants [6]. The compound from bitter melon is a 
compound of three secondary metabolites that is 
polar or non-polar, so the organic solvent, such 
as ethanol 96%, is needed. Ethanol extract can 
activate the flavonoid, saponin. By doing the 
extraction, crude extracts were obtained from 
the two plants [5]. Making EPBW were 
performed using a solvent of distilled water of 
150 mL for each dose treatment. Making extracts 
were done every three days. The EPBW 
combination was given using a sonde adjusted to 
the weight of the mouse and carried out every 
day for 15 days. 

Cell Isolation of Spleen 
Mice that had been treated for 14 days were 

surgically removed to isolate cells from spleen 
organs by being crushed in PBS solution, then 
transferred in a 15 mL propylene tube. After all 
the spleens from the experimental animals were 
collected, centrifugation was carried out with a 
speed of 2500 rpm and a temperature of 10ᵒC for 
5 min. The supernatant from the centrifugation 

was removed, and pellets added with 1 mL PBS 
and homogenized. 

Antibody Staining and Flow-cytometric 
Analysis 

Flow-cytometric analysis performed using DB 
Cellquest Pro software. Intracellular cytokine 
staining was performed by a Cytoperm/Cytofix 
kit (BDBiosciences Pharmingen) according to the 
manufacturer protocol and modified by Rifa'i [7]. 
Staining that was used was FITC-conjugated rat 
antimouse CD4, PE-conjugated rat-antimouse 
CD25 and PE/Cy5 conjugated rat antimouse NF-
kB, FITC-conjugated rat antimouse CD4, PE-
conjugated rat- antimouse TNF-α and PE/Cy5 
conjugated rat anti-mouse IFN-γ. 

Statistical Analysis 
Data analysis using BDCellQuest Pro software 

with testing with statistical analysis using one 
way ANOVA (Analysis Of Variance) using SPSS 
version 25. The results of the study were said to 
be significant if the results obtained were p 
<0.05. If the results of the study are significant, 
further tests are conducted using Tukey Test. 

RESULT AND DISCUSSION 
EPBW Decrease The Activation of NF-kB in 
CD4 Cells 

The positive control group is a hyperglycemia 
(K+) mouse model of the relative number of 
CD4+ cells that express the highest NF-kB 
compared to the healthy control group (K-), 
which is 7.45% (p <0.05). The average healthy 
control was lower than the pain control that was 
6.3% but significantly different from the average 
relative number of cells expressing NF-kB in the 
hyperglycemia mouse group P1 5.5%, but not 
different in the P2 group by 6.3% and P3 of 6.9% 
as indicated by the notation in Figure 1. 

 
Figure 1.  Graph of the Decreasing of NF-κB activation in CD4 cells in hyperglycemia mice. Note: K- = healthy control, K+ = pain 

control, P1 = hyperglycemia mice model with a treatment dose of 10 mg.kg-1 BW, P2 = hyperglycemia mice model 
with a treatment dose of 40 mg.kg-1 BW, P3 = hyperglycemia mice model with a treatment dose of 160 mg.kg-1 BW. 
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Figure 2.  Graph of the Decreasing of NF-kB activation in CD8 cells in hyperglycemia mice. Note: K- = healthy control, K+ = pain 

control, P1 = hyperglycemia mice model with a treatment dose of 10 mg.kg-1 BW, P2 = hyperglycemia mice model 
with a treatment dose of 40 mg.kg-1 BW, P3 = hyperglycemia mice model with a treatment dose of 160 mg.kg-1 BW. 

EPBW Decrease The Activation of NF-kB in 
CD8 Cells 

The results of the analysis of flow cytometry 
and analysis of statistics of the number of NF-kB 
expressed from T lymphocyte CD8+ (Fig. 2). The 
positive control group, which is a hyperglycemia 
(K+) mouse model, the relative number T 
lymphocyte  CD8+ cells that express NF-kB was 
the highest compared to the healthy control 
group (K-), in the amount of 3.1% (p <0.05). The 
average healthy control was lower than the pain 
control at 3.7% but significantly different from 
the average relative number of cells expressing 
NF-kB in the hyperglycemia mice model P1 group 
2.5%, but not different in P2 group by 4.04% and 
P3 3.9% are indicated by the notation in Figure 2. 

EPBW DecreaseThe Blood Glucose Level  
The results of measurement of blood sugar 

levels in hyperglycemia mice conducted every 
three days for 15 days of treatment showed a 
decrease. It is shown in Figure 3.  

 
Figure 3. Graph of the decreasing fasting blood sugar 

levels. Note: K- = healthy control, K+ = pain 
control, P1 = hyperglycemia mice model with a 
treatment dose of 10 mg.kg-1 BW, P2 = 
hyperglycemia mice model with a treatment 
dose of 40 mg.kg-1 BW, P3 = hyperglycemia 
mice model with a treatment dose of 160 
mg.kg-1 BW. 

Negative control mice had blood sugar levels 
of 131 mg.dL-1, whereas hyperglycemia model 
mice on positive controls had blood sugar levels 
of 413 mg.dL-1. There was a decrease in all 
treatments with an average treatment of P1 356 
mg.dL-1, P2 of 359 mg.dL-1 and P3 389 mg.dL-1. 

Discussion 

The combination of EPBW extracts as an 
antidiabetic to reduce NF-KB activation, 
proinflammatory factors, and reduce blood sugar 
levels in hyperglycemia mice models. 
Hyperglycemia is one of the first symptoms of 
diabetes [7]. Diabetogenic effects on 
streptozotocin administration will be initiated by 
reactive oxygen species (ROS) through direct 
toxic effects on GLUT 2, the cytokine action of 
TNF-α, and INF-γ due to stimulation of 
dependent T cells. In response to streptozotocin, 
Th-1 type cytokines and other immune cells 
produce ROS that activates NF-kB [8].  

The use of the hyperglycemia mice model 
treated with EPBW extract on CD4 and CD8 cells 
showed a decrease in the number of activated 
NF-kB. As in diagrams and tables, NF-kB regulates 
the expression of most immunomodulatory 
factors, including cytokines, chemokines, 
adhesion molecules, antimicrobial factors, cell 
cycle regulators, and cell survival factors [9]. The 
decreased activation of NF-kB in the treatment 
group will affect the proliferation and activation 
of T and B cells. Also, it will affect the number of 
cytokines such as (IL-1, IL-6, TNF-α) that play a 
role in responding to the antigens or 
microorganisms and play a role in the 
inflammatory process [10].  

Decreased amount of activated NF-kB will 
affect the number of cytokines produced during 
activation of NF-kB, a protein that can induce 
transcription of several types of genes. It can 
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stimulate inflammation by inducing the 
production of various inflammatory mediators, 
such as TNF-α, IFN-γ [11]. 

STZ induction in the Hyperglycemia mice 
model can trigger necrosis because it is toxic as in 
previous studies, that STZ could destroy 
pancreatic islet through necrosis mechanism. The 
damage of pancreatic beta cells is characterized 
by an increase in fasting blood sugar [12]. EPBW 
contains several active compounds that can 
reduce blood sugar levels. The decrease of blood 
glucose levels in the hyperglycemia mice model 
was caused by several active compounds found 
in Momordica charantia, e.g. sitosteryl glucoside 
and stigmasteryl glucoside.  The combination of 
these compositions forms charantin, which is a 
potential substance with antidiabetic properties 
[5]. In addition, charantin can stimulate insulin 
secretion. It is due to increased recovery of 
pancreatic B cells because these substances can 
improve and inhibit pancreatic B cell death [13].  

The function of Saponins in EPBW is as anti-
hyperglycemia agents by preventing glucose 
uptake in the brush border in the small intestine. 
Flavonoids are also one of the active substances 
contained in EPBW, which is an alpha-glucosidase 
enzyme inhibitor that is used to delay the 
absorption of carbohydrates so that the blood 
glucose levels will decrease [5]. 

CONCLUSION 
The combination of EPBW in hyperglycemia 

mice gave good results in reducing the amount of 
NF-kB activation. It supported by the decrease in 
blood sugar levels of hyperglycemia mice. A dose 
of 10 mg.kg-1 BW is considered effective in 
reducing the amount of NF-kB activation as well 
as in reducing blood glucose levels in mice. 
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Abstract  
Green tea is a popular functional beverage mostly due to its high antioxidant activity. However, based on preliminary 
study, the taste such as its bitterness and flavour were somehow disliked by Indonesian consumers, and therefore 
formulation with other materials such as the addition of cinnamon and lemon peel may bring an advantage. This 
research was aimed to study the effect of formulation of bagged Indonesian green tea with cinnamon and lemon peel 
to the physicochemical characteristics of the tea and its consumer acceptance. Evaluation on the effect of different 
steeping time while brewing those tea formulas was also reported. The formula being investigated was F1, F2, and F3 
with green tea: cinnamon: lemon peel at the ratio of 70:15:15, 70:12:18, and 70:9:21, respectively. Tea brewing was 
performed at 100°C, followed by a steeping time (L) at 1, 3, and 5 minutes. The results indicated that the addition of 
more cinnamon and longer steeping time had increased total phenol and antioxidant activity of the brewed tea. Based 
on the consumer acceptance test, the formula of green tea: cinnamon: lemon peel at 70:15:15 along with 3 minutes 
steeping time, was generally scored highest for degree of liking but the ratio of 70:12:18 was the most accepted or 
preferred for aroma. The best treatment was achieved on the ratio of green tea:cinnamon:lemon peel = 70:12:18, 
under 5 minutes steeping time. The best treatment provided a pH of 5.13, lightness (L*) at 44.93, redness(a*) at -2.50, 
yellowness (b*) at 16.93, total phenol of 59.82 mgGAE.g

-1
, and IC50 of 59.39 ppm. 

Keywords: Bagged Indonesian Green Tea, Cinnamon, Lemon Peel, Steeping Time 

 
INTRODUCTION

*
 

The role of tea commodity in the world has 
been always withstand for its benefits for body 
requisite. Tea meets with our need for thirst, 
nutrition, and a particular taste. Indonesia is 
known as the fifth-largest tea producing country 
after China, India, Kenya, and Sri Lanka, typically 
for black, oolong, and green tea [1]. Green tea is 
one type of tea that can meet the body's 
nutritional needs because of its antioxidant 
compounds, such as polyphenols [2]. Green tea is 
superior comparing to other kinds of tea because 
green tea doesn’t go through an enzymatic 
oxidation process. Therefore its antioxidant is 
more active and beneficial for the body [3]. But 
in addition to these advantages, green tea has a 
bitter taste that limits its consumption [4]. Our 
preliminary study also revealed that the 
bitterness and flavour of Indonesian green tea 
were somehow disliked by Indonesian 
consumers.  Therefore formulation with other 
materials may bring benefits in terms of 
consumer’s perspectives. 

Out of several ingredients to be added into 
tea offered through an online survey, the 
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majority of consumers (87.5%) mentioned 
preference to cinnamon and lemon peel. These 
two materials were locally and abundantly 
available in Indonesia. Cinnamon contains 
cinnamaldehyde, an essential compound that 
may contribute to sensory characteristics due to 
its ability to mask off-flavor. The compound is 
also useful because of its antioxidant properties, 
which are stronger than other herbs [5]. Different 
from cinnamon, lemon peels have a low 
antioxidant (793 ppm) [6]. However, its 
importance is mostly to alter the sensory 
character of the final product as previously 
reported in the study in dragon fruit peel tea and 
stevia, where 40% addition of lemon peel had 
improved its sensory characteristics in terms of 
taste, aroma, and overall flavour [7]. 

In the preparation of tea beverages, the dried 
tea leaves or tea in a bag (bagged tea) are 
generally brewed using hot water. The tea in 
contact with water was then allowed to soak for 
a few minutes to let the flavour and chemical 
components released in the extract, a processed 
called as steeping. The brewing process, 
especially the steeping time, has a significant role 
in the quality of the flavor and color of the 
brewed tea [8]. Generally, steeping time for tea 
was performed at 2-3 minutes [9]. Steeping for 5 
minutes is proven to be able to extract 50% of 
tea polyphenols. However, longer steeping for 
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more than 10 minutes may cause tannin to 
detach and tea becomes even bitter [10]. 

Previous research on snake fruit peel herbal 
tea drinks with the addition of fragrant pandan 
leaves and cinnamon [11], had reported the 
importance of ingredients ratio in the formula to 
the characteristics and quality of the product. 
This research was aimed to study the effect of 
the formulation of bagged Indonesian green tea 
with cinnamon and lemon peel to the 
physicochemical characteristics of the tea and its 
consumer acceptance. The effect of different 
steeping times while brewing was also being 
investigated. 

MATERIALS AND METHODS 
Materials  

The main materials used in this study were 
AA quality green tea (Wonosari Malang Tea 
Plantation), KM quality cinnamon bark (PT. 
Grencofe Premium Indonesia), and lemon peel 
(UKM Sari Lemon Gemeli, Batu). Those materials 
were dried using cabinet dryer and ground into 
powder (20 mesh). 

Analytical materials included DPPH 
(SigmaAldrich), Folin-Ciocalteau (Merck), Na2CO3 
(Merck), methanol pro analysis (Smartlab), 
ethanol pro analysis (Smartlab), gallic acid 
(Merck). Aquadest, aluminum foil, filter paper, 
paper teabag, and small paper cups were 
purchased from a local shop. 

Preliminary Study 
Stage one of the preliminary study was an 

online survey. The online method was used to 
collect data from 440 correspondents across 
Indonesia. The survey was aimed to get some 
insights on which kind of tea and additional 
ingredients for the tea formula that Indonesian 
consumers preferred, and thus giving the basis 
for product development. The participants of this 
survey were consumers mainly from the age of 
17-25 years old (82.7%), men (71.4%), Javanese 
(65%), and university students (70.2%). The 
results were used for formulas that are further 
tested in this research.  

Stage two was determining the percentage of 
materials in the formulation and the range of 
steeping time during the brewing process. The 
author follows the formula used by previous 
research on green tea with different additional 
ingredients [12], and modify it by using 50%, 
60%, 70%, 80%, 90% of green tea. The trial was 
performed by employing limited consumer 
panellists (10 people) to test sensory acceptance.  
The range of steeping time during tea brewing 

was selected based on the Indonesian National 
Standard (SNI 01-4324-1996) and similar 
research about steeping time-related to 
polyphenol compounds [10,13]. The result of the 
preliminary study gave the formula and tea 
steeping time used in the research.  

Research Design 
The study was conducted using a factorial 

randomized block design with two factors. The 
first factor was the ratio of green tea: 
cinnamon:lemon peel with three formulations, 
i.e. F1 (70:15:15), F2 (70:12:18), and F3 (70:9:21), 
in percentage. The second factor was three levels 
of steeping time (L) at 1, 3, and 5 minutes. The 
analysis was conducted in triplicates. The best 
treatment was determined using the Multiple 
Attribute method by Zeleny [13].  

Tea Preparation 
Green tea powder, cinnamon powder, and 

lemon peel powder (20 mesh) were weighed 
according to the formula and bagged in a paper 
teabag ea. ± 2 g. This bagged tea was further 
brewed with hot water (100°C) before further 
steeping for certain times based on the designed 
treatments. 

Physicochemical Analysis 
All samples (dry tea formula and brewed tea) 

were analysed for color by measuring Lightness 
(L*), redness (a*), and yellowness (b*) by using 
color reader (CR-10) [14], pH by using pH meter 
(Senz pH) [15], and moisture content by using 
AOAC gravimetric method [16], total phenol [17] 
and antioxidant activity [18]. For total phenol 
analysis [17], the sample (0.5 mL) was added to a 
10 mL Folin Ciocalteau 10% solution, then 
incubated for 5 minutes at room temperature 
(±28°C). Then, 2 mL of Na2CO3 7.5% added before 
further homogenization and incubation for 30 
minutes in the dark. The absorbance was 
measured at a maximum wavelength of 750 nm. 
Total phenol levels were expressed as gallic acid 
equivalent (mgGAE.g

-1
). 

The antioxidant activity was measured by IC50 
analysis [18], where 2 mL samples were reacted 
with 2 mL DPPH 0.2 mM and homogenized. The 
mixtures was further incubated at room 
temperature (±28°C) in the dark for 30 minutes. 
Absorbance were measured using a 
spectrophotometer (Thermo Scientific Genesys 
110s UV-Vis) at a maximum wavelength of 517 
nm. 

Consumer Acceptance Test 
Consumer acceptance of the brewed tea was 

evaluated by using the hedonic method [19]. For 
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this purpose, as many as 140 consumer panellists 
were employed to evaluate 9 samples for the 
degree of liking. Panellists were asked to rate six 
parameters i.e. color, aroma, taste, aftertaste, 
appearance, and overall liking from 1 to 9.  

Statistical Data Analysis 
Data was collected and tabulated in Microsoft 

Excel 2013 software (Microsoft Corp., Redmond, 
Washington, USA). Analysis of Variance (ANOVA) 
and further post-hoc analysis was performed 
using Minitab 17 statistical software (Minitab 
Inc., State College, Pennsylvania, USA).  

RESULTS AND DISCUSSION 
Evaluation on Raw Materials 

Based on Table 1, it can be seen that each 
material has different chemical and physical 
characteristics. It should be noted that the 
differences are not only solely due to the 
different material but could also be the origin of 
raw materials, storage conditions, humidity of 
the surrounding air, post-harvest processing, 
particle size, harvesting process, the duration of 
the process before being packed, the type of 
machine/tool during the process, the method 
and the purpose of extraction, type of quality, 
method of drying and varieties of material [20]. 

The different characteristics are due to the 
compounds contained in the material. Lemon 
peels contain organic acids, such as citric acid, 
malic acid, oxalic acid, and malonic acid [21]. 
Cinnamon contains cinnamic acid, cinnamid, 
vanillic acid, gallic acid, protocatechuic acid, 
caffeic acid, ferulic acid, p-coumaric [22]. Green 
tea contains several organic acids, including 
ascorbic acid, malic acid, oxalate, gallate, 
chlorogenic, and succinate [23]. 

Table 1. Characteristics of teabag raw materials 
Parameter Green Tea Cinnamon  Lemon Peel 

water content (%) 7.82 ± 0.34 8.88 ± 0.55 9.67 ±  0.35 
L* 47.30 ± 0.95 53.73 ± 0.83 70.77 ± 2.80 
a* -2.27 ± 0.15 8.97 ± 0.51 1.60 ± 0.10 
b* 11.57 ± 0.74 20.73 ± 0.59 30.67 ± 0.21 
pH 5.23 ±  0.15 5.17 ± 0.06 4.43 ±  0.12 

Total phenol 
(mgGAE.g-1) 

257.37 ± 0.55 81.93 ± 0.29 30.87 ± 0.24 

Antioxidant 
activity IC50 (ppm) 

16.37 ± 0.21 54.54 ± 0.48 294.18 ± 4.55 

Note: Data mean ± standard deviation (n=3) 

Formulation of Materials 
Based on Table 2, it can be seen that the 

higher the amount of lemon peel would increase 
the water content. In a less optimal drying 
process, water will still be available in the albedo 
part, therefore the water content is still quite 
high. Albedo’s function is to supply nutrients and 

water from trees [24]. It is also known that 
lightness (L*), and yellowness (b*) are increased 
while decreasing redness (a*). The increase in L* 
and b* value are thought due to the degradation 
of chlorophyll pigments into carotenoids and β-
cryptoxanthin during fruit ripening resulting in 
yellowish color and lightness [25]. The a* value 
decreased with the reduction of cinnamon 
suggested due to the loss of darkness 
contribution such as from cinnamaldehyde and 
anthocyanin [11].  

Table 2. Characteristics of dry teabag formulations 

Parameter 

Treatment Ratio of Green Tea:Cinnamon: 
Lemon Peel (%) 

F1 (70:15:15) F2 (70:12:18) F3(70:9:21) 

Water 
content (%) 

8.80 ± 0.79 9.34 ± 0.46 9.99 ± 0.29 

L* 46.83 ± 1.04c 49.17 ± 0.81b 52.33 ± 0.57a 
a*  0.48 ± 0.03a  0.38 ± 0.03b -0.20 ± 0.00c 
b* 14.63 ± 0.21b 15.70 ± 0.53ab 16.90 ± 0.96a 
pH 4.93 ± 0.06 4.87 ± 0.05 4.80 ± 0.10 

Total phenol 
(mgGAE.g-1) 

236.10 ± 
0.95a 

225.46 ± 0.73b 
192.76 ± 

0.82c 

Antioxidant 
activity IC50 

(ppm) 
16.46 ± 0.30c 17.61 ± 0.10b 19.01 ± 0.44a 

Note: Data mean ± standard deviation (n=3). Numbers 
accompanied by different notations showed significant 
differences (α = 0.05) 

Cinnamon contains cinnamic acid, gallic acid 
[22], cinnamaldehyde, eugenol >80%, and others 
[26]. These acidic compounds can play a role in 
the pH of cinnamon and affect formulation pH. 
Those acidic compounds also have a role with 
polyphenols such as epigallocatechin gallate 
(EGCg) in green tea, terpineol in cinnamon [27], 
and D-limonene in lemon peel [28]. Table 2 
indicates the decrease in total phenol and 
antioxidant activity when more lemon peel 
added. It is suggested due to the lower amount 
of total phenols and antioxidant activity in the 
lemon peel as compared to that of cinnamon. 
Previous research had also reported that lemon 
peel has a week antioxidant level [29]. 

Evaluation on the Brewed Tea 
The brewed tea was analysed for color, pH, 

total phenol, IC50 values, and the level of panelist 
preference. 

1. Color Analysis 
Results showed that the formulation of green 

tea, cinnamon and lemon peel, steeping time, 
and interactions between two factors has a 
significant effect (α = 0.05) on lightness (L*), 
redness (a*) but not on yellowness (b*) of 
brewed tea. Table 3 showed that higher lemon 
peel proportion would increase L* and b* value 
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of brewed tea while decreasing a* value. The L* 
value increase with the reduction in the 
proportion of cinnamon due to the loss of red 
color and lightness contribution from cinnamon. 
The results also showed that brewed tea has 
more b* than a* value, suggested due to more 
carotene compound that contributes to the 
yellow color while chlorophyll, carotene, 
pheophytin, xanthophyll, and pheophorbide in 
green tea and cinnamon might contribute to a* 
value [30].  

This study had also indicated that the longer 
steeping time increased the L*, a* and b* value, 
suggested due to more compounds extracted 
and interacted with others. The high 
temperature might result in color change due to 
chlorophyll degradation into pheophytin, which 
looks grayish-green [31]. 

2. pH Measurement 
The results of pH measurement of the 

samples are provided in Table 3. It can be seen 
that proportion of green tea, cinnamon, and 
lemon peel, steeping time had a significant effect 
on the pH of brewed tea (α = 0.05), but the 
interaction between two factors was not 
significant (α = 0.05). The higher proportion of 
lemon peel in a teabag and longer steeping time 
was found to decrease the pH of brewed tea. It is 
suggested due to the contribution of some 
components in teabag materials, such as organic 
acid (citric acid) in lemon peel [21], and the more 
acids dissolved [32]. 

3. Total Phenol  
Table 3 showed the result of total phenol 

analysis. The ANOVA indicated that the 
proportion of green tea, cinnamon, and lemon 
peel, steeping time, and interaction between the 
two factors had a significant effect (α = 0.05) on 

total phenols of brewed tea. It revealed that the 
higher proportion of cinnamon tends to increase 
the total phenolic content of brewed tea (Table 
3) since cinnamon has higher phenol than lemon 
peel (Table 1). One of important phenolic 
compounds in cinnamon is eugenol [27]. The 
increase in steeping time is found to increase 
total phenol. Again, this could be explained due 
to more extraction of phenolic compounds 
during steeping until it reaches the optimum 
point, where no more compounds can be 
extracted.  

4. Antioxidant Activity  
Antioxidant activity of the brewed tea (Table 

3) expressed as IC50 was found to be significantly 
different (α = 0.05) as influenced by different tea 
formulation and steeping time. The IC50 ranged 
approximately from 47.59 up to 115.49 ppm. 
Table 3 showed that a higher proportion of 
cinnamon tends to increase the antioxidant 
activity of brewed tea (or the decrease in IC50 
value). It is suggested due to the incorporation of 
several phenolic compounds, which are an active 
antioxidant from cinnamon such as 
cinnamaldehyde, cinnamyl acetate, and benzyl 
benzoate to the extract. The longer the steeping 
time was also found to decrease the IC50 of the 
corresponding brew, meaning that the 
antioxidant activity level was higher. The three 
formula (F1, F2, F3) showed a similar trend 
where the 5 minutes extraction time could 
increase antioxidant activity into two-fold, as 
shown by a decrease in IC50 up to almost half as 
compared to the 1-minute extraction or steeping 
time. Longer time allows more phenols and 
antioxidant compounds to be extracted into the 
brewed/infused tea. 

Table 3. Characteristics of the brewed tea 

Treatment 

Parameter 

L* a* b* pH 
Total phenol 
(mgGAE.g-1) 

IC50 (ppm) 

F1L1 54.00 ± 1.93ab -3.30 ± 0.20c 8.30 ± 0.82 5.33 ± 0.06 38.36 ± 2.90e 81.87 ± 4.67bc 
F1L2 41.63 ± 1.263e -2.63 ± 0.31b 13.07 ± 0.57 5.23 ± 0.06 60.97 ± 0.69ab 68.07 ± 1.57d 
F1L3 35.27 ± 3.37f -0.57 ± 0.06a 15.40 ± 0.89 5.17 ± 0.12 62.43 ± 0.15a 47.59 ± 1.30f 
F2L1 54.33 ± 3.26ab -3.90 ± 0.30d 9.03  ±0.57 5.30 ± 0.00 36.20 ± 0.48f 85.64 ± 1.70b 
F2L2 48.00 ± 0.36cd -2.90 ± 0.27bc 16.87 ± 1.20 5.17 ± 0.06 55.98 ± 0.42c 79.89 ± 0.48c 
F2L3 44.93 ± 3.87de -2.50 ± 0.27b 16.93 ± 1.60 5.13 ± 0.06 59.82 ± 0.20b 59.39 ± 1.67e 
F3L1 55.57 ± 2.58a -6.03 ± 0.64e 10.43 ± 0.71 5.27 ± 0.06 35.41 ± 0.67f 115.49 ± 4.38a 
F3L2 50.90 ± 2.52bc -3.17 ± 0.21c 17.23 ± 1.70 5.13 ± 0.06 39.38 ± 0.38e 81.27 ± 2.94bc 
F3L3 48.73 ± 1.03cd -2.53 ± 0.31b 17.47 ± 0.97 5.00 ± 0.10 47.63 ± 0.77d 66.56 ± 2.32d 

Note: F1= green tea: cinnamon: lemon peel (70:15:15), F2 (70:12:18) and F3 (70:9:21),  L1= steeping time at 1 minute, L2 = 3 
minutes, L3 = 5 minutes, Data mean ± standard deviation (n=3). Numbers accompanied by different notations showed 
significant differences (α = 0.05) 



 
 
 

J. Exp. Life Sci. Vol. 10 No. 1, 2020  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

Physicochemical Characteristics & Consumer Acceptance of  
Bagged Indonesian Green Tea (Kirana & Sunarharum) 

69 

5. Consumer Acceptance 
In the sensory evaluation, there were six 

parameters (color, aroma, taste, appearance, 
aftertaste, and overall liking) scored by 140 
consumer panelists. Score from 1 to 9 was used 
in the test to know the degree of liking or 
consumer acceptance. The result of this test can 
be seen in Table 4, where the formula of green 
tea: cinnamon: lemon peel at 70:15:15 along 
with 3 minutes steeping time (F1L2) was scored 
highest for all parameters except for aroma. The 
consumers preferred green tea: cinnamon: 
lemon peel at 70:12:18 combined with 5 minutes 
steeping time (F2L3) for aroma. It is more likely 
that consumer’s preference was driven by the 
aroma of the brew, where lemony aroma can 
offer a balance with a strong cinnamon aroma. 
The more lemon peel adds more acidity and 
lemon notes responsible for creating balance and 
reduce the dominance of cinnamon aroma. 
Moreover, the longer steeping time of 5 minutes 
was suggested to increase the extraction of 
aromatic compounds, essential oils, or flavour 
compounds from cinnamon and lemon peel into 
the brew. 

Table 4. Panelists' preference level for the brewed tea 

Treatment 
Parameter 

color aroma taste after-taste 
appear

ance 
overall 
liking 

F1L1 5.83 5.54 5.64 5.72 5.97 5.87 
F1L2 6.21 5.79 6.32 6.14 6.12 6.99 
F1L3 5.91 5.89 5.34 5.25 6.06 5.82 
F2L1 6.03 5.62 5.60 5.64 6.01 5.90 
F2L2 6.08 5.82 5.53 5.44 5.84 5.91 
F2L3 5.83 5.95 5.59 5.46 5.72 5.84 
F3L1 5.50 5.41 5.56 5.66 5.43 5.71 
F3L2 5.98 5.59 5.29 5.48 6.03 5.72 
F3L3 5.97 5.94 5.59 5.40 5.96 5.80 

Note: F1= green tea: cinnamon: lemon peel (70:15:15), F2 
(70:12:18) and F3 (70:9:21),  L1= steeping time at 1 
minute, L2 = 3 minutes, L3 = 5 minutes. Bold numbers 
indicate the highest value of liking (most preferred) 

6. Best Formula and Steeping Time Selection 
The best treatment in this research (formula 

and steeping time) is determined by the Multiple 
Criteria Decision-Making method [14], where all 
attributes are equally important. The 
involvement of all these attributes caused the 
ranking of each treatment to be different so that 
a different effectiveness index was also obtained. 
The determination of the best treatment can be 
calculated from all parameters measured i.e. 
physical, chemical, and organoleptic parameters 
with the lowest density distance. 

The best treatment with the lowest value of 
the effectiveness index 0.56 was the F2L3, which 

is a formula of green tea: cinnamon: lemon peel 
of 70:12:18, combined with 5 minutes steeping 
time. The physical and chemical quality 
characteristics of the best tea formula is provided 
in Table 5. 

Table 5. Characteristics of the best treatment(brewed tea) 

Parameter 
Best Treatment 

(F2L3) 
Green 

Tea 

pH 5.13 - 
Color (L*a*b* value) 44.93* -2.50* 16.93* - 

Total phenol (mgGAE.g-1) 59.82 68.55 
Antioxidant activity (IC50) 

(ppm) 
59.39 46.03 

The chosen formula and steeping time has 
lower total phenol and antioxidant activity than 
pure green tea (Table 5), but the organoleptic 
characteristics were suggested to be better due 
to the incorporation of cinnamon and lemon 
peel. The addition of these two ingredients had 
improved flavour, in this case, cinnamon and 
lemon, giving sweetness, warm and lemony 
characteristics of the tea. The balance of these 
characters had contributed to an increase in 
consumer acceptance. 

CONCLUSION 
The incorporation of cinnamon and lemon 

peel in different proportion, as well as steeping 
time, had a significant influence on physical, 
chemical and organoleptic properties of brewed 
green tea to some extent, such as the effect on 
lightness (L*), redness (a*), yellowness (b*), pH, 
total phenol, and antioxidant activity value of 
IC50. The interaction between the two factors or 
treatments is also affecting some of the 
parameters. The changes in brewed tea 
properties are suggested due to different 
compositions and interactions between 
components extracted during steeping. The 
formula of green tea: cinnamon: lemon peel at 
70:15:15 along with 3 minutes steeping time was 
the most preferred by consumers, but it was not 
chosen as the best formula or treatment. The 
best treatment was the ratio of green 
tea:cinnamon:lemon peel = 70:12:18, under 5 
minutes steeping time, that was chosen by 
considering not only consumer degree of liking 
but also other physicochemical parameters. The 
result had indicated the potential of the current 
formula as a functional product. However, 
further research will be required to justify the 
benefits and functionality of the product. 
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