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Abstract 

Anthocyanins are well known have potential as a prebiotic source as they could increase the growth of probiotic bacteria 
and inhibit the growth of pathogenic bacteria. This study was conducted to obtain the prebiotic activity from Indonesian 
black soybean anthocyanin. Black soybean anthocyanin was extracted with 80% methanol + 1 M HCl solution under 
room temperature using a water bath shaker. In vitro prebiotic activity assay of anthocyanin extract was done using the 
spread plate technique to measure the growth of probiotic and pathogenic bacteria.  Lactobacillus acidophilus was used 
as the probiotic bacteria, while Escherichia coli and Salmonella typhi were used as the pathogenic bacteria. The whole 
soybean flour and extract residue were used to compare with the prebiotic activity of the extract. The total monomeric 
anthocyanin content of the extract was 0.33 mg/g. The highest prebiotic activity was obtained from anthocyanin extract, 
followed by the whole black soybean flour and anthocyanin extract residue, respectively. The prebiotic activity of the 
extract was higher compare with prebiotic activity standard (>0.25). It could be concluded that Indonesian black 
soybean anthocyanin can be used as the source of prebiotic food.  
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1. Introduction

Nowadays, the productive age people tend to pay more concern to the nutritional content contained in their food. Based 
on the results of a survey from Nielsen’s Global Health 2016, as many as 80% of respondents from Indonesia were more 
aware in the consumption of healthy food to prevent various diseases. The emergence of various degenerative diseases 
due to unhealthy lifestyles such as obesity, diabetes, and cardiovascular disease is one-factor driving people to start 
prioritizing their health and well-being to survive in this modern life. Various kinds of food contain functional 
compounds, such as vegetables, fruits, and foods containing prebiotics [1]. 

Prebiotic is a useful component to stimulate the growth and activity of beneficial bacteria in the human digestive system, 
especially in the large intestine, to maintain a healthy body. Prebiotic can be found in various source such as bananas, 
chicory root, Jerusalem artichoke, red onion, garlic, asparagus, barley, and nuts [2]. Black soybean is one of the foods 
which has high prebiotic potential due to the content of oligosaccharides, namely raffinose and stachyose [3]. 

Anthocyanins are the pigment that has benefits as an antioxidant [3]. Fotschki et al. [4] have reported that the content 
of oligosaccharides and anthocyanins in strawberries can increase the growth of probiotic bacteria in the digestive 
system of the rat. Black soybean also contains anthocyanins, and they accumulate in the outer skin layer of the epidermis 
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[5] [6]. Research about the potential of prebiotic from anthocyanin of Indonesian black soybean is very limited. 
Therefore, the purpose of this study was to obtain the prebiotic activity of anthocyanin from Indonesian black soybean. 

2. Material and methods 

2.1. Materials 

The materials used in this research were black soybean from Yogyakarta, Indonesia; methanol; HCl; pH 1.0 and 4.5 

buffer solutions; Lactobacillus acidophilus ATCC® 314; Escherichia coli ATCC® 25922; Salmonella typhi from Atma Jaya 
Catholic University of Indonesia culture collection; physiological salt (0.85%); de Man, Rogosa, Sharpe Agar (MRSA) 
media; de Man, Rogosa, Sharpe Broth (MRSB) media; Nutrient Agar (NA) media; and Nutrient Broth (NB) media from 
Oxoid (UK). All chemicals were analytical grade obtained from Merck (Germany). 

2.2. Methods 

2.2.1. Sample preparation 

Black soybean was ground into flour and sieved using a 53 µ sieve, then stored at room temperature in an airtight plastic 
bag in dark condition before further assays. 

2.2.2. Anthocyanin extraction and analysis of total monomeric anthocyanin content 

Anthocyanin extraction was carried out following Shao et al. [7] with slight modifications. A total of 1 g of black soybean 
flour was extracted with 10 mL of 80% methanol solution containing 0.01 mL of 1M HCl using a water bath shaker 
(Thermo Fisher, USA) for an hour at room temperature. Then, it was centrifuged (Eppendorf 5430, Germany) at 4500 
rpm for 10 minutes at room temperature. The supernatant of the extract was separated from the residue then the 
solvents in extract and residue were evaporated using a rotary evaporator (Buchi R-300, Germany) at 37℃.  

The total monomeric anthocyanin content was analyzed used a differential pH method followed Oliveira et al. [8] with 
slight modifications. A total of 0.1 mL of sample was mixed with 6.4 mL of pH 1 and pH 4.5 buffer solutions. The 
absorbance of the sample was measured at the wavelength of 514 nm and 700 nm using a UV-Vis spectrophotometer 
(Shimadzu, Japan). The calculation of total monomeric anthocyanin content (as mg cyanidin-3-glucoside equivalent per 
g dried weight) was done using the following formula: 

A = [(A514 nm – A700 nm) pH 1] – [(A514 nm – A700 nm) pH 4.5] 

Total monomeric anthocyanin content=
A

(ε x L)
x MW x DF 

    A            = the measured absorbance value 
  MW        = molecular weight of cyanidin-3-glucoside (449.2 g/mol) 
  DF          = dilution factor 
   ε             = Molar absorbtivity of cyanidin-3-glucoside (26.900 L/(cm.mol) 
   L            = cuvette width (1 cm) 
 
Prebiotic activity assay 

The prebiotic activity was analyzed based on Huebner et al. [9] with slight modifications. L. acidophilus was streaked on 
MRSA then incubated at 37°C for 48 hours under anaerobic conditions in an anaerobic jar. For enteric bacteria, E. coli 
and S. typhi were streaked onto NA then incubated at 37°C for 24 hours. L. acidophilus which was grown on MRSA was 
transferred into 10 mL of MRSB and incubated at 37°C for 48 hours. While E. coli and S. typhi from NA were cultivated 
into 10 mL of NB and incubated at 37°C for 24 hours. Furthermore, 100 µL of each enteric bacteria culture (E. coli and 
S. typhi) from NB were each transferred into 10 mL of 0.85% of NaCl physiological solution then incubated at 37°C for 
24 hours. 

For the treatment of anthocyanin extract, 0.5 mL of anthocyanin extract was added with 1 mL of media (MRSB for L. 
acidophilus and 0.85% of NaCl physiological solution for E. coli and S. typhi) and 20 µL of bacterial culture. The sample 
was then resuspended and diluted until reached concentration of 10-2 and 10-3. A total of 100 µL of each dilution was 
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spread onto MRSA for L. acidophilus and NA for E. coli and S. typhi then incubated for 48 hours (L. acidophilus) and 24 
hours (E. coli and S. typhi) at 37 ℃. 

For the treatment of anthocyanin extract residue, 0.5 g of residues was added with 1 mL of media (MRSB for L. 
acidophilus and 0,85% physiological salt for E. coli and S. typhi) and 20 µL of bacterial culture. The sample was then 
resuspended and diluted until reached concentration of 10-2 and 10-3. A total of 100 µL of each dilution was spread onto 
MRSA for L. acidophilus and NA for E. coli and S. typhi, then incubated for 48 hours (L. acidophilus) and 24 hours (E. coli 
and S. typhi) at 37 ℃. 

For the treatment of whole black soybean flour, 5 g of flour was added with 10 mL of media (MRSB for L. acidophilus 
and 0,85% physiological salt for E. coli and S. typhi) and 200 µL of bacterial culture. The sample was then resuspended 
and diluted until reach concentration of 10-2 and 10-3. A total of 100 µL of each dilution was spread onto MRSA for L. 
acidophilus and NA for E. coli and S. typhi, then incubated for 48 hours (L. acidophilus) and 24 hours (E. coli and S. typhi) 
at 37 ℃. 

The prebiotic activity was calculated using the equation below. 

𝑝𝑟𝑒𝑏𝑖𝑜𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
Probiotic log

cfu
ml

 on prebiotic 48 h- Probiotic log
cfu
ml

 on prebiotic 0 h

Probiotic log
cfu
ml

 on control 48 h- Probiotic log
cfu
ml

 on control 0 h
 

𝑝𝑟𝑒𝑏𝑖𝑜𝑡𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
Enteric log

cfu
ml

 on prebiotic 48 h- Probiotic log
cfu
ml

 on prebiotic 0 h

Enteric log
cfu
ml

 on control 48 h- Enteric log
cfu
ml

 on control 0 h
 

2.2.3. Statistical analysis 

Data were statistically analyzed by IBM SPSS 22 using One-way ANOVA followed by Tukey’s test at p< 0.05.  

3. Results and discussion 

3.1. Total monomeric anthocyanin content of Indonesian black soybean 

Based on the analysis, the total monomeric anthocyanin content obtained from Indonesian black soybean was 0.33 
mg/g. Akond et al. [10] found that total anthocyanins content in black soybean was 0.14 mg/g, this result showed higher 
compared with our study. A different result was also found from Žilić et al. [11] which were reported that total 
anthocyanins content in black soybean was 0.31 mg/g of, and this study showed lower compared with our study. The 
difference values between those value might happen due to the different planting environments of black soybean seeds, 
variety, sample preparation, as well as different extraction processes. On the other hand, other factors such as light, 
temperature, and plant management could also contribute the difference in anthocyanin content [12]. 

3.2. Prebiotic activity 

Based on Table 1 the highest value of prebiotic activity was obtained from anthocyanin extract, followed by whole black 
soybean flour and the anthocyanin extract residue, respectively. This result was in line with Zhang et al. [13], which 
stated that anthocyanin could increase the growth of probiotic bacteria L. acidophilus. Anthocyanin could stimulate the 
production of digestive enzyme, namely β-glucosidase, in probiotic bacteria. The 3-glycoside bond in the anthocyanin 
will undergo a process of de-glycosylation by the enzyme, resulting in the breakdown of the heterocyclic ring and 
termination of the 3-glycoside bond, which will produce simple sugar or glucose. In this case, glucose molecules act as 
sources of energy and nutrients for the growth of probiotic bacteria [14]. Anthocyanin that undergoes a de-glycosylation 
process could also produce phenolic acids or organic acids, which have the same function to increase the activity of 
probiotic bacteria and have functioned as antioxidants that have many positive effects in maintaining body’s health [13]. 
According to Fotschki et al. [4], anthocyanins found in strawberries could have a beneficial effect on the growth of 
probiotic bacteria. These probiotic bacteria could metabolize anthocyanins in human intestine and increase the 
production of short-chain fatty acids. These molecules were considered have good impact for large intestine due to the 
growth stimulation of probiotic bacteria as well as showed antimicrobial activity against enteropathogenic bacteria. Sun 
et al. [15] reported that anthocyanins from purple sweet potato could decrease the environmental pH so that they could 
increase the growth of probiotic bacteria. Research on anthocyanins from black soybean as prebiotics is still limited, 
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therefore study on a specific mechanism of how anthocyanins from black soybean could stimulate the growth of 
probiotic bacteria and at the same time inhibit pathogenic bacteria are required for further research.  

Table 1 The prebiotic activity of anthocyanin from Indonesian black soybean  

Sample 
Prebiotic Activity 

L. acidophilus to E. coli L. acidophilus to S. typhi 

Anthocyanin extract 1.05 ± 0.03a 1.05 ± 0.03a 

Whole black soybean flour 0.44 ± 0.04b 0.34 ± 0.03b 

Anthocyanin extract residue 0.24 ± 0.04c 0.29 ± 0.02b 

Data are shown as mean ± standard deviation (n=2). The different letter on the same column showed significant difference (p<0.05). 

Anthocyanins derived from cranberry, bilberry, and blueberry fruit could inhibit the growth of E. coli and S.  typhi due 
to structural changes, morphological damage, destruction of cell wall structures, membranes, and intracellular matrix 
of pathogenic bacteria. Anthocyanin could also cause cell deformation and inhibit enzyme activity by carrying out 
oxidation reactions in the sulfhydryl group or non-specific interactions with protein components, it causes the 
inactivation and function loses of the enzymes produced by pathogenic bacteria for their survival. Antimicrobial 
activities carried out by anthocyanins can occur due to various mechanisms and synergistic effects of various 
phytochemical components in anthocyanins, such as organic acids and phenolic acids [16] [17]. 

Black soybean flour performed lower prebiotic activity compared with anthocyanins extract, it might happen due to 
other components mixed together with anthocyanin in the flour including sugar, carbohydrates, and proteins. On the 
other hand, other compound in this mixture might disrupt the stability of anthocyanin and finally decrease its prebiotic 
activity. The anthocyanin extract residue showed the lowest prebiotic activity compared with others. Anthocyanin 
content in the residue extract was the lowest, since its only contained residue from extraction process. The lower the 
anthocyanin content of a sample, the lower its ability as a prebiotic. As a result, stimulation of microbiota growth 
becomes less effective [3] [18].  

All three variations of the samples used in this study have the potential as good prebiotic sources. Vrese and Marteau 
[19] have reported that a food ingredient can be expressed as a good prebiotic source if the prebiotic activity against 
pathogenic bacteria value was above 0.25. The value of prebiotic activity obtained in this study was different. It might 
happen due to the mechanism of induction of the growth of bacteria by prebiotics which is different and specific to each 
bacterial species. These factors also affect the value of prebiotic activity because bacteria have a different metabolic 
capacity. The use of anthocyanin as a prebiotic from bacteria also depends on the hydrolysis reaction and the transport 
system carried out by bacteria [20]. 

4. Conclusion 

Anthocyanin extract from Indonesian black soybean performed the highest value of prebiotic activity followed by whole 
black soybean and residues from anthocyanin extract. From this study, anthocyanins are potential to be used as a 
prebiotic source as due to their role in stimulating growth of probiotic bacteria as well as inhibiting pathogenic bacteria. 
Indonesian black soybean has the potential as a prebiotic source because of its high anthocyanin content. However, 
further research is still required to explore the prebiotic activity using in vivo tests to reveal its efficacy in human health.  
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