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ABSTRACT

Isoflavone aglycone content increases after fermentation in soy pulp which is known for
prevention of postmenopausal disease. The purpose of this study was to establish optimum
fermentation conditions and suitable culture for mass production of aglycone using black soybean
pulp, a by-product of soybean processing. Black soybean pulp was fermented up to 48 h using
Lactobacillus acidophilus (LA) and Bacillus subtilis (BS) culture. Samples were collected every
12 h to measure 1soflavones (daidzin and genistin and daidzein and genistein) using High-
performance Liquid Chromatography (HFLC) and B-glucosidase activity using spectrophotometry.
Isoflavone aglycone content was verified by Liquid Chromatography-tandem Mass Spectrometry
(LC-MSB/MS) analysis. Genistein concentrations in black soybean pulp after 12 and 24 h of
fermentation with L. acidophilus were 6.8 and 7.2 fold, respectively, compared to controls.
Genistein concentrations in black soybean pulp after 12 and 24 h of fermentation with B. subtilis
were 6.8 and 6.9 fold greater than controls. P-glucosidase activity was highest in the black
soybean pulp fermented for 12 h with L. acidophilus. Black soybean pulp fermented for
12 h with L. acidophilus was most efficient to produce isoflavene aglycone.,

Key words: Black soybean pulp, 1soflavone aglycone, fermentation, Lactobacillus acidophilus,
Bacillus subtilis

INTRODUCTION

Phenolic compounds from soybeans known as isoflavones exist in glycoside or aglycone (without
the glycoside part) forms (Ogbuewu ef al., 2010). Daidzin and genistin are the two major
isoflavones found in non-fermented soybean products and daidzein and genistein are two major
soybean isoflavones aglycone produced by bacterial fermentation (Chukeatirote ef al, 2010).
During fermentation microbial enzymes break the carbohydrate bond and increases isoflavone
aglycone content (Wang and Murphy, 1996; Choi and Sohn, 1998; Hong ef al., 2009). While
all 1soflavones are absorbed into the mucosa of the small intestine, the aglycone form is absorbed
at a greater rate and also has higher antioxidant activity than the glycoside form (Izumi et al.,
2000; Setchell ef al., 2001; Chen et al., 2002; Amadou et al., 2009). Lipolytic effects of genistein and
daidzein in adipocytes derived from normal diet-fed rats and high fat diet-fed rats has been
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reported (Pulbutr and Rattanakiat, 2010). Therefore, it 1s more effective to partake food containing
Isoflavone in the aglycone form than the glycoside form for disease prevention (Izumi et al.,
2000; Setchell et al., 2001). The isoflavone phytoestrogen has a structure and bioclogical actions
similar to that of the female hormone 17 B-estradiol (Ogbuewu et al., 2010).

Soflavenes are known for having anticancer activity and an effect on cell eyele and growth
control (Katadare et al., 2002; Kim et al., 2002; Gourineni et al., 2010). They have also been
associated with the prevention or treatment of hypertension and cardiovascular diseases and
hormone associated disorders, in particular postmenopausal syndrome, osteoporosis, breast cancer
and colorectal cancer (Moon et al., 1998; Chol and Sohn, 1997, 1998; Cassidy, 1996; Kim ef al.,
2000; Lee et al., 2002; Cho ef «l., 2006). Among the sovbean types, black soybeans
{Glycine max L. Merr.) are known for their high isoflavene concentration and physiologic activity
(Kim et al., 1992; Shon et al., 2000; Ryu and Moon, 2003). Black soybeans have long been highly
regarded as folk remedies for their pharmacological effects. In addition, bean pods are known to
have a great deal of isoflavone or anthocyanin (Adlercreutz et al., 1994). Along with increasing life
expectancy, people who use these remedies are found to be very healthy.

Soy  pulp is generated as a by-product during the preduction of tofu or soymilk.
Approximately 1.1 kg of fresh soybean pulp 1s produced from every kg of soybeans processed for
soymilk (Khare et al., 1995). Soy pulp is sometimes used as animal food but mostly it is burnt as
waste (Ohno ef al., 1993; Kwon et al., 1998; Otoole, 1999). The anti ostecporosis effect of isoflavone
aglycone of fermented soy pulp has been reported (Hong et al., 2009). Effect of temperature and
processing methods on biochemical changes induced by Baecillus subtilis during fermentation of
soybean into condiment (Sov-daddawa) has been reported (Omafuvbe et al, 2007,
Omafuvbe, 2008). The demand for functional health foods 1s increasing very fast both in the
internal and external market. The importance of isoflavones in particular has increased because
of its preventive effect on the diseases associated with hormone deficiency in postmenopausal
women (Hanachi and Golkho, 2008; Radhakrishnan et al., 2009). The low yield of the isoflavene
compared to the price has caused distribution difficulties (Kim et al., 2008). To address this issue,
we designed this study to find the optimum condition for fermentation of black soybean pulp using
Lactobactllus actdophilus or Bacillus subtilis with the aim of producing isoflavone aglycone in
more quantity.

MATERIALS AND METHODS
This work was done during September, 2009 to February, 2011,

Materials and reagents: In this study, black soybean (Kaorean cultivar; Seoritae) was purchased
at alocal market in Hwayang-dong, Seoul, Korea. Daidzin, genistin, daidzein and genistein were
purchased from Sigma-Aldrich (Korea) and HPLC grade ethanol, methanol and acetonitrile were
purchased from J.T. Baker Co. (Phillipsburg, NJ, USA).

Black soybean pulp production: Black soybeans were soaked in water in 3:1 ratio over 8 h.
Black soybean pulp was obtained after grinding and removing the milk with muslin cloth and

freeze-dried.

Fermentation of soy pulp: Pure cultures of Lactobacillus acidophilus (ATCCA4356) and Bactllus
subtilis (KCCM12511) were obtained from Korean Collection for Type Culture {(Dagjeon, Korea).
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L. acidophilus (LLA) was activated in de Mann Rogosa Sharpe (MRS) broth (Oxmd LTD,,
Basingstoke, Hampshire, England) at 37°C aerobically over 24 h (De Man ef al., 1960), then
activated cultures were incculated into MRS broth at 37°C for 48 h. B. subtilis (BS) was activated
in Nutrient Broth (Difeo™, TUSA) at 30°C aercbically over 24 h. For fermentation, pre-activated
culture was inoculated into 1000 mL flasks with black soybean pulp (5%, v/v) and incubated at
37°C in case of L. acidophilus and at 30°C in case of B. subtilis for 48 h. Samples were collected
every 12 h and stored at -80°C after freeze-drying.

Proximate analysis: Moisture, crude protein, crude fat, ash and crude fiber were estimated 1n
the fermented and non-fermented black soybean pulp. Carbohydrate content was calculated by
deducting the sum total of moisture, crude protein, crude fat, ash and crude fiber content from 100,

Sample preparation for analysis of isoflavone: The extraction of isoflavone including daidzin,
genistin, daidzein and genistein from fermented and non-fermented black soybean pulp for HPLC
analysis was performed using a modified method described by Chung ef af. (2008) and Lee ef al.
(2008). A 0.5 g freeze-dried sample in 50 mL of 80% ethancl was extracted using a Branson
3210 Sonicator (Branson Ultrasonics Co., CT, USA) for 60 min. Supernatant was collected after
centrifugation (3000xg) for 20 min and repeat filtered through Whatman filter paper No. 1 inte a
50 mL tube. The filtrate was concentrated using rotary vacuum evaporator (KEYELA Co., USA) and
resuspended in 5 mL of 80% methanol. Sample liquids were filtered with syringe filters (0.2 um,
Whatman Co., England) for HPLC analysis.

HPLC analysis of isoflavone: HPLC analysis was done in an Agilent 1100 Series HPLC system
equipped with an autosampler, diode array and multiple wavelength detectors with ChemStation
software., HPLC separation was performed on a Bondapak™CY¥ column (300x3.9 mm).
Experimental conditions for HPLC were followed as per the modified method of Chung ef al. (2008)
and GolKhoo et al. (2008). Mobile phases were 0.1% acetic acid in water (A) and 0.1% acetic acid
in acetonitrile (B) in gradient. Linear gradient profile was from 15 to 35% B in 50 min. The flow
rate was 1.0 mL min~!. The wavelength of UV detection was 254 nm. The four isoflavone standard
solution of daidzin, genistin, daidzein and genistein were prepared in 80% methanol at 0.1 mg mL™
concentration for peak 1dentification. All 1soflavene concentrations were calculated back to dry
weight basis (mg isoflavone 100 g~ black soybean pulp).

Determination of p-glucosidase activity: - glucosidase activity was determined according to
the method described by Matsuura et al. (1995) using p-nitropheno-p-D-glucopyranoside (p-NPG)
as the synthetic substrate. A volume of 1.5 mL of 0.05 M citrate buffer (pH 4.5) containing 0.1 M
NaCl was added to 100 mg samples and allowed to settle for 1 h at rcom temperature to extract
B-glucosidase. Samples were then centrifuged (8000xg) for 30 min and supernatant collected to
measure enzyme activity, A 2 mL volume of 0.1 M phosphate-citrate buffer (pH 5.0) containing
1 mM p-NPG was placed in a test tube in a water bath at 30°C for 10 min. A total of 0.5 mL of
supernatant was added to the test tube and left to settle for 30 min at 30°C, after which 2.5 mL of
0.5 M sodium carbonate was added to stop the reaction. The amount of p-nitrophenal released
during the reaction was determined with a spectrophotometer (Optizen 2120UV, Mecasys Co. Litd.,
Korea) at 420 nm. A p-nitrophencl calibration curve was previously prepared to calculate the
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enzyme activity. A unit of activity was defined as the amount of B-glucosidase in 1 pM
of p-nitrophenol per minute under the current experimental conditions. The results are described
as UA g7' of whole black soybean pulp in dry weight basis.

According to the HPLC analysis of isoflavone and f-glucosidase activity, the sample fermented
for 12 h using L. acidophilus had the highest yield efficiency (Fig. 1, 2). Therefore, subsequent
experiments were performed using black soybean pulp fermented with L. acidophilus for 12 h after
freeze-drying.

LC/MS-MS analysis: LC/MS-MS analysis was performed with an Agilent 1200 Series 13671
{Agilent Co., USA), autesampler combined with an Agilent 6410 Triple-Quadrupole using a
modified method described by Holder et al. (1999). The LC column was a Hypersil BDS-C18
(4.0x100 mm, 3 um, Agilent Co.), flow rate was 0.5 mL min! and injection volume was 10 pl.. The
L.C mobile phase solvent A was 0.1% formic acid and solvent B was acetomtrile set as an isocratic
elution (85% formic acid (0.1%)/35% acetonitrile). Jonization was performed in the positive mode
of Electro Spray Ionization (ESI) and ion detection was in MEM {multiple reaction
monitoring)mode. Nebulizing gas (N,) temperature was 320°C, gas flow was 12 mL min™' and
capillary voltage was 4000 V. Each isoflavone ion’s optimizing condition determined using the

Agilent. Co., optimizer program is shown in Table 1.

Contents (mg 100 g )

Fermentation time (h)

Fig. 1: Isoflavone contents in black soybean pulp fermented with L. acidophilus as estimated by
HPLC

Contents (mg 100 g ™)

Fermentation time (h)

Fig. 2: Isoflavone contents in black soybean pulp fermented with B. subtilis as estimated by HPLC
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Table 1: Conditions for isoflavone analysis by LOC-MS/MS in MRM mode

Precursorion (M+H") Product ion Fragmentor voltage Collision energy
Daidzin 417 255 80 16
Daidzein 255 91 145 44
Genistin 433 27 115 14
Genistein 271 215 140 30

Table 2: Proximate composition of fermented and non-fermented black soybean pulp

% Moisture Crudefat Crudeprotein Ash Crudefiber Carbo-hydrate Total
Control 0 28.46 12.94 5.5 14.33 38.77 100
LAY 0 31.90 16.25 5.2 11.21 35.44 100
BS 0 35.01 15.43 5.0 11.29 33.27 100

'Black soybean pulp fermented with L. acidophilus, 2Black soybean pulp fermented with B. subtilis

Statistical analysis: Kach experiment was repeated three times. All data collected were subjected
to analysis of variance (ANOVA) after estimation of means and Standard Error of the Mean (SEM)
with the Statistical Analysis System (SAS, Version 9.1 TS Level 1M3). A Turkey test was used to
determine which means were significant with a minimal 5% probability difference (p<0.05).

RESULTS AND DISCUSSION

Results of proximate analysis: The proximate analysis of fermented and non-fermented black
soybean pulp is shown in Table 2. Moisture content was 0% in both fermented and non-fermented
black soy pulp as freeze-drying was done to the maximum intensity. Crude fat content was 28.46%
in non-fermented black sovbean pulp and 31.90 and 35.01% in LA and BS fermented black
soybean pulp, respectively. The increase in crude fat content might be due to bacterial
fermentation. Crude protein content was 12.94% in non-fermented black soybean pulp and 16.25
and 15.43% in LA and BS fermented black soybean pulp, respectively. Ash content without
fermentation was 5.5, 5.2 in LA and 5.0% in BS. Crude fiber also decreased with fermentation from
14.33 to 11.21 and 11.29%. The contents of crude fat and crude protein were increased after
fermentation. Choi et al. (2010) obtained similar results with rice bran fermented by B. subtilis,
Lactobacillus caser and Saccharomyces cerevisiae. They reported increased protein content and
decreased carbohydrate content after fermentation. Ye and Bae (2010) also reported similar results
of decreased carbohydrate content and increased protein and fat contents during fermentation of
mulberry leaves,

HPLC analysis of isoflavone

Black soybean pulp fermented with L. acidophilus: The isoflavene content of black soybean
pulp fermented with L. acidophilus is presented in Fig. 1. The isoflavene (daidzin, daidzein,
genistin and genistein) concentrations in non-fermented black soybean pulp were 2.85, 0.27, 1.85
and 0.51 mg 100 g™, respectively. Daidzin concentration significantly (p<0.05) decreased during
fermentation to 0.13 mg 100 g at 48 h. There were no significant difference in daidzin
contents between 12, 24, 36 and 48 h. Daidzein concentration significantly (p<0.05)
increased after 12 h and there were no significant difference between 12, 24 and 36 h of
fermentation from 0.89 to 0.96 mg 100 g™! and decreased after 36 and 48 h from 0.86 to 0.32 mg
100 g7!. There were no significant difference in daidzein contents between 12, 24 and 36 h.
Genistin concentration was 0.67 mg 100 g™" in the 12 h fermented sample and slightly increased
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in the 24 h fermented sample to 0.91 mg 100 g ! but decreased after 38 and 48 h of fermentation
to 0.59 and 0.56 mg 100 g', respectively. Genistein concentration increased after 12 and 24 h
of fermentation from 3.45 to 3.66 mg 100 g ! but decreased after 38 and 48 h to 3.28 and 1.91 mg
100 g7, respectively. Total isoflavone and aglycone contents were highest in 24 hr fermented
sample but there were no significant (p<0.05) differences between 12 h (Total-5.1 mg 100 g%
aglycone-4.3 mg 100 g™) and 24 h (Total, 5.7 mg 100 g7, aglycone, 4.6 mg 100 g™ fermented
samples.

Black soybean pulp fermented with B. subtilis: The isoflavone content of black soybean pulp
fermented with B. subtilis is presented in Fig. 2. The isoflavone (diadzin, daidzein, genistin and
genistein) concentrations in non-fermented b lack soybean pulp were 2.84, 0.26, 2.05 and
0.50 mg 100 g, respectively. Daidzin concentration gradually decreased to 0.15 mg 100 g ' during
fermentation. Daidzein concentration increased from 12 to 24 h of fermentation from 0.90 to
0.95 mg 100 g~! and decreased after 36 and 48 h from 0.86 to 0.69 mg 100 g™, respectively.
Genistin concentration consistently decreased during fermentation frem 0.60 to 0.57 mg 100 g™
Genistein concentration increased from 12 to 24 h of fermentation from 3.41 to 3.50 mg 100 g~! and
decreased after 38 and 48 h from 4.91 to 3.94 mg 100 g}, respectively. Total iscflavone content is
highest in O hr fermented sample (Total 5.7 mg 100 g™, aglycone 0.8 mg 100 g™!). Aglycone content
is the highest in 24 h fermented sample but there were no significant (p<0.05) differences between
12h (Total 5.0 mg 100 g7!, aglycone 4.3 mg 100 g™") and 24 h (Total 5.1 mg 100 g7}, aglycone
4.4 mg 100 g™ Y fermented sample.

p-glucosidase activity: [-glucosidase activity results are shown in Fig. 3. f-glucosidase activity
in black soybean pulp fermented by L. acidophilus significantly (p<0.05) increased from
1070 UA g ! powder before fermentation to 2140 UA g~ * powder after 12 h of fementation. In the
case of black soybean pulp fermented by B. subtilis, f-glucosidase activity significantly (p<0.05)
decreased at 12 h and the highest level (2030 UA g ! powder) was at 24 h and then significantly
(p<0.05) decreased after 24 h. According to these results, 12 h fermentation by L. acidophilus and
24 h fermentation by B. subtilis was found to have maximum enzyme activity.

2500——LA
-=-BS a
2000 >
3
2F 15007
i
22 1000}
32
o
& 500
0 r r r .
0 12 24 35 48

Fermentation time (h)

Fig. 3: P-glucosidase activity in fermented black soybean pulp, LA : Black soybean pulp fermented
with L. acidophilus, BS : Black soybean pulp fermented with B. subtilis, *Enzyme activity
was defined as the amount of f-glucosidase that released 1 p moL of p-nitrophenc] from
the substrate p-nitrophenyl-D-glucopyranoside per minute (n = 5)
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Fig. 4{a-b): The change of isoflavone concentration spectrum in MRM mode for (a)
non-fermented black soybean pulp and (b) black soybean pulp fermented with
L. acidophilus for12 h
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LC/MS-MS analysis: Each of the four isaflavone spectra was acquired for quantitative analysis.
Each precursor ion at daidzin (m/fz 417), daidzein (m/z 255}, genistin (m/z 433) and genistein
{m/z 271) was selected for protonated molecules, [M+H]" in positive mode. To find characteristic
fragment ions for individual peaks by product ion scan of daidzin (m/z 255), daidzein (m/z 91),
genistin (m/z 271) and genistein {(m/z 153) were chosen. The standard curve of LC-MS/MES from the
peak area shows reliable linearity with a high coefficient of correlation ¥?>99%) daidzin-0.998,
daidzein-0.999, genistin-0.995 and genistein-0.996. Throughout the LC-MS/MS analysis spectrum
in MEM mode, the protonated molecule of genistin (433) and daidzin (417) were decreased and
daidzein {255) and genmistein (271) were increased compared to pre-fermentation (Fig. 4).

Isoflavone has a variety of types of glyvcosides including malonyl and acetyl forms. Using
LC-MS/MS, more accurate quantitative analysis is attainable when protonated molecular weight
1s measured as well as the characteristics of product ions. On the basis of this LC-MS/MS
quantitative data analysis, the isoflavone aglycone concentration of black saybean pulp fermented
by L. acidophiius for 12 h increased 2-fold for genistein and 1.2-fold for daidzein compared to
non-fermented samples. These results are similar to our previcus report (Hong et al., 2009) in
which the isoflavone aglycone concentration of fermented soybean pulp was found to increase
during fermentation and the cptimum time was 12 h. f-glucosidase activity also was found to be
optimum after 12 h of fermentation in our previous report (Hong et al., 2009),

CONCLUSION

The results suggest that the optimum condition te increase the isoflavone content in black
soybean pulp is 12 h fermentation with L. acidophilus. This study indicated the possibility of mass
production of isoflavone aglycone by fermentation of soybean pulp, a byproduct of soybean
processing. Therefore, fermented black soybean pulp could be used as a funectional food especially
for pestmenopausal women to prevent ostecporosis. Further study of mass production of isoflavone
aglycone from soybean and its efficacy on prevention of diseases such as osteoporosis caused by
estrogen deficiency in human subject 1s necessary.
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