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ABSTRACT ORIGINAL 
Microbes greatly influence the nutritional quality of the fermented soybean by generating 

enzymes, secondary metabolites and breaking down large complex phyto-molecules. In the 

present invention, the effect of different microbes Bacillus subtilis, Rhizopus oligosporus. 

Bifidobacterium bifidum and Lactobacillus casaei on nutritional quality of the fermented 

soybean is investigated with an objective to develop soy based nutraceutical. Initially, soybeans 

were fermented with B. bifidum; then this fermented mass was re-fermented with co-culture of 

Bacillus subtilis and Rhizopus oligosporus. This bioprocess resulted higher enzymes levels 

(126.16 lU/mg lipase, 36.52 lU/mg phytase and 8.52 lU/mg P-glucosidase); maximum 

menaquinone-7 production (9.3 [ig/g); and aglycone isoflavones (84.64% daidzein, 99.29% 

genistein, 96.42% glycitein) after 72 hrs of solid state fermentation. The study showed that Co 

fermentation of soybean with microbe B. bifidum, B. subtilis and R. oligosporus in a particular 

sequence have the ability to ferment soybeans in a better way than individual microbial strains 

and produced nutrient rich fermented soybeans. 
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1. I claim complete production process of bone healthy metabolites (menaquinone-7, 

aglycone isoflavones) in soybean based fermentation using multiple microbial strains B. 

bifidum, B. subtilis and R. oligosporus. 

2. I claim the process of multi step fermentation for maximum accumulation of different 

active metabolites in the fermentation substrate. 

3. The method of claim 2, wherein soybean KH-09 bragg is having highest amount of 

glycosidic isoflavones. 

4. The method of claim 2, wherein Bifidobacterium bifidum NCDC 320 with S9ybean Kh-

09 Bragg is able to produce significant amount of aglycone isoflavone (daidzein, 

genistein, glycitein) via producing beta-glucosidase enzyme. 

5. The method of claim 2, wherein mixing time of Bacillus subtilis MTCC 2756 and 

Rhizopus oligosporus NCIM 1215 influence the metabolites production and metabolites 

produced in co-culture of these two microbes were higher than that in each pure culture. 

6. The method of clam 2, wherein the incubating step comprises microbial mixing in two 

steps, indicating the involvement of an enzyme from B. bifidum NCDC 320 in producing 

higher amount of active metabolite from B. subtilis and R. oligosporus. 

7. The method of claim 2, wherein soybean is fermented with microbes for about 72 hours 

for increasing nutritional quality. 

8. The method of claim 2, wherein fermented soybean is rich source of bone healthy 

functional materials. 
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FIELD OF INVENTION 

[001] Present invention entails to the field of nutraceutical development by solid state 

fermentation or bioprocess of soybean with multiple microbial strains for enhancement of 

nutritional quality of fermented soybeans 

BACKGROUND OF THE INVENTION 

[002] Soybean (Glycine max L.) is cultivated around the world due to its high protein and oil 

content. Now days, soy isoflavones based product consumption is increasing due to their health 

benefits. However, soy food utilization is greatly affected due to the presence of natural anti-

nutrients such as trypsin inhibitors and flatulence-causing oligosaccharides (reduces digestibility 

of proteins and carbohydrates), phytic acid (interfere with the mineral bioavailability). 

[003] It has been reported that different processing methods such as dehuUing, soaking, moist 

heating (boiling, microwave cooking and autoclaving), and fermentation have been used to 

significantly improve the nutritional quality of legume seeds. 

[004] During the fermentation process, the enzymes produced by microorganisms, acts on the 

substrate and partly hydrolyse its components into small molecules. Fermentation of legumes 

and cereals produces some enzymes like phytase, protease, trypsin inhibitors, P- glucosidase, 

alpha-galactosidase and lipase. Endogenous phytase of seeds and enzyme produced during 

fermentation considerably reduces phytic acid content of soybean to lower inositol phosphates 

and inorganic phosphates, which can be absorbed through the intestine. 

[005] The glycosidic soy isoflavones hydrolyse into their aglycon forms by the endogenous P-

glucosidase and enzymes produced during fermentation. These aglycone forms are biologically 

active and get absorbed faster in greater amounts than glucosidic isoflavones in himian (Izumi et 

al., 2000). Rhizopous oligosporus, Lactobacillus curvatus R08, Leuconostoc mesenteriodes, 

Lactobacillus fermentum, B. bifidum species etc. have been reported to produce alpha-

galactosidase, which can hydrolyse the non-digestible oligosaccharides from soy foods. 

[006] Lipase degrades the soy triglycerides into glycerol and lower fatty acids. The produced 

glycerol in fermented medium is used as a carbon source to induce B. subtilis growth and/or high 

menaquinone? (MK-7) production. MK-7 is frequently used for treatment of osteoporosis and 

prevention of bone fractures and cardiovascular diseases. 



[007] The improved nutritional value of soybean, therefore, could be due to different enzymes 

and vitamins synthesized by the micro-organisms during the fermentation. 

[008] the effect of co-culturing using various combinations of GRAS (generally regarded as safe) 

fungi and bacteria on functional compounds were unknown. 

SUMMARY AND OBJECTIVE OF INVENTION 

Objective of the invention 

[009] In present invention, steamed soybean is fermented with different microbes (i.e. Bacillus 

subtilis, Rhizopus oligosporus. Bifidobacterium bifidum and Lactobacillus casaei) with the aim 

to determine the change in nutritive value, enzyme levels and correlation between enzyme & 

therapeutic metabolites generation during the fermentation process in order to develop a solid 

state fermentation process/bioprocess methodology for enhancement of nutritional quality of 

fermented soybeans 

Summary of tlie invention 

[010] Soybeans were fermented with B. bifidum; then this fermented mass was re-fermented with 

CO culture of Bacillus subtilis and Rhizopus oligosporus. This bioprocess resulted higher 

enzymes levels (126.16 lU/mg lipase, 36.52 lU/mg phytase and 8.52 lU/mg P-glucosidase); 

maximum menaquinone-7 production (9.3 |J.g/g); and aglycone isoflavones (84.64% daidzein, 

99.29% genistein, 96.42% glycitein) after 72 hrs of solid state fermentation. The study showed 

that Co fermentation of soybean with microbe B. bifidum, B. subtilis and R. oligosporus in a 

particular sequence have the ability to ferment soybeans in a better way than individual microbial 

strains and produced nutrient rich fermented soybeans. 

DESCRIPTION OF THE INVENTION 

[Oil] Different soybean variety PUSA-16, PUSA- 20, PUSA- 24, PUSA-37, PUSA-40, PUSA-

9814, Kh-09 Bragg, Kh-09 (SL525), Kh09 (PS 1042), Kh-08 (DS9814), SL-688, PK-416, DS-

9712, JS-335, JS-95-60 and JS-93-05 were screened based on their isoflavone content. KH-09-

bragg is selected based on highest soy isoflavones (daidzin, genistin, glycitin) content. 



[012] Isoflavones were extracted from fermented soybean using 80% acidic acetonitrile. The 

high-performance thin layer chromatographic (HPTLC) analysis was carried out using mobile 

phase toluene: ethyl acetate: formic acid: acetic acid in the ratio of 1:8:1:0.5, v/v/v/v. Ultraviolet 

detection was performed densitometrically at the maximum absorbance wavelength, 260 nm. 

[013] Inoculums of different microbial cultures were prepared by transferring one culture loop of 

B. subtilis MTCC 2756, R. oligosporus NCIM 1215, 5. bifidum NCDC 320, L casaei MTCC 

1423 to 250 ml Erlenmeyer flasks containing 50 ml of nutrient broth, potato dextrose broth, 

MRS broth respectively. The flasks were shaken at 150 rpm in orbital shaker at 37 °C for 16 h. 

[014] Selected soybean seeds (KH-09-bragg) used as substrate, were washed, soaked overnight 

and sterilized at 121 °C for 15 min, and then inoculated with inoculum of microbes at 5% (v/w) 

in mono-culture, co-culture, two-stage and multi-stage culture (as per the study design). In 

mono-culture, culture medium was inoculated separately with a seed culture ofB. subtilis MTCC 

2756, R. oligosporus NCIM 1215, B. bifidum NCDC 320, L casaei MTCC 1423, then incubated 

at 37 °C for 24, and 48 h. In co-culture mode of fermentation, B. subtilis MTCC 2756 and R. 

oligosporus NCIM 1215 suspensions were added to the soybean based culture medium at the 

same time. In Two-stage mode of fermentation, R. oligosporus (R) was inoculated in advance in 

the first stage of each fermentation process, then the B. subtilis (S) in the second stage, which 

was expressed as R 24h+S. Single microbe fermentation of soybean with B. subtilis and R. 

oligosporus separately were considered as a control. After comparing the results obtained fi-om 

different inoculation sequences and different microbial combinations, experimental design with 

expected high enzyme activities and vitamin K content, were made and evaluated. In multi-stage 

solid state fermentation, incubation of B. bifidum (B) for 24 h, followed by B. subtilis MTCC 

2756 and R. oligosporus NCIM 1215 for 48 h, expressed as B 24h + (S&R). For comparison, 

single culture inoculation ofB. bifidum (B) for 48h and B. bifidum (B) for 24h, followed by B. 

subtilis (S) for 48h, expressed as B 24h+ S were also included. All treatments were repeated 

three times. During and after the fermentation, the changes occurred in the soybean in terms of 

metabolites concentration, and enzyme concentrations were analyzed for nutritional evaluation 

under different fermentation conditions. 



[015] Lipase activity was assayed by spectrophotometer using p- nitriphenyl palmitate (p-NPP) 

as substrate (Dalai et al.2008). Fermented soybean sample (1 g) was added with mixture of 10 ml 

of 10 mM Tris -HCl buffer (pH-8.0) and Tritone X-100(0.1%). The mixture was vortexes and 

incubated at 37 °C in an incubator shaker at 180 rpm for 30 min. The dispersion was centrifuged 

at 3000 rpm for 15 min and the supernatant was used as enzyme solution. Enzyme solution (500 

liL) was added to 200 [iL of solution A (3mM p-NPP solution in 2- propanol) and 1.8 ml of 

solution B [0.1% of gum arable, 0.4% of TritoneX-100 in 20mM Tris -HCl Buffer (pH 8.0)], 

which was freshly prepared before use. The reaction was incubated at 37 °C for 20 min. The 

reaction was stopped by boiling for 10 min, followed by centrifugation at 3000 rpm for 10 min. 

The p-NPP released was measured at 410 nm against a blank contain only buffer and action 

carried out under the same conditions as described above. One unit of enzyme activity is defined 

as the amount of enzyme that release 1 ̂ imole p-nitrophenol per minute. 

[016] The phytase activity was measured as follows, fermented soybean seeds (1 g) were 

extracted in 0.2M citrate buffer (pH 5.5) and the phytase was determined according to the 

method of Kim and Lei, (2005). The enzyme solution (500 \iL) was mixed with 500 nL of phytic 

acid (1% v/v in 0.2M citrate buffer) and incubated for 15 min at 50 ° C, the liberated phosphate 

was measured according to ammonium molybdate method. 

[017] Vitamin K (MK-7) was extracted from the fermented soybean samples using solvents 

propan-2-ol: n-hexane (1:2 v/v). Menaquinone-7 (MK-7) analysis was performed by HPLC 

(Shimadzu, Japan) using a 250 mm x 4.6 mm ID Lichrosper® 100 CI8 column containing 5 mm 

sized particles and a 20 ml loop injector. The HPLC analysis was carried out with a multi-step 

gradient elution at a flow-rate of 1.2 ml/min with the following system: B: acetonitrile, C: 

Mixture of water and methanol (1:1) acidified to pH 3.0 by ortho-phosphoric acid. After sample 

injection (20 |iL), the system was maintained at 80% B for 3.5 min and then increased to 100% 

in 4.5 min, held for 2 min and at the end of 10 min, the system was recycled back to 80% B. The 

detection was carried out by a UV detector at wavelength 248 nm. 

[018] P- glucosidase enzyme activity in the fermented soybean extract was determined as 

described by Hu et al., (2010). 200 ^L of substrate ((ImM in O.IM citrate buffer pH 6.7) mixed 

with 200 î L of crude enzyme solution and incubated for 2 h 30 min at 40 °C. The reaction was 
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stopped by adding 2 ml of sodium carbonate (0.25M, pH 9.0), and p- nitrophenol liberated was 

measured at 420 nm. One unit of enzyme activity expressed as the amount of enzyme releasing 1 

limole p- nitrophenol per min under the assay conditions. 
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EXAMPLES 

[020] Enzymatic activities in fermented soybean : Changes in enzymatic activity (lipase, phytase 

and p- glucosidase) of different microbes B. bifidum, B. subtilis, and L casaei, R. oligosporus in 

mono-culture fermentation with soybean are shown in Fig. 1 (a), (b) and 2 (a). In our study, 

firstly microbes were mono-cultured with the soybean and screened on the basis of different 

enzyme production level. Soybean fermented with B. subtils MTCC 2756 has a maximum lipase 

activity of 131 lU/mg and phytase activity of 40.77 lU/mg at 48hr fermentation time. However 

the P- glucosidase is decreased to 3.17 lU/mg as compared to 24 hr fermentation period. The 

soybean fermented with R. oligosporus NCIM 1215 and L casaei MTCC 1423 shows increased 

activities for all the enzymes when fermented for higher time period. R. oligosporus showed 

higher lipase and phytase activity than the other three microbes viz B. bifidum NCDC 320, B. 

subtilis MTCC 2756, and L casaei MTCC 1423. B. bifidum NCDC 320 produced higher p-

glucosidase enzyme i.e. 5.62 lU/mg at 48 h of incubation time than other microbes. Therefore, R. 
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oligosporus NCIM 1215 were selected to improve the nutritional quality of soybean by 

fermentation process. There is a competition between B. bifidum NCDC 320, B. subtilis MTCC 

2756 & L casaei MTCC 1423 for selection into next step of fermentation in co culture with R. 

oligosporus NCIM 1215. But, B. subtilis MTCC 2756 is the winner, because of overall enzymes 

and metabolite productivity, historical backgrounds and traditional use of this microbe in 

soybean fermentation. The change of enzymatic activity in fermented soybean by two-stage and 

co-culture fermentation had been shown in Fig. 3 (a), (b) and 4 (a). Investigations on different 

inoculation times of B. subtilis MTCC 2756 and R. oligosporus NCIM 1215 were conducted to 

determine the effect on enzymes and metabolites production. Two-stage fermentation i.e. 

fermentation of soybean with R. oligosporus NCIM 1215 for 24hr and then with B. subtilis 

MTCC 2756 for next 24 hr (R24h+ S) showed lower enzymatic activities of lipase, phytase, P-

glucosidase than mono-culture of microbes. Co-culture of J?, oligosporus NCIM 1215 and B. 

subtilis MTCC 2756 (S+R co-culture), showed higher enzymatic activities than soybean 

fermented under mono and two-stage fermentation process. The higher enzymatic activities were 

observed at 48 h of incubation time in co-culture fermentation process with lipase 56.17 lU/mg, 

phytase 108.18 lU/mg and P- glucosidase 4.57 lU/mg. The mixed culturing is beneficial when B. 

subtilis MTCC 2756 and R. oligosporus NCIM 1215 were inoculated together for soybean 

fermentation. The enzymatic activities during fermentation process improve the nutritional and 

functional properties of soybeans due to the increased generation of small bioactive compounds. 

During the initial stages of fermentation, lipids and carbohydrates degrades rapidly, since these 

are used as the major energy sources for the microorganisms. Fermentation of soybean break 

down the large protein, lipid, and carbohydrate molecules by enzymatic hydrolysis to small 

molecules such as peptides, amino acids, fatty acids, and sugars, which are responsible for the 

unique sensory and functional properties of the final products. 
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Figure 1: Lipase (a) and phytase (b) activity of processed soybean fermented with B. bifldum, B. 

subtilis, L casaei and R. oligosporus under mono-culture conditions after 24 and 48 hr of solid 

state fermentation. 
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Figure 2: P- glucosidase activity (a) and % aglycone isoflavone (daidzein, genistein, glycitein) 

(b) in processed soybean fermented with B. bifldum, B. subtilis, L casaei and R. oligosporus 

under mono-culture conditions after 24 and 48 hr of solid state fermentation. 



70 

' 2 60 

P 50 -

I" 40 
I 30 

HJ 10 

ZILipase activity 24h 

OLipase activity 48h 

-a 

1 
i 

R(24h)+S S+R{co-cuture) 

120 

100 

80 

60 

40 

20 

0 
^ 

QPhytase activity 24h 

O Phytase activitv 48h 

R(24h)+S S+R(co-cutture) 

Figure 3: Lipase (a) and phytase (b) activity in soybean fermented with B. subtilis and R. 

oligosporus under two-stage (R24h+S) and co-culture (S+R co-culture) conditions after 24 and 

48 hr of solid state fermentation. 
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Figure 4: p- glucosidase activity (a) and % aglycone isoflavone (daidzein, genistein, glycitein) 

(b) in soybean fermented with B. subtilis and R. oligosporus under two-stage (R24h+S) and co-

culture (S+R co-culture) conditions after 24 and 48 hr of solid state fermentation. 
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[021] Soy isoflavones content in fermented soybean : The higher rate of glycosidic isoflavones 

(daidzin, genistin, glycitin) degradation to aglycone form (daidzein, genistein, glychein) during 

fermentation was correlated with the higher amoimt of P- glucosidase enzyme activity. This 

study investigated the changes in isoflavone content during mono-culture, two-stage and co-

culture fermentation Fig. 2 (b) and Fig. 4 (b). The glycosidic isoflavones (daidzin, genistin, 

glycitin) content in un-fermented soybean were 276.90, 597.54, 109.40 ng/mg, respectively. 

When the un-fermented soybean was heat-treated at high temperature (121 °C, 15 min or at 

autoclaving conditions) the glycosidic isoflavones such as daidzin, genistin, glycitin were 

decreased to 137 ng/mg, 403 ng/mg, 69.29 ng/mg respectively. This indicates that during 

medium preparation step glycosidic isoflavones in soybean decreases. Similarly, the soaked 

soybean showed higher level of P-glucosidase activity (8.37 lU/mg) and after autoclaving, lower 

level of P-glucosidase was observed probably due to heat damage. Sterilization step is necessary 

for fermentation process and cannot be over ruled. But the level of absorbable aglycone form of 

soybean isoflavones can be increased by co culture fermentation. Co-culture fermentation (S+R 

co-culture) produces higher amount of P- glucosidase and aglycone form of soybean isoflavones 

(daidzein, genistein, glycitein) than two-stage fermentation (R24h+ S) after 48 hrs of 

fermentation (fig. 4 a, b). 

[022] Vitamin K2 content in fermented soybean 

The level of MK-7 in soybean fermented by B. subtilis MTCC 2756 in mono-culture 

fermentation, two-stage fermentation (R24h+S), and co-culture fermentation (S+R co-culture) is 

shown in Fig. 5. The MK-7 content of fermented soybeans from the two-step fermentation was 

higher (6.41 ng/g) than the content of soybean fermented by the single starter of B. subtilis 

MTCC 2756. Moreover, fermented soybean had a higher MK-7 content (8.16 i^g/g), especially 

when microbial strains were inoculated at the same time i.e. co-culture fermentation and 

incubated for 48 h. 
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Figure 5: levels of Vitamin Ka/menaquinone 7 (MK-7) in soybean fermented with B. subtilis 

and R. oligosporus under two-stage (R24h+S) and co-culture (S+R co-culture) conditions after 

24 and 48 hr of solid state fermentation. 

[023] Summarizing data gathered from all previous batches of soybean fermentation under 

different fermentation conditions, the combination of S+R (co culture) was chosen as the final 

best microbial combination, in terms of increasing the MK-7 and enzyme content in the 

fermented soybean. In order to confirm the fermentation procedures for soybean the subsequent 

bioprocess steps is carried out. In our experiments, we have found out that in comparison with 

other microbes, B. bifidum produces higher amount of P-glucosidase under mono-culture mode. 

B. bifidum NCDC 320 is able to produce maximum aglycone isoflavone daidzein, genistein, 

glycitein, 64.12%, 94.448%, 86.30%, respectively at 24* hr of fermentation time. But after 48th 

hr fermentation time, there was no major change in aglycone content in soybean (Fig. 2 b). 

Therefore, B. bifidum NCDC 320 was selected to start the fermentation process in soybean for 24 

h to hydrolyse the glycosidic isoflavone (B 24h), converting them to their active, algycone form. 

Then in second step, R. oligosporus and B. subtilis were inoculated simultaneously for co-culture 

in the B. bifidum fermented soybean, incubated for next 48 hr. This inoculation scheme was 

selected form the microbial screening information on increased enzymatic activities and MK-7 
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productivity. Solid state fermentation of soybean with the best microbial combination, B (24h) 

and S+R (co-culture) was carried out. The kinetics of enzyme activities and nutritional level of 

the fermented soybean during total fermentation period (from 24 to 72 hr) are shown in fig. 6 (a), 

(b), (c). The first sample was withdrawn for analysis at 24h after fermentation with B. bifidum 

NCDC 320. 
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Figure 6: Kinetic of lipase activity, menaquinone 7 (MK-7) (a), P- glucosidase activity and % 

aglycone isoflavone (daidzein, genistein, glycitein) (b), phytase activity (c) in soybean fermented 

with B. bifidum and with B. subtilis and R. oligosporus under co-culture (S+R co culture) 

conditions from 24 to 72 hr. 

[024] Lipase activity in soybean fermented by B. bifidum NCDC 320 was 20 lU/mg at 24 h of 

fermentation. After addition of 5. subtilis MTCC 2756 and R. oligosporus NCIM 1215 in B. 

bifidum NCDC 320 fermented medium the lipase activity was analysed. The lipase activity 
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significantly increased at 36 h and the highest level (128 lU/mg) was at 54 h and then 

significantly decreased after 54 h. Fig. 6 (b) is showing the co relationship between the lipase 

enzyme and MK-7 production. The MK-7 content was significantly increased at 15 h of 

incubation and highest measured concentration 9.30 ^g/g at 72 h of incubation time. After 72 h 

of fermentation, fermented soybean have maximum lipase activity of 126.16 lU/mg, phytase 

activity 36.52 lU/mg and p- glucosidase activity of 8.52 lU/mg. This inoculation scheme also led 

to the highest MK-7 production i.e. 9.3 |xg/g and aglycone content i.e. daidzein, genistein, 

glycitein, 84.64%, 99.29%, 96.42%, respectively demonstrating the potential for increasing food 

nutritional quality. Therefore, the current study indicates that the enzymes (lipase, P-glucosidase, 

phytase) produced during solid state fermentation of soybeans by microbe B. bifidum NCDC 

320, B. subtilis MTCC 2756 and R. oligosporus NCIM 1215 have the ability to ferment soybeans 

in a better way than individual microbial strains. 
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