
Korean Journal of Microbiology (2016) Vol. 52, No. 2, pp. 202-211 pISSN 0440-2413
DOI http://dx.doi.org/10.7845/kjm.2016.5049 eISSN 2383-9902
Copyright ⓒ 2016, The Microbiological Society of Korea

보  문

Changes in phytoestrogen contents and antioxidant activities during 

fermentation of soybean-powder milks prepared from different soybean 

cultivars by Lactobacillus plantarum P1201

Chung Eun Hwang
1
, Md. Azizul Haque

1
, Jin Hwan Lee

2
, Min Ju Ahn

1
, Hee Yul Lee

1
, Byong Won Lee

3
, Yu-Young Lee

3
, 

Choonwo Lee
3
, Byung Joo Kim

3
, Ji-Yong Park

3
, Eun-Yeong Sim

3
, Dong Hoon Lee

4
, Jong Min Ko

5
, Hyun Tae Kim

5
, and 

Kye Man Cho
1*

1
Department of Food Science, Gyeongnam National University of Science and Technology, Jinju 52725, Republic of Korea

2
Division of Research Development and Education, National Institute of Chemical Safety (NICS), Ministry of Environment, Daejeon

34111, Republic of Korea
3
Department of Central Area, Crop Science, National Institute of Crop Science (NICS), Rural Development Administration (RDA), 

Suwon 16429, Republic of Korea
4
Department of Anatomy and Convergence Medical Science, School of Medicine, Gyeongsang National University, Jinju 52727, 

Republic of Korea
5
Department of South Area, Crop Science, National Institute of Crop Science (NICS), Rural Development Administration (RDA), 

Miryang 50424, Republic of Korea

Lactobacillus plantarum P1201에 의한 콩 품종별 콩-분말 두유 발효 

과정에서의 식물성 에스트로젠 함량과 항산화 활성의 변화

황정은
1
 ･ 모하메드 아지줄 하크만

1
 ･ 이진환

2
 ･ 안민주

1
 ･ 이희율

1
 ･ 이병원

3
 ･ 이유영

3
 ･ 이춘우

3
 ･ 김병주

3
 ･ 박지영

3
 ･ 

심은영
3
 ･ 이동훈

4
 ･ 고종민

5
 ･ 김현태

5
 ･ 조계만

1*
1
경남과학기술대학교 식품과학부, 

2
환경부 화학물질안전원, 

3
농촌진흥청 중부작물부, 

4
경상대학교 해부학교실, 

5
농촌진흥청 남부작물부

(Received October 5, 2015; Revised June 21, 2016; Accepted June 21, 2016)

ABSTRACT: This study evaluated the changes of phytoestrogen contents and antioxidant activities of soybean-powder milk (SPM) 
prepared from yellow soybean during fermentation with Lactobacillus plantarum P1201. In consequence, the levels of total phenolic and 
isoflavone-aglycone contents, ABTS and DPPH radical-scavenging activities, and FRAP assay values increased, while isoflavone-glycoside 

contents decreased during fermentation. The highest levels of daidzein, glycitein, and genistein were present in the Daepung SPM at 
concentrations of 177.92, 20.64, and 106.14 µg/g, respectively after 60 h of fermentation. Moreover, Daepung SPM showed the highest 
DPPH radical-scavenging activity of 48.54%, an ABTS radical-scavenging activity of 99.25%, and a FRAP assay value of 0.84 at the end of 

fermentation. The fermented Daepung SPM possessed highest isoflavone aglycone contents and antioxidant activities, which can be 
utilized for the development of functional foods.
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Soybeans are consumed worldwide as an important protein 

source to complement grain protein, especially in Asian 

countries. They are enriched with isoflavones, anthocyanins, 

saponins, lipids, and oligosaccharides (Kim et al., 2011). 

Lactic fermentation reduced the stachyose and raffinose contents 

and transformed β-glucoside-, acetyl-, and malonyl-glycoside 

isoflavones in soymilk into aglycones, the bioactive form of the 
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isoflavones (Wang et al., 2003). In fact, isoflavone-conjugated 

glycosides are converted to aglycones under acidic or alkaline 

conditions or by the action of β-glycosidase. Interestingly, the 

aglycones became the predominant form of isoflavones in 

soymilk after fermentation (Chien et al., 2006). In addition, it 

has been found that fermentation enhanced the antioxidant and 

antimutagenic activity of soymilk (Wang et al., 2006; Lee et 

al., 2014). 

Probiotics are viable microorganisms that confer health 

benefits to the host once consumed in adequate amounts. 

Lactobacillus, which is a normal inhabitant of the human 

colon, has been associated with probiotic properties (Lye et al., 

2009). In previous study, we reported that Lactobacillus 

plantarum P1201 showed 58.14% and 62.22% survival rates 

after exposing 4 h at acid and gastric acid conditions (pH 2.5) 

(Hwang et al., 2014). In addition, the bioconversion of the 

isoflavone of Neulchan soybean milk and soybean powder 

milk by the potential probiotic L. plantarum P1201 resulted in 

the enhanced levels of total phenolic content and antioxidant 

activities during fermentation (Hwang et al., 2014).

Therefore, L. plantarum P1201 fermentation may serve as a 

useful tool to develop soybean powder milk as a probiotic 

dietary adjunct. Although several studies have been reported 

on the changes of phytoestrogen contents during fermentation 

with probiotics (Chien et al., 2006; Wang et al., 2006; Seo et 

al., 2013), there are very few reports on the biotransformation 

of phytoestrogen in soybean powder milk (SPM) from various 

soybean cultivars during fermentation with probiotic lactobacilli. 

Among the several varieties, the cultivation of yellow 

soybeans is much more prevalent in Korea; these are used to 

prepare the soybeanbased foods. In this study, the SPM of 

yellow soybean cultivars, namely, Saedanbaek, Daewon, Daepung, 

Neulchan, Taekwang, Sunyu, Whanggeum, and Daemang, were 

prepared and fermented with the potential probiotic Lactobacillus 

plantarum P1201. In addition, the content of the twelve 

isoflavones and other characteristics (pH, acidity, β-glucosidase 

activity, total phenolic content, and antioxidant activity) of the 

SPM during fermentation with L. plantarum P1201 were 

analyzed. The Daepung SPM possessed highest total phenolic 

contents, isoflavone aglycones and antioxidant activity at the 

end of fermentation compared with the SPM of the other 

soybean cultivars tested. 

Materials and Methods

Soybeans, microorganism, medium, and chemicals

The yellow soybean (YS) cultivars, Saedanbaek, Daewon, 

Daepung, Neulchan, Taekwang, Sunyu, Whanggeum, Daemang, 

were collected from the National Institute of Crop Science 

(Korea) in 2011. A potential probiotic Lactobacillus plantarum 

P1201 that was previously isolated from a fermented beverage 

of plant extract was used as the starter organism for the 

fermentation (Hwang et al., 2014). Twelve authentic isoflavones 

were purchased as previously described by Lee et al. (2013) 

Glacial acetic acid, Folin-Ciocalteu phenol reagent, 2,2-diphenyl- 

1-picrylhydrazyl (DPPH), 2,2-azinobis (3-ethyl-benzothiazoline- 

6-sulfonic acid) diammonium salt (ABTS), potassium persulfate, 

ferric chloride, sodium acetate, and 2,4,6-tripyridyl-s-triazine 

(TPTZ) were purchased from Sigma-Aldrich Chemical Co. 

HPLC-grade H2O, methanol, and acetonitrile were purchased 

from Fisher Scientific. All other reagents were of analytical 

grade.

Soy powder milk (SPM) preparation and fermentation  

Yellow soybeans from different cultivars were ground for 3 

min and passed through an 80 mesh sieve. A 10 g sample of 

soybean powder was mixed with 100 ml of a 2% (w/v) sucrose 

solution in different containers. This mixture, which we called 

soybean powder milk (SPM) was then sterilized in an autoclave 

at 121°C for 15 min. The SPMs were allowed to stand for 1 h at 

35 ± 2°C to cool down. The P1201 strain was grown in MRS 

broth at 30 ± 2°C for 48 h. Then, the SPMs were inoculated with 

5% (v/v) of the strain P1201 and fermented at 35 ± 1°C for 60 

h and sampling were carried out at 0, 12, 24, 36, 48, and 60 h. 

The fermented SPM samples were stored at -70°C until 

analysis.      

Estimation of pH, titratable acidity, and β-glucosidase 

activity  

The pH values of the fermented SPM samples were measured 

using a pH meter (MP 200), while titratable acidity was deter-

mined by titration with a 0.01 N NaOH solution and expressed 

as lactic acid (%) according to the methods previously described 

by Hwang et al. (2014) and Lee et al. (2013). The β-glucosidase 
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activity of L. plantarum P1201 during fermentation of SPM 

was determined by measuring the rate of hydrolysis of 

p-nitrophenyl β-D-glucopyranoside (pNPG) (Sigma Chemical 

Company) according to the method previously described by 

Hati et al. (2015) with some modifications. At first, the culture 

was activated at 5% (v/v) in the MRS media at 35°C for 24 h, 

thereafter was adapted by two successive transfers at 5% (v/v) 

into SPM and incubated at 35°C for 24 h. Finally, the culture 

was inoculated at 5% (v/v) into 100 ml of SPM and incubated 

at 35°C for 60 h. Then 500 μl of 5 mM pNPG (prepared in 100 

mM sodium phosphate buffer, pH 7) was added to 5 ml aliquots 

of each sample and incubated at 35°C for 30 min. The reaction 

was stopped by the addition of 250 μl of cold 200 mM sodium 

carbonate. The resulting mixture was centrifuged at 14,000 × g 

for 30 min and filtered through a 0.45-µm Millipore (Schleicher 

& Schuell, GmbH). The amount of p-nitrophenol released was 

measured using a Thermospectronic GENESYS 20 spectro-

photometer (Thermoscientific) at 410 nm. One unit of enzyme 

activity was defined as the amount of β-glucosidase that 

released 1 nmol p-nitrophenol from pNPG ml/min at 35°C 

under the assay conditions. 

Isoflavone extraction and analysis  

A one gram sample of the dry powder from each YS cultivar 

was separately mixed with 10 ml of 50% methanol, followed by 

shaking at 320 rpm at room temperature for 12 h. The super-

natants (MeOH extracts) were collected and filtered through a 

0.45-µm Millipore PVDF filter (Schleicher & Schuell, GmbH). 

For HPLC (Agilent Co.) analysis, 20 µl of the methanol extracts 

were separately injected into a C18 (4.6 × 150 mm, 5 µm, 

Merck) column with a column temperature setting of 30°C. The 

isoflavone fractions were eluted and analyzed according to the 

method previously described by Lee et al. (2013).
 
 

Total phenolic contents (TPCs)  

A 0.5-ml SPM extract was mixed with 0.5 ml of a 25% 

Na2CO3 solution and 0.25 ml of Folin-Ciocalteu reagent in the 

test tube and was kept at 30°C for 1 h. The absorbance of the 

mixtures was measured at 750 nm. Simultaneously, the standard 

curve of the TPCs was made using gallic acid solutions (0, 50, 

100, 250, and 500 mg/L). Finally, the gallic acid equivalent 

(GAE) was used to quantify the TPCs in the SPM sample 

extracts (Lee et al., 2013). 

Measurement of antioxidant activities  

The antioxidant activity of the SPM extracts was measured 

by ABTS and DPPH radical-scavenging activity and the FRAP 

(ferric reducing antioxidant power) assay according to the 

methods previously described by Hwang et al. (2014) and Lee 

et al. (2013). 

Results and Discussion

pH, titratable acidity, and β-glucosidase activity  

The changes of pH, acidity, and β-glucosidase activity in the 

SPM during fermentation with L. plantarum P1201 are shown 

in Table 1. As the result, decrease in pHs was observed during 

the first 12 h; thereafter, the pH values were moderately 

decreased from 12 to 48 h, then the pH values were kept 

relatively constant from 48 to 60 h of fermentation. In contrast, 

the titratable acidity in the SPMs was gradually increased up to 

48 h, but a minor change in titratable acidity was observed from 

48 to 60 h of fermentation. The viable cell numbers continuously 

increased during the fermentation of SPMs. Also, the β-glucosidase 

activity increased greatly until 48 h, thereafter they decreased 

until 60 h.

The amount of acid produced in the soymilk depends on the 

types of organism involved (Chun et al., 2008b). In a related 

study, L. plantarum have been reported to produce L-3-(4- 

hydroxyphenyl) lactic acid and L-indole-3-lactic acid (Suzuki 

et al., 2013). Thus L. plantarum P1201 generated the lactic acid 

during SPM fermentation, consequently reducing the pH in the 

SPMs. An appropriate acid concentration is one of the most 

important factors to ensure good quality in fermented yoghurt. 

As a matter of fact, commercial yoghurts were reported to have 

a pH range of 4.2 to 4.4 (Pinthong et al., 1980). It is important 

to note that the pH ranges found in the current study are 

consistent with the pH ranges found in the commercial yoghurt 

and with soy-yoghurt that was fermented with L. plantarum 

P1201 (Hwang et al., 2014). The L. plantarum P1201 used in 

this study exhibited different levels of β-glucosidase activity in 



Phytoestrogens in SPM ∙ 205

Korean Journal of Microbiology, Vol. 52, No. 2

Table 1. Change of pH, acidity, and β-glucosidase activity in soy powder milk from different yellow soybean cultivars during fermentation

Cultivars

Contents
a

Fermentation 

time (h)
pH

Acidity 

(%, as lactic acid)

Viable cell numbers 

(log CFU/ml)

β-Glucosidase activity 

(U/ml)

Saedanbaek

0 6.17±0.31 0.14±0.01 7.97±0.48 0.02±0.00

12 5.55±0.28 0.22±0.01 9.23±0.55 0.89±0.02

24 4.32±0.22 0.54±0.05 10.64±0.64 1.25±0.03

36 4.10±0.21 0.88±0.05 11.25±0.68 1.42±0.05

48 3.98±0.20 1.17±0.07 11.56±0.69 1.68±0.05

60 3.97±0.24 1.19±0.07 11.98±0.72 1.63±0.07

Daewon

0 6.17±0.31 0.14±0.01 8.06±0.48 0.03±0.00

12 5.38±0.27 0.23±0.01 9.34±0.56 0.81±0.02

24 4.48±0.22 0.47±0.03 10.35±0.62 1.32±0.03

36 4.00±0.20 1.08±0.06 10.75±0.65 1.46±0.05

48 3.97±0.24 1.17±0.07 11.25±0.68 1.65±0.05

60 3.97±0.20 1.17±0.07 11.85±0.71 1.60±0.07

Daepung

0 6.11±0.31 0.11±0.01 7.92±0.48 0.05±0.01

12 5.73±0.29 0.18±0.01 9.09±0.55 0.93±0.02

24 5.13±0.26 0.45±0.03 10.22±0.61 1.42±0.03

36 4.32±0.22 0.97±0.06 10.93±0.66 1.58±0.05

48 4.25±0.21 1.01±0.06 11.30±0.68 1.70±0.04

60 4.16±0.21 1.04±0.06 11.90±0.71 1.65±0.06

Neulchan

0 6.13±0.31 0.13±0.01 7.66±0.46 0.04±0.01

12 6.04±0.36 0.16±0.01 8.58±0.51 0.88±0.02

24 4.91±0.25 0.43±0.03 9.73±0.58 1.35±0.03

36 4.42±0.22 0.95±0.06 10.89±0.65 1.57±0.05

48 4.17±0.21 1.04±0.06 11.10±0.67 1.73±0.05

60 4.14±0.21 1.06±0.06 11.95±0.72 1.66±0.07

Taekwang

0 6.41±0.32 0.09±0.01 7.92±0.48 0.03±0.00

12 4.70±0.24 0.36±0.02 9.45±0.57 0.91±0.02

24 4.24±0.25 0.83±0.05 10.22±0.61 1.25±0.03

36 4.20±0.25 0.85±0.05 11.35±0.68 1.46±0.05

48 4.17±0.21 1.02±0.06 11.65±0.70 1.72±0.05

60 3.99±0.20 1.13±0.07 11.98±0.72 1.68±0.07

Sunyu

0 6.44±0.32 0.09±0.01 7.62±0.46 0.04±0.01

12 4.74±0.24 0.29±0.02 9.99±0.60 0.77±0.02

24 4.51±0.23 0.68±0.04 10.95±0.66 1.32±0.03

36 4.17±0.21 0.74±0.05 11.15±0.67 1.47±0.05

48 4.13±0.21 0.86±0.06 11.26±0.68 1.68±0.05

60 4.12±0.21 0.99±0.06 11.69±0.70 1.64±0.07

Whanggeum

0 6.44±0.32 0.09±0.01 7.58±0.45 0.02±0.00

12 4.92±0.25 0.29±0.02 9.87±0.59 0.81±0.02

24 4.64±0.23 0.68±0.04 10.36±0.62 1.28±0.03

36 4.42±0.22 0.74±0.04 11.48±0.69 1.46±0.05

48 4.24±0.21 0.86±0.05 11.55±0.69 1.67±0.05

60 4.24±0.21 0.99±0.06 11.58±0.69 1.65±0.04

Daemang

0 6.24±0.31 0.18±0.01 7.51±0.45 0.03±0.01

12 4.88±0.24 0.31±0.02 9.78±0.59 0.90±0.04

24 4.63±0.23 0.63±0.04 10.48±0.63 1.17±0.05

36 4.24±0.21 0.83±0.05 11.36±0.68 1.42±0.05

48 4.05±0.24 1.10±0.07 11.38±0.68 1.66±0.06

60 4.01±0.20 1.12±0.07 11.77±0.71 1.63±0.05
a

 All values are means of determinations in three independent experiments.
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Fig. 1. Change of total phenolic contents of soy powder milk prepared 

from yellow soybean cultivars during fermentation with L. plantarum

P1201. All values are means of determinations in three independent 

experiments.

SPMs during their growth under optimal conditions. The β

-glucosidase activity of L. plantarum P1201 rapidly increased 

during the first 12 h of SPMs fermentation, reaching to the 

range of 0.77 ± 0.02 to 0.93 U/ml
 
of SPM (Table 1). Then it 

increased gradually with longer fermentation time until 48 h, 

thereafter slightly decreased. A reasonable explanation for this 

can be that the lowered pH and/or phenolic compounds 

concentration might interfere with the β-glucosidase activity 

during SPMs fermentation. Previously, L. plantarum KFRI00144 

(Pyo et al., 2005) and L. paraplantarum KM (Chun et al., 

2008a) have been proven to produce β-glucosidase during 

soymilk fermentation, which is a good agreement with the 

current study. 

Changes of the TPCs during SPM fermentation  

The TPCs increased during the fermentation of eight SPMs 

(Fig. 1). Before fermentation the SPM of Daepung was noted to 

exhibit a TPC of 2.72 mg/g, but at 24, 48, and 60 h of 

fermentation, the TPC was increased to 2.82, 2.89, and 3.01 

mg/g, respectively. It is important to mention that the highest 

level of TPC was obtained in the SPM of the Daepung soybean 

at the end of fermentation compared to the other soybeans 

tested. This result indicates that genetics may be an important 

factor, as all eight soybean cultivars consistently showed 

remarkable differences in TPC throughout the testing period. 

It was reported that the TPCs could be attributed to the 

enrichment of compounds with stronger electrondonating ability, 

including intrinsic antioxidants and reducing powers by lactic 

acid bacteria fermentation and isoflavone aglycones (Zhao and 

Shah, 2014). Therefore, catalyzing the release of the TPCs 

from the SPM during fermentation may lead to an increase in 

the content of those compounds, as shown in Fig. 1. Hwang et 

al. (2014) previously reported that the TPCs were increased in 

the SPM of Neulchan during fermentation with L. plantarum 

P1201. The above results suggested that L. plantarum P1201 is 

a strong potential probiotic for the biotransformation of SPM 

biopolymers into beneficial phenolics. 

Changes of the isoflavone profile during SPM fer-

mentation  

The isoflavone-glycosides (β- and malonyl of daidzin and 

genistin) were decreased slowly, which was accompanied by 

the accumulation of aglycones (daidzein and genistein) during 

the fermentation of SPM by L. plantarum P1201 (Fig. 2 and 

Table 2). In the SPM of Saedanbaek and Daemang, the 

isoflavone aglycones contents increased gradually at 48 h of 

fermentation, but slightly decreased at 60 h (Fig. 2A and H). On 

the other hand, the isoflavone-aglycone contents of the other 

six SPMs increased linearly up to 60 h of fermentation (Fig. 2). 

In particular, the isoflavone-aglycone contents in the SPM of 

Daepung increased about to approximately 2.4 fold of their 

initial amounts (0 h, 7.88%), but the isoflavone-glycoside 

contents decreased from 74.61% to 68.30% at 60 h of fermen-

tation (Fig. 2C). In this study, the total isoflavones were the 

sum of the concentrations of all of the detected total aglycones, 

β-glycosides, acetylglycosides, and malonylglycosides. Prior 

to fermentation, the total isoflavones in the SPM were the 

highest in Daepung at 1,806.03 μg/g, followed by Neulchan 

(1,161.37 μg/g), Daewon (1,003.32 μg/g), Sunyu (894.00 μg/g), 

Taekwang (731.93 μg/g), Saedanbaek (625.86 μg/g), Daemang 

(612.36 μg/g), and Whanggeum (503.56 μg/g). In particular, the 

isoflavone-glycosides, such as daidzin, and genistin, decreased 

from 401.0 to 234.55, and 619.55 to 533.78 μg/g,
 
while 

isoflavone-aglycones (daidzein and genistein) increased from 

53.05 to 177.92 and 44.85 to 106.14 μg/g in the Daepung SPM 

at 60 h of fermentation, respectively (Table 2). The level of the 

glycitein was slightly decreased during fermentation. It is 

important to note that a similar pattern of changes in the 

isoflavone profile was observed in the SPM of the other seven 

soybean cultivars tested throughout the fermentation process. 

The decreased level of glycitein was observed during the 
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Fig. 2. Changes of different types of isoflavones in soy powder milk made from different yellow soybean cultivars during fermentation with L. plantarum

P1201. (A) SPM of Saedanbaek, (B) SPM of Daewon, (C) SPM of Daepung, (D) SPM of Neulchan, (E) SPM of Taekwang, (F) SPM of Sunyu, (G) SPM of 

Whanggeum, and (H) SPM of Daemang.

fermentation of soymilk with L. plantarum P1201 (Hwang et 

al., 2014). Moreover, a minor change in the malonylglycosides 

and acetylglycosides as observed throughout the fermentation. 

In this study, the total isoflavone content decreased by 

fermentation processing in the SPM of the all eight yellow 

soybean cultivars (Table 2). It was reported that the isoflavone 
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(A)

(B)

(C)

Fig. 3. Change of antioxidant activities of soy powder milk from yellow 

soybean cultivars during fermentation with L. plantarum P1201. (A) 

DPPH radical-scavenging activity, (B) ABTS radical-scavenging activity, 

(C) FRAP assay.

evels in soybean-containing foods, such as fermented soymilk 

decreased depending on the processing conditions (Hati et al., 

2015). Pham and Shah (2007) reported that the total isoflavone- 

glycoside content in soymilk supplemented with skim powder 

decreased by approximately 27% from an initial 148.81 mg/100 g 

to 40.44 mg/100 g after 24 h of fermentation by Bifidobacterium 

animalis. In fact, most isoflavones in soybean are present in the 

glycoside form, and they are converted into aglycones during 

fermentation by microbial β-glycosidase activity (Marazza et 

al., 2009; Chen et al., 2010). Several studies have showed that 

lactic acid bacteria with β-glucosidase activity are able to 

increase the aglycone content during soymilk fermentation 

(Otieno et al., 2006; Donkor and Shah, 2008). Therefore, β- 

glycosidases of L. plantarum P1201 might be involved in 

enhancing the bioconversion of isoflavone glycosides into 

aglycone content in SPMs during fermentation. In this study, 

the bioconversion of daidzin and genistin in SPMs were ranged 

between 41.5% to 70.3% and 13.85% to 48.45%, at 60 h of 

fermentation. Previously, the bioconversion rates of daidzin 

and genistin in soymilk from Neulchan soybean cultivar with 

L. plantarum P1201 were 52.5% and 40.43%, respectively, but 

these were 23.3% and 13.6% in case of SPM (Hwang et al., 

2014). The bioconversion of daidzin and genistin in soymilk 

with L. plantarum TWK10 were found to be 99.61% and 

99.8% (Cheng et al., 2013). The basic difference between SPM 

and soymilk composition is that the SPM contains soybean 

powder (fibrous solid) that might retain more polyphenolic 

compounds compared to the soymilk. As the results, β-glucosidase 

action might be interfered with those polyphenolic compounds 

that caused lower bioconversion of β-glycosides during SPM 

fermentation. The hydrolyzing capacity of β-glucosidase for 

isoflavone glucosides could be different depending on the 

sources of microorganisms, growth medium, substrate specificity, 

and presence of isozymes (Pyo et al., 2005; Wang et al., 2006). 

Thus, the bioconversion rate of β-glycosides to aglycone in 

SPMs should be varied according to the substrate/soybean 

cultivar variation.

Change of antioxidant activities during SPM fermen-

tation

The antioxidant activity of the fermented SPM extracts was 

analyzed according to the DPPH and ABTS radical-scavenging 

activity and the FRAP assay (Fig. 3). The DPPH radical- 

scavenging activity in the SPM of all cultivars tested in this 

study increased linearly throughout the period of fermentation: 

Saedanbaek, from 28.03% to 35.21%; Daewon, from 30.76% 

to 41.14%; Daepung, from 41.41% to 48.54%; Neulchan, from 

34.75% to 45.13%; Taekwang, from 26.76% to 38.16%; 

Sunyu, from 27.56% to 37.95%; Whanggeum, from 26.36% to 

36.55%; Daemang from 23.71% to 41.09%, respectively, as 

shown in Fig. 3A. In particular, the DPPH radical-scavenging 

activities in the SPM of Saedanbaek, Daewon, Daepung, 

Neulchan, Taekwang, Sunyu, Whanggeum, and Daemang increased 

from 28.03% to 35.21%, 30.76% to 41.14%, 41.41% to 

48.54%, 34.75% to 45.13%, 26.76% to 38.16%, 27.56% to 

37.95%, 26.36% to 36.55%, and 23.71% to 41.09% at the end 
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of the fermentation, respectively (Fig. 3A). This result suggested 

that the hydrogen-donating activities were increased in SPM 

after fermentation. It is important to note that the SPM of the 

Daepung cultivars showed the highest DPPH radical-scavenging 

activity of all of the cultivars tested. 

The levels of the ABTS radical-scavenging activity in all of 

the SPMs also increased to 75.93% (Saedanbaek), 77.93% 

(Daewon), 99.25% (Daepung), 95.50% (Neulchan), 75.69% 

(Taekwang), 91.00% (Sunyu), 80.87% (Whanggeum), and 

84.75% (Daemang) at 60 h of fermentation (Fig. 3B). Like the 

DPPH radical-scavenging activity, the SPM of the Daepung 

cultivar has shown the highest ABTS radical-scavenging 

activity of any of the SPMs examined. In addition, the FRAP 

assay values were maximally obtained in the SPMs as 0.71 

(Saedanbaek), 0.73 (Daewon), 0.84 (Daepung), 0.77 (Neulchan), 

0.74 (Taekwang), 0.76 (Sunyu), 0.69 (Whanggeum), and 0.73 

(Daemang) at 60 h fermentation (Fig. 3C). In addition, the 

FRAP assay value in the SPM of the Daepung cultivar was 

greater than those of the other soybean cultivars examined. 

Co-cultivation of the mould with L. plantarum DSM 20174 

resulted in a significant enhancement in the antiradical activity 

such as ABTS
·+

 and DPPH
·-

 -scavenging activity of tempeh. 

Both scavenging activities were correlated with the level of 

soluble phenols obtained in corresponding extracts (Starzynska- 

Janiszewska et al., 2014). Previously, some studies on isoflavones 

have reported that they had a low scavenging potential for 

DPPH radicals, with only half those of α-tocopherol and 

epicatechin (Chien et al., 2006). However, several studies 

revealed that phenolic compounds were responsible for the 

antioxidant activities of soybean seed, soy paste and soy curd 

(Chung et al., 2011; Youn and Chung, 2012). Juan and Chou 

(2010) reported that the combined isoflavone and phenolic 

content accounted for nearly all of the in vitro antioxidant 

activity of black soybean extract. Therefore, it is expected that 

the high antioxidant activity of the fermented SPM from yellow 

soybean cultivars might be related to the markedly higher total 

phenolic and isoflavone aglycone content achieved during 

fermentation. An intake of antioxidants as supplements or 

foods may help prevent the human body from cellular damage 

or diseases mediated by free radicals (Suzuki et al., 2013). 

Thus, the SPMs from yellow soybeans enriched with antioxidants 

can be considered as a probiotic dietary adjunct.

In all of the soybean cultivars, the total phenolic and 

isoflavone-aglycone contents were markedly increased, while 

the isoflavone-glycosides were decreased during the SPM 

fermentation. Importantly, at 60 h of fermentation, the total 

phenolic content, total isoflavone content, and antioxidant 

activities were higher in the SPM of Daepung than those of the 

other soybean cultivars examined. It is supposed that this might 

be related to the higher total phenolic and isoflavone-aglycone 

contents achieved during fermentation. Of considerable impor-

tance is the fact that the SPM of Daepung soybean displayed 

the highest levels of daidzein and genistein after 60 h of 

fermentation. The SPMs extract from yellow soybean cultivars 

could be used as a potential source of natural antioxidants in 

foods.

적   요

본 연구는 노란콩 8품종(새단백, 대원, 대풍, 늘찬, 태광, 선

유, 황금, 및 대망)에 대해 Lactobacillus plantarum P1201 균주

를 이용하여 콩-분말 두유 발효 중 식물성 에스트로겐 및 항산

화 활성 변화를 측정하였다. 그 결과, 발효가 진행되는 동안 

isoflavone-glycoside는 감소하였고, total phenolic 및 isoflavone- 

aglycone 함량과 DPPH와 ABTS 라디칼 소거활성 및 FRAP 환

원력은 증가하였다. 특히 대풍콩-분말 두유는 발효 60시간 후 

daidzein, glycitein, 및 genistein 함량이 각각 177.92, 20.64, 및 

106.14 µg/g으로 다른 콩 품종들보다 가장 높은 것으로 나타났

으며 또한 대풍콩-분말 두유는 발효 후 DPPH 라디칼 소거활

성은 48.54%, ABTS 라디칼 소거활성은 99.25% 및 FRAP 환

원력은 0.84로 가장 높게 나타났다. 따라서 대풍콩-분말 두유

는 aglycone 함량이 높고 우수한 항산화 활성을 나타내므로 기

능성 식품 개발에 이용될 수 있을 것으로 기대된다.
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