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BIOTECHNOLOGY OF SOYA MULTI-COMPONENT  
FUNCTIONAL INGREDIENTS 

 

Abstract 

The materials of the article present analytical and scientific-practical results of research of soy multi-component functional 

ingredients. Soy extract (or soy milk) is a valuable and cheap source of protein and other nutritious and biologically active compo-

nents, like lipids, vitamins, mineral elements, isoflavones, flavonoids, saponins etc. But the presence of indigestible oligosaccharides 

and a bean flavor limit the consumption of soy milk. The soy oligosaccharides are known to be prebiotic for intestinal microbiota, 

particularly for probiotic microorganisms that hydrolyze them with the enzyme α-galactosidase. Isoflavones are known as phytoes-

trogens since they are similar to human estrogen in structure and function, and are recommended to prevent many hormone-

dependent diseases. In soy beans and unfermented soy products, isoflavones are present mainly as biologically inactive glycoside 

conjugates. Biologically active aglycones of soy isoflavones are substances that are assimilated by human organism from soy prod-

ucts faster and in higher amounts than their corresponding glycosides. The members of intestinal microbiota are predicted to play an 

important role also in the metabolism and bioavailability of isoflavones since they, synthesizing β-glycosidase, cause hydrolysis of 

glycoside components, thus releasing the bioavailable and biologically active form of aglycone. In this work, we estimated the poten-

tial of some Lactobacillus and Bifidobacterium strains to synthesize α-galactosidase and β-glycosidase, and to reduce respectively 

the amount of galactooligosaccharides and to convert isoflavones into their active forms, when growing in soy milk. Simultaneously, 

the profile of soy milk fermentation by the chosen probiotics was studied, as well as the proteolytic activity and accumulation of lac-

tic acid by those probiotics, i. e. the possibility to produce soy-based polyfunctional fermented food products was investigated. 

 Key words: fermentation, soy milk, lactobacilli, bifidobacteria, probiotics, oligosaccharides, isoflavones,                   

α-galactosidase, β-glycosidase. 

 

 Introduction 

 Recently, the problem of gastrointestinal diseas-

es of various causes is very acute in Ukraine. The de-

crease in level of probiotic strains, particularly bifidobac-

teria and lactobacilli, results in disorders in digestion 

processes and many essential biochemical processes in 

the organism. This, in turn, result in disorder in the or-

ganism’s general condition, and in its decreased re-

sistance to pathogenic and opportunistically pathogenic 

microorganisms. The main causes of this are an uncon-

trolled use of antibiotics and low-quality dietary supple-

ments, poor and improper nutrition, bad habits, psy-

choemotional overstrain, rapid pace of life [1-4]. 

 The main way to prevent and treat gastrointesti-

nal diseases caused by dysbacteriosis is to use prepara-

tions, functional ingredients and products that contain 

probiotics. Use of probiotics allows to improve (and 

sometimes to restore) the microbiota of human intestine 

and mucous membranes. This results in improvement of 

general health condition and prevents development of a 

wide range of chronic diseases. 

 It is important to notice that modern biotechnol-

ogy of making complex probiotic preparations is based 

on separate cultivation of various strains and their further 

combination in various ratios. Considering the symbiosis 

of useful bacterial microbiota in the human organism, 

growth features of the used cultures (sensitivity to oxy-

gen, production of vitamins, requirement of certain nutri-

ents etc.), requirement of nutrients when recovering in 

the enteral medium, it is topical and reasonable to use 

combined deep cultivation of the strains and to use a 

prebiotic component (thus making a synbiotic product) 

with a significant clinical effect. 

 Soy products draw high attention not only as 

sources of very important nutrients, but also as active 

carriers of probiotic microorganisms, prebiotics and syn-

biotics. Fermentation of soy extracts (soy milk) by lacto-

bacilli and other useful microorganisms allows not only 

to increase their nutritional value, but also to enhance it 

via enrichment with biologically active compounds. 

 The mechanism of medical and preventive ac-

tion of probiotics is complex and caused not only by high 

content of viable cells and accumulation of their extracel-

lular metabolites (that enhance the probiotic effect), but 

also by other positive effects on the consumers’ health. 

Today, numerous abilities of probiotic microorganisms 

are known: they decrease the level of low-density lipo-

protein cholesterol (LDL cholesterol) and the symptoms 

of lactose intolerance, improve the bioavailability of 

mineral elements (particularly, calcium, magnesium, and 

zinc) and isoflavones, availability of proteins, intestinal 

health, support the immune system, demonstrate antioxi-

dant, anticarcinogenic and antihypertensive activity, etc. 

As the results of clinical investigations have shown, they 

promote the multiplication of beneficial bacteria, and 

produced metabolites decrease the risk of gastrointestinal 

diseases, some types of cancer, cardiovascular diseases 

[2, 4-7]. 
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 New experimental data show a potential positive 

role of probiotics in multi-factor diseases, including 

those caused by deviations in life style and unbalanced 

diet. Factors like stress, overtime work, smoking, com-

bined with high-calorie and low-nutrient diet, can result 

in disorders of homeostatic mechanisms and impairment 

of the organism’s natural protection. This promotes the 

development of metabolic syndrome which is a combina-

tion of risk factors for cardiovascular diseases (CVD), 

such as abdominal obesity, atherogenic dyslipidemia, 

increased blood pressure, insulin resistance, chronic low-

gradation proinflammatory processes and prothrombotic 

changes [8]. 

 Therefore, based on the consumers’ concern, 

investigations focused on making new functional fer-

mented soy products are topical, as well as those focused 

on studying biochemical processes occurring during fer-

mentation by probiotic microorganisms, on studying the 

composition and properties of finished products. 

 

 Analysis of literature data and problem 

statement 

 Soybean is a plant from a genus of herbaceous 

plants of Fabaceae family (legumes). Members of this 

family have characteristically high effectiveness of pro-

tein synthesis, and soybean additionally has that of fat 

synthesis. The phenomenon of soybean is its unique 

chemical composition. Its seeds contain 38 to 40% of 

protein, 18-20% of fat, 25-30% of carbohydrates, 4% of 

mineral substances and 10% of water. The soybean pro-

tein has a well-balanced amino acid composition and 

high availability, which makes it comparable to animal 

protein [9-10]. The availability of soybean protein (70%) 

is lower than that of animal protein (meat and fish 93-

95%, milk and eggs 96-98%), but disintegration of cellu-

lar structures of soybeans and extraction of proteins them 

during processing increases the soybean protein availa-

bility to 91-94%. And as for the dietetic properties, the 

soybeans lack what is referred to as hyperlipidemic ef-

fect, i. e. they do not cause hyperlipemia (increased con-

tent of lipids in blood), and decrease the blood cholester-

ol level (which is important in treating some cardiovascu-

lar and cancer diseases) and stimulate healing processes 

in gastric ulcer. They are also used in preventing hormo-

nal disorders [9, 11-13]. 

 In addition to protein, soybeans are a good 

source of high-quality lipids. Soybean oil contains about 

85% of polyunsaturated fatty acids (of which linoleic 

acid accounts for 8%, linolenic acid for 54% and oleic 

acid for 23%), and only about 15% of saturated fatty ac-

ids (of which 11% of palmitic acid and 4% of stearic 

acid). Soybean is a source of lipoid substances – the 

phospholipids, namely lecithin, cephalin, sphingomyelin 

etc. 

 The soybean lecithin is considered as the most 

high-quality one, because it is choline-rich and is a com-

plex of natural phospholipids (has 30% of phosphatidyl-

choline, 23% of phosphatidyl ethanolamine, and about 

13% of phosphatidylinositol). Consuming soybean oil 

regulates lipid and cholesterol metabolism, enhances 

antioxidative processes in the organism, stimulates repair 

of cell membranes, promotes strengthening of walls of 

blood vessels, and therefore is recommended for treat-

ment of diabetes mellitus, kidney stone disease, digestion 

disorders, brain and nervous system diseases, obesity, 

endocrine disorders [9, 11, 12, 14]. 

 Soybeans contain 27-35% of carbohydrates. Of 

them, soluble carbohydrates account for about 15%: su-

crose for 4-6%, stachyose – 5%, raffinose – 1-2%, starch 

– 1-3%, monosaccharides (glucose, arabinose, ribose) – 

less than 1% [9, 11]. Special focus must be made on soy-

bean oligosaccharides – stachyose and raffinose – which 

are not hydrolyzed and assimilated by humans, they enter 

the intestine unchanged and perform a prebiotic function 

there, being a substrate for bifidobacteria [9, 11, 15]. 

 Polysaccharides account for about 15% of soy-

bean dry matter: pectins for 30%, cellulose – 20% and 

hemicelluloses (arabinoglycans, arabinans, acidic poly-

saccharides) – 50%. They belong to the dietary fiber 

group, and they stimulate the intestinal peristalsis, form 

the stools, absorb toxic and radioactive substances, cho-

lesterol and bile acids. Regular consumption of polysac-

charides by humans is a reliable prevention of cardiovas-

cular and cancer diseases, diabetes mellitus, gallstone 

disease, obesity and dysbacterioses [9, 11]. 

 High content of vitamins of B group, E and K in 

the soybeans also should be noted. These vitamins are 

required for normal functioning of cardiovascular, circu-

latory, gastrointestinal, nervous and humoral systems. 

Soybean is also rich in such mineral elements as potassi-

um, phosphorus, calcium, magnesium, iron, selenium. 

Additionally, not only the amount of a given element is 

important, but also the ratio between different elements. 

Soybean is known to have an almost ideal ratio of the 

following elements: Ca to Mg, Ca to P, Na to K [9, 11]. 

 The soybean biologically active components 

important for regulation of metabolism also includes fla-

vonoids, isoflavones (1.261 to 3.886 mg/g of soybean 

mass), saponins (0.5% of soybean mass), phytosterols, 

protease inhibitors (5 to 10% of protein mass), lectins (1-

3% of soybean mass), phytates (1-1.5% of soybean mass) 

etc. [9, 11, 16]. 

 Flavonoids possess potent antioxidative proper-

ties and are used to prevent cardiovascular diseases and 

metabolic disorders. Their immunostimulating, radiopro-

tective and anticancer activity is also known. Saponins 

are glycosides that do not contain nitrogen in their mole-

cules. The soybean saponins have been shown to possess 

antitumor, antioxidative, bactericidal, and immunostimu-

lating activity. Phytosterols demonstrate a hormone-like 

action, similar to that of female sex hormones [9, 11, 12, 

16-18]. 

 Isoflavones belong to phytoestrogens group, 

they possess a stabilizing effect on the organism’s hor-

monal state, compensating the deficiency of sex hor-

mones or decreasing their production by competitive 

binding to the cell receptors. Also they prevent hormone-

dependent breast and prostate cancer and the symptoms 

of menopause and premature ageing, especially in wom-

en after menopause. Additionally, they regulate glucose 

level in blood, interfere with blood supply to cancer cells 

(thus stopping their growth), possess chemoprotective 

properties, support the bone tissue, decrease levels of 

total cholesterol and LDL cholesterol in blood, prevent 

cardiovascular diseases etc. [9, 19, 20]. 

 Protease inhibitors, lectins, phytates and lipoxy- 
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genase are antinutrient factors of soybeans. But under 

proper technological processing they are easily inactivat-

ed, since they are sensitive to hydrothermal treatment [9, 

12, 13]. 

 Thus, studying the composition of soybeans 

showed them to be an abundant source of biologically 

active substances, many of them are functional, which 

makes the soybean products an important part of func-

tional food products and nutriceutics [9, 21]. But soy-

bean-based products usually are consumed by Asian 

population, because the bean flavor and intestinal disor-

der associated with presence of indigestible oligosaccha-

rides limit their popularity. This problem can be resolved 

by using soybean extract fermented by lactic acid bacte-

ria. 

 During the process of obtaining soybean extract, 

the bulk of biologically active soybean substances enters 

the extract, the antinutrient components are disrupted and 

the bean flavor significantly decreases. Fermentation of 

soybean extract by lactic acid bacteria promotes hydroly-

sis of soybean oligosaccharides by the enzyme α-

galactosidase, i. e. it prevents intestinal disorder after 

consumption of such products. Also it helps to get rid of 

the bean flavor, increases the availability of nutrients 

(particularly proteins and mineral substances), improves 

the bioavailability of isoflavones, activates the immune 

system, decreases cholesterol level, inhibits development 

of pathogenic microorganisms in the intestine etc. Fer-

mented soybean extract is a carrier of probiotic, antioxi-

dative, protease, β-glycosidase and α-galactosidase activ-

ity [6, 9, 22]. 

 Thus, soymilk fermented by probiotic microor-

ganisms can be converted into a polycomponent biologi-

cally active functional food system that makes a positive 

impact on human health. 

 

 Purpose and objectives of research 

 Considering the nutrition and biological value of 

soybean extract, our investigations comprised obtaining 

polyfunctional ingredients from soybeans using a consor-

tium of lactic acid bacteria and bifidobacteria. 

 In order to reach the mentioned goal, the follow-

ing tasks were set: 

– select the technological parameters to obtain a 

soybean fermented drink using lactic acid bacteria and 

bifidobacteria; 

– study the fermentative activity of the cultures 

in question and the biochemical changes in the process of 

fermentation; 

– determine the biochemical and microbiologi-

cal indicators of the obtained drink. 

 

 Materials and methods of investigation 

 Cultures from the collection of biochemistry, 

microbiology and nutrition physiology department of 

ONAFT were used in this investigation: Вifidobacterium 

longum Я3, Вifidobacterium adolescentis С52, Lactoba-

cillus plantarum B-578. 

 Soy milk was obtained using a technology 

which includes the following operations: shelling of soy-

beans, wet-heat treatment for 5 min at 120°C, in 0.5% 

solution of Na2CO3 with a hydromodule of 1:6, removal 

of Na2CO3 solution, disintegration, aqueous extraction at 

a hydromodule of 1:5, filtration, introducing additional 

components recommended to give the extract a better 

flavor (salt, sugar, vanillin), pasteurization at 90°C for 15 

min (the parameters appropriate for the high protein con-

tent in the soy milk), cooling down to 2-6°C and storage 

for no longer than 36 hours [9]. 

 This technology allows to obtain a sweet drink 

with a pleasant flavor, intensely cream-white in color, 

with a faint pleasant odor. The wet-heat treatment means 

elimination of side substances giving the soymilk foreign 

flavors and odors (like lipoxygenase) from the soybeans, 

and also elimination of antinutrient factors like phytates, 

trypsin inhibitors and lectins. During the aqueous extrac-

tion, mainly water-soluble soybean components enter the 

milk, and also partly the poorly water-soluble polysac-

charides and other components. 

 The process of soy milk fermentation was con-

ducted at 37°C with introducing the laboratory starter in 

an amount of 3% of the milk mass, intended to make an 

initial concentration of probiotic microorganisms no less 

than 106 CFU/ml. 

 The titer of the cultures was determined by in-

oculation of tenfold dilutions of the product into special 

selective media for bifidobacteria and lactobacilli: corn-

lactose medium with neomycin and MRS, respectively. 

After incubation at 37±1°C for 48 hours typical colonies 

were counted. In addition to cultural traits of obtained 

colonies, the morphology of microorganisms from them 

was also studied. 

 Changes of active acidity were controlled in the 

soy milk fermentation process every 3 hours using a pH-

meter. The activity of acid production in the studied 

samples was determined by titrimetric method every 3 

hours as well. The titration was made with 0.1 mole 

NaOH solution with phenolphthalein as indicator. The 

titrated acidity was calculated according to the formula: 

 

                  °T = A × K × 10,                                (1) 

 

where A is the number of milliliters of 0.1 molar NaOH 

used to titrate 10 ml of culture liquid, K is a correction 

coefficient to the 0.1 molar NaOH solution, °T is a value 

expressed in Turner degrees. 

 Both in unfermented soy milk and after fermen-

tation, carbohydrates were separated with a high-

performance liquid chromatography (HPLC). The eluent 

consisted of 75% of acetonitrile and 25% of distilled wa-

ter, and was maintained at a flow speed of 1 ml/min iso-

cratically. An injected volume of 20 ml was used both for 

samples and standards. The retention time of standards 

for raffinose, stachyose and sucrose was 11.4, 19.1 and 

7.8 min, respectively. Standard initial solutions of raffi-

nose (2.53 g/100 ml), stachyose (2.03 g/100 ml) and su-

crose (2.53 g/100 ml) were used to prepare a standard 

calibration curve. The concentration of oligosaccharides 

was determined using the standard curve and expressed 

in milligrams of sugar per 100 ml soy milk [23]. 

 Sugars for this were extracted using the method 

described above [24] with some changes: in order to re-

move proteins, 3 ml of each sample were centrifuged at 

14000×g for 30 min, followed by filtration using a 0.2 

µm membrane filter. 
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 The amount of lactic acid was 

determined by titrimetric method, fol-

lowed by conversion [25]. 

 Proteolytic activity of starter 

cultures on soy milk was controlled by 

the dynamics of amino nitrogen in the 

fermentation process. This dynamics was 

determined by colorimetry and also by 

accumulation of free NH3 groups meas-

ured using the method of o-phthalic dial-

dehyde. In order to determine free NH3 

groups, 100 µl of fermented soy milk 

sample was added to 750 µl of o-phthalic 

dialdehyde, exposed for 2 min at room 

temperature, then the optical density was 

measured with a spectrophotometer at 

340 nm. The proteolytic activity in this 

was determined as the absorption of free 

amino groups measured at 340 nm. Rela-

tive level of proteolysis was determined 

as the difference between the proteolytic activity in fer-

mented soy milk and that of unfermented milk [26, 27]. 

 In order to determine α-galactosidase and β-

glycosidase activity, samples were taken every 3 hours 

for 12 hours of soy milk fermentation by the probiotic 

cultures. Then, they were centrifuged at 4000×g (4°C) 

for 30 minutes to obtain cellular enzyme extracts, which 

were analyzed for the activity of both enzymes according 

to a method described above [24]. For this, 60 µl of ex-

tracellular enzymatic extract were mixed with 120 µl of 5 

mM corresponding specific substrates pNPαGal (p-

nitrophenyl α-D-galactopyranoside) or pNPβGlu (p-

nitrophenyl β-D-glucopyranoside) and incubated at 37°C 

for 30 min. The reaction was stopped by adding 120 µl of 

cold 0.2 M sodium carbonate. The amount of released p-

nitrophenol was measured using a spectrophotometer at 

405 or 420 nm, respectively, using a linear calibration 

method obtained with p-nitrophenol in the same condi-

tions. One unit of enzyme’s activity was taken by the 

amount of the enzyme that released one micromole of p-

nitrophenol from the substrate ρNPG per milliliter per 

minute, in corresponding conditions. The specific activi-

ty was expressed in units (U) of activity of both enzymes 

per milligram of protein [28, 29]. 

 Isoflavones were extracted with aqueous solu-

tions of polar solvents. A 70% aqueous solution of etha-

nol or 80% aqueous solution of methanol was used for 

this. Duration of extraction varies from 2 to 24 hours and 

depends on the temperature, which can be in the range 

from room to 80°C. But, as some authors state, high tem-

peratures are undesired for extraction, because they in-

crease the likelihood of hydrolysis of bonds of carbohy-

drate esters, which, in turn, can result in significant 

changes of the isomeric composition of isoflavones [28, 

30]. 

 Isoflavones were determined quantitatively us-

ing a gas-liquid chromatograph “Knauer” (Germany) 

with SGX – C18 (3×250 mm) column made by “Separon” 

company (Czechoslovakia), which has a reentrant phase 

and a mobile phase “water : polar solvent (methanol)” in 

a gradient of solvent’s concentration 30 to 90%, the de-

tector was UV. The output components were registered at 

220 nm [28, 30]. 

 Results and their discussion 

 In the process of fermentation, the changes of 

active, titrated acidity and the number of cells of probi-

otic microbes were controlled (fig. 1, 2). 

 The results show that the competitive relations 

between lactobacteria and bifidobacteria change funda-

mentally when they are cultivated together on soy milk, 

compared to cultivation on cow milk. Lactobacillus 

plantarum is known to be a potent and fast acid producer 

when growing on cow milk. It is homofermentative and 

accumulates 90% of lactic acid, ferments milk within 3-5 

hours, the critical acidity in this can be 200-250°T. For 

bifidobacteria, milk is not a natural habitat, and they de-

velop there very slowly, the main reasons of this are the 

dissolved oxygen, ability to assimilate casein only after 

its partial hydrolysis, low phosphatase activity etc. Addi-

tionally, bifidobacteria do not develop at the medium’s 

pH below 4.5, therefore Lactobacillus plantarum out-

competes them when grown together on cow milk. 

 The titrated acidity elevation rate and active 

acidity decrease rate in different phases of fermentation 

are different in cow milk and soy milk. When cultivating 

the symbiotic starter on cow milk, the adaptation phase 

takes about 6 hours, then the acidity increases, with its 

rate increasing towards the end of the fermentation 

process. In this case, the main participants of the 

fermentation are lactobacilli, bifidobacteria develop only 

during the initial stage, then their growth slows down 

because of unfavorable conditions: elevated acidity, 

absence of growth factors, lack of energy-yielding 

material. 

 When developing on soy milk, adaptation of 

probiotic cultures takes 3-3.5 hours, and the whole 

fermentation process lasts for 8-10 hours depending on 

the organoleptic properties (density, viscosity etc.) of the 

curd. For example, in 9 hours of fermentation pH is 5-5.3 

at average, titrated acidity is 53-62°T. Such indexes are 

indicative of a milder and more delicate flavor of 

finished product and of the possibility to extend the 

storage life of fermented soy products with retention of 

their probiotic properties compared to sourmilk drinks 

(fig. 1). 

 Certain symbiotic relations between the chosen 

 
Fig. 1. Profile of soy milk fermentation by Lactobacillus  

plantarum B-578 combined with bifidobacteria at 37°С 
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strains of bifidobacteria and Lactobacillus plantarum 

have been shown to form in the soy milk, which allows 

to obtain high titers of probiotic cultures in the finished 

product, notably with predominance of bifidobacteria. 

For example, in the case of combination of Lactobacillus 

plantarum B-578 with Bifidobacterium longum Я3 after 

9 hours of fermentation the number of cells was 8·107 to 

10·107 CFU/ml and 7·108 to 9·108 CFU/ml, respectively, 

while in the case of combination of Lactobacillus 

plantarum B-578 with Bifidobacterium adolescentis C52 

there was 1·108 to 3·108 CFU/ml and 2·109 to 5·109 

CFU/ml, respectively (fig. 2). 

 
Fig. 2. Dynamics of accumulation of cells by  

probiotic cultures in a combined cultivation 

 

This ratio between lacto and bifidobacteria de-

veloping in the soy milk can be explained as follows. 

Lactobacillus plantarum is known to ferment amygdalin, 

cellobiose, fructose, glucose, galactose, lactose, maltose, 

salicin, sucrose, and trehalose. Some strains ferment gly-

cogen (usually poorly) and melibiose or raffinose. In ad-

dition, lactic acid bacteria are known to be able to change 

their typical saccharolytic pathway depending on the 

sugars present in the medium. They demonstrate a signif-

icant proteolytic and lipolytic activity. They require ace-

tate or mevalonic acid, riboflavin, calcium pantothenate, 

niacin and folic acid for growth, but do not require thia-

mine, pyridoxal, thymidine and vitamin B12 (cyanocobal-

amin) [31, 32]. 

Bifidobacterium longum had been isolated from 

feces of adult human and babies, its range of hydrolyzed 

sugars includes lactose, galactose, sucrose, fructose, 

maltose, stachyose, raffinose, ribose, xylose and other 

sugars, which indicates that the bacterium has a wide 

range of saccharolytic enzymes, including α and β-

galactosidase. These bacteria require free amino acids, 

like cysteine, proline, serine and alanine, and also nico-

tinic and folic acids to be present in the medium for 

growth. B. longum possesses a good proteolytic activity 

[33, 34]. Thus, soy milk contains enough readily availa-

ble energy sources for development of B. longum, there-

fore, in combination with Lactobacillus plantarum it de-

velops more actively. 

Bifidobacterium adolescentis had been isolated 

from feces of an adult human, it has the most active sac-

charolytic properties among all bifidobacteria, it can as-

similate a broad range of carbohydrates and even poly-

saccharides. It requires riboflavin, pyridoxine, thiamine, 

calcium pantothenate, nicotinic acid, alanine, lysine, ser-

ine, proline, glutamic and aspartic acids to be present in 

the medium for growth. At the same time it has a high 

proteolytic activity [33-36]. This culture has been shown 

to develop best in soy milk, inhibiting the growth of Lac-

tobacillus plantarum. 

 Among other growth conditions, lactic acid 

bacteria require a source of readily utilized energy – 

carbohydrates. Soy milk contains about 3% of 

carbohydrates. The carbohydrate composition of soy 

milk is represented mainly by galactooligosaccharides 

like raffinose (1.5%), stachyose (4.3%) and sucrose 

(4.5% of dry matter). Additionally, soy milk contains 

minor amounts of monosaccharides like arabinose and 

glucose (about 0.07%). 

 This carbohydrate composition is a natural 

medium for development of bifidobacteria, since they 

can synthesize α-galactosidase in significant amounts to 

hydrolyze soy oligosaccharides, but this medium is 

insufficient for Lactobacillus plantarum. This is why 

studying utilization of sugars and accumulation of lactic 

acid during soy milk fermentation was of concern. Data 

on utilization of soy oligosaccharides – stachyose, 

raffinose and sucrose – by lactobacilli and bifidobacteria 

after 10 hours of fermentation are presented here. It 

should be noted that the concentrations of 

oligosaccharides in fermented products were calculated 

on the basis of 14% of dry matter. 

 Studying the carbohydrate composition of soy 

milk before and after fermentation showed that 

Lactobacillus plantarum only very slightly utilized 

stachyose but decreased the amount of raffinose by 15% 

(explained by insufficient synthesis of α-galactosidase by 

this culture) and significantly decreased the amount of 

sucrose – by 56%. 

 Both species of bifidobacteria demonstrated a 

high α-galactosidase activity. Fermentation of soy milk 

by B. adolescentis for 24 hours resulted in total 

hydrolysis of oligosaccharides. The highest α-

galactosidase activity was demonstrated by B. longum: 

after 10 hours of fermentation after reaching pH 5.2 the 

amount of raffinose and stachyose was decreased by 73% 

and 56%, respectively. B. adolescentis utilized 

oligosaccharides more poorly: their amounts decreased 

by 54% and 52%, respectively. Additionally, the results 

of utilization of soy galactooligosaccharides were 

confirmed by studying the dynamics of α-galactosidase 

activity of probiotic cultures during combined cultivation 

on soy milk, presented on fig. 4. In both combinations (L. 

plantarum with B. adolescentis and L. plantarum with B. 

longum), their α-galactosidase activity increased 

dramatically during all 12 hours of cultivation. In this, 

after the lag phase (the phase of adaptation) the 

enzymatic activity of L. plantarum with B. longum 

exceeded that of L. plantarum with B. adolescentis by 

20% or more. For example, in 12 hours of fermentation 

the α-galactosidase activity of L. plantarum with B. 

longum reached 98 U/mg, while that of L. plantarum 

with B. adolescentis was no higher than 78 U/mg (fig. 3). 

In addition, bifidobacteria can utilize α-1,2-

glycosidic bonds in the sucrose molecule. For example, 

after cultivation of B. adolescentis the amount of sucrose 

decreased by 8 %, and after cultivation of B. longum  
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Fig. 3. Dynamics of α-galactosidase activity of probi-

otic cultures in joint cultivation in soy milk at 37°С 

  

by 10%. 

 Thus, it should be noted that fermentation of soy 

milk by bifidobacterial starters decreases the content of 

galactooligosaccharides significantly, i. e. prevents 

intestinal disorders, distension, meteorism in consumers. 

At the same time, glalctooligosaccharides are prebiotics 

that stimulate the growth and development of both starter 

cultures of bifidobacteria and beneficial intestinal 

microbiota. 

During cultivation of probiotic cultures, the 

main metabolites are organic acids, especially lactic and 

acetic acid. Studying accumulation of lactic acid by the 

starter microorganisms during soy milk fermentation in 

comparison with cow milk has shown that accumulation 

of lactic acid is by 58% less than that on cow milk. 

 This significant difference in lactic acid 

accumulation by starter microorganisms in soy milk and 

cow milk with minor difference in acidity can be 

explained by the composition of starters, lack of easily 

assimilated sugars in soy milk and by the pathway used 

by lactobacilli and bifidobacteria to convert sugars. L. 

plantarum is an active acid producer, it ferments by 

glycolytic pathway where the main metabolite is the 

lactic acid. Bifidobacteria ferment sucrose, glucose, 

fructose, stachyose, maltose, galactose, lactose by 

“bifidic pathway” to produce mainly acetic and lactic 

acid in molar ratio 3:2, and also can produce acetate and 

formate [37, 38]. And since bifidobacteria predominate 

during combined cultivation on soy milk, minor 

accumulation of lactic acid is observed with a rapid 

elevation of acidity. 

 The proteolytic activity of starters is one of the 

most important criteria when selecting starter cultures in 

making sourmilk dairy. This is one of the most important 

properties of lactic acid bacteria which characterizes their 

ability to digest milk proteins to produce simpler 

nitrogen-containing compounds: peptones, peptides, free 

amino acids etc., since most of them has a high 

requirement of growth factors like peptides and amino 

acids, and the content of these factors in the original raw 

material is too low to provide their desired growth. 

Therefore, lactobacteria and bifidobacteria have a 

complex system of proteases and peptidases which 

allows them to utilize milk or soy protein as the source of 

amino acids and nitrogen. Various species of lactic acid 

microorganisms have different proteolytic activity, even 

strains with different activity appear within one species. 

For example, among lactic acid bacteria the most active 

are Lactobacillus bulgaricus and Lactobacillus 

plantarum [37, 39]. Bifidobacteria are also known to be 

rather active protein digesters, except for B. bifidum 

which hydrolyzes protein very slightly [33, 40]. 

 The proteolytic activity of starter cultures on 

soy milk, besides the ability to release free NH3 groups, 

was also controlled by the dynamics of amount of non-

protein nitrogen during fermentation. Before 

fermentation, the soy milk contained about 4.5 mg/ml of 

non-protein nitrogen, and after 3-4 hours of fermentation 

its amount decreased by 35-40% at average, and further 

changes of amine nitrogen concentration in the mixture 

depended on the bifidobacterial strain used in the starter 

(fig. 4). 

 The presented data show that the proteolytic 

activity of studied cultures during soy milk fermentation 

depends on the strain and duration of fermentation. 

However, both combinations of probiotic cultures 

reached their maximum proteolytic activity after 6 hours 

of soy milk fermentation, then it began to decline slightly 

and in 12 hours of fermentation reached 80% of the 

maximum level in Lactobacillus plantarum B-578 with 

Вifidobacterium adolescentis С52 and 70% in 

Lactobacillus plantarum B-578 with Вifidobacterium 

longum Я3. This is confirmed also by the dynamics of 

amine nitrogen content (fig. 4). 

 
Fig. 4. Dynamics of proteolytic activity and content of 

amine nitrogen during soy milk fermentation by a 

culture of Lactobacillus plantarum B-578  

in combination with bifidobacteria 

 

 The amount of amine nitrogen does not change 

from 4 to 6 hours of soy milk fermentation by Lactoba-

cillus plantarum B-578 with Вifidobacterium longum Я3, 

then towards 8 hours of fermentation it begins to in-

crease, and by the end of the fermentation process it is 

about 125% of the initial value. When the symbiotic 

starter of Lactobacillus plantarum B-578 with Вifidobac-

terium adolescentis С52 was used, the content of amine 

nitrogen begins to increase after only 5 hours from the 

start of the process, then after 7 hours it is equal to the 

initial value, and in 12 hours it is more than 150% of the 

initial value (fig. 4). This distinguishes B. adolescentis 

from other studied strains of bifidobacteria, because it 
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has the highest proteolytic activity. Consequently, the 

high proteolytic activity of bifidobacteria, in addition to 

their ability to metabolize soy oligosaccharides, explains 

their active growth and development on soy milk. 

 It can be said that the correlation between 

growth of the cultures and their proteolytic activity 

demonstrates a positive impact of proteolysis of soy pro-

teins on accumulation of Lactobacillus plantarum B-578 

and Вifidobacterium adolescentis С52 biomass. 

 Isoflavones are a part of diphenol compounds, 

they are referred to as phytoestrogens because they are 

similar to estradiol (a human estrogen) in structure and 

function, although much less potent. Due to this similari-

ty, there are numerous investigations of preventive action 

of soy isoflavones on many types of hormone-dependent 

diseases [36]. In total, 12 forms of isoflavones have been 

isolated from soy beans and products of their processing. 

They are found in 4 chemical forms, including 3 free 

forms called aglycones (genistein, daidzein, and 

glycitein) and 3 conjugated forms with each aglycone, 

called glycosides. Conjugated forms have an additional 

glucose component which can either be bonded to acetyl 

(6''-O-acetylglycosides) or malonyl (6''-O-

malonylglycosides) groups or be free of other groups (β-

glycosides, namely genistin, daidzin and glycitin). For 

example, in soy beans and unfermented soy products 

isoflavones are found mainly in the form of biologically 

inactive glycoside conjugates which account for 80 to 

95% of their total content [35]. The biologically active 

estrogen-like isoflavone compounds are aglycone con-

figurations of genistein, daidzein and glycitein, which are 

faster and in greater amounts assimilated by human or-

ganism from soy products than their correspondent gly-

cosides [41, 42]. 

 The members of intestinal normal microbiota 

are supposed to play an important role in metabolism and 

bioavailability of isoflavones, since they hydrolyze gly-

coside components with their β-glucosidase, releasing a 

bioavailable and biologically active form of aglycone 

[43]. Methods of fermentative transformation using mi-

crobial glucosidases have an immense potential to pro-

duce biologically active aglycones by hydrolysis of sugar 

fragments of various glycosides in food products. The 

members of Bifidobacterium and Lactobacillus genera 

are known to contain many glycosyl hydrolases like am-

ylase, α and β-glucosidase, α and β-galactosidase, α-L-

fucosidase, α-L-arabinofuranosidase, and β-

fructofuranosidase. These play the key role in the intesti-

nal hydrolysis of various oligosaccharides, polysaccha-

rides, and glycoconjugated phytochemical substances, 

including isoflavonic glycosides which are converted into 

their bioactive aglycone forms by β-glucosidase [27, 41, 

44]. 

 The β-glycosidase activity of lactobacillary and 

bifidobacterial consortia during soy milk fermentation at 

37°C was determined every 3 hours (fig. 5).  

Investigations showed that the β-glycosidase ac-

tivity of both consortia increased rapidly from the first 

hours of fermentation (fig. 5). The highest activity was 

observed in combined cultivation of Lactobacillus 

plantarum B-578 with  Вifidobacterium longum Я3 on 

soy milk, it reached its maximum in 6 hours and meas-

ured 81U/mg of soy protein, then it slowly declined and 

 
Fig. 5. Dynamics of β-glycosidase activity of probiotic 

cultures during joint cultivation in soy milk at 37°C 

 

measured 63U/mg of soy protein after 12 hours of fer-

mentation. The β-glycosidase activity of Lactobacillus 

plantarum B-578 and Вifidobacterium adolescentis С52 

consortium increased more slowly and reached its maxi-

mum in 9 hours of cultivation on soy milk (75 U/mg of 

soy protein), then it also began to decline and reached 66 

U/mg of soy protein after 12 hours. Thus, the elevation 

and decline in β-glycosidase activity of both consortia 

during soy milk fermentation correspond to the exponen-

tial and stationary phases of bacterial growth, respective-

ly (fig. 5). 

 Of special interest were the changes in amount 

of isoflavonic glycosides and aglycones during soy milk 

fermentation by selected cultures. This amount was de-

termined in initial soy milk and after 9 and 12 hours of 

fermentation. Analysis of changes in concentrations of 

isoflavonic glycosides and aglycones during soy ilk fer-

mentation by selected cultures showed that decrease of 

concentrations of isoflavonic glycosides and increase in 

concentration of corresponding aglycones aligned with 

increase of β-glycosidase activity during soy milk fer-

mentation by some cultures. For example, in soy milk 

fermented by L. plantarum B-578 с В. longum Я3 the 

content of daidzin, glycitin and genistin in 12 hours de-

creased by 93%, 75%, and 99.6%, respectively, and the 

corresponding aglycones increased in concentration by 

278%, 153%, and 338%, respectively. During soy milk 

fermentation by L. plantarum B-578 with В. adolescentis 

С52, the process of conversion of soy isoflavonic glyco-

sides into aglycones was less intensive. This can be ex-

plained by the fact L. plantarum B-578 and В. adolescen-

tis С52 cultures reach their maximum β-glycosidase ac-

tivity by 9 hours of fermentation, while the peak β-

glycosidase activity of L. plantarum B-578 with В. 

longum Я3 appears after 6 hours of cultivation on soy 

milk, and the activity itself is by 8% higher. However, in 

12 hours of fermentation by L. plantarum B-578 with В. 

adolescentis С52 the content of daidzin, glycitin, and 

genistin (converted into corresponding aglycones) 

reached that of joint fermentation by L. plantarum B-578 

with В. longum Я3: 90%, 39% and 98%, respectively, of 

disrupted daidzin, glycitin and genistin, and 259%, 83% 

and 305%, respectively, of produced daidzein, glycitein, 

and genistein. 
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 Conclusions 

 During researches, a technological process was 

adjusted to obtain fermented soy product using lactic acid 

bacteria and bifidobacteria. Fermentative activity of stud-

ied cultures and biochemical changes in the fermentation 

process were studied. Biochemical and microbiological 

indexes of the target product were determined. 

 Thus, the studied consortia of probiotic cultures 

have been shown to develop actively on soy milk and to 

allow to obtain polycomponent functional ingredients. 

The obtained products contain high titers of probiotic 

cultures with predominance of bifidobacteria, have re-

quired acidity and high proteolytic, α-galactosidase and 

β-glycosidase activities. This allows to eliminate the in-

testinal discomfort after consuming such fermented soy 

products, to improve their chemical composition, availa-

bility, organoleptic properties, and to increase their es-

trogenic activity. 

 In the future, introduction of probiotic microor-

ganisms like L. plantarum B-578 with В. longum Я3 into 

soy extracts will provide production of functional prod-

ucts with high health-improving effects, especially im-

proving the microbial balance of human gastrointestinal 

tract. 

 The plans for the future include studying the 

stability in storage of these fermented soy products, se-

lecting storage duration and conditions, and manufactur-

ing forms that will preserve their probiotic properties and 

biological activity. 
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БІОТЕХНОЛОГІЯ СОЄВИХ БАГАТОКОМПОНЕНТНИХ  

ФУНКЦІОНАЛЬНИХ ІНГРЕДІЄНТІВ 
 

Анотація 

В матеріалах статі представлені аналітичні і науково-практичні результати  досліджень соєвих ба-

гатокомпонентних функціональних інгредієнтів. Соєвий екстракт (молоко) - цінне й недороге джерело білку 

та інших поживних і біологічно активних компонентів, таких як ліпіди, вітаміни, мінеральні елементи, ізоф-

лавони, флавоноїди, сапоніни та ін. Але присутність олігосахаридів, що не перетравлюються, і бобового смаку 

обмежує широке споживання соєвого молока. Відомо, що олігосахариди сої є пребіотиками для представників 

кишкової мікробіоти, зокрема пробіотичних мікроорганізмів, які гідролізують їх, завдяки синтезу ферменту α-

галактозидази. Ізофлавони називають фітоестрогенами, так як вони структурно і функціонально схожі на 

людський естроген, і рекомендують для профілактики багатьох видів гормонозалежних захворювань. У соєвих 
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бобах і неферментованих соєвих продуктах ізофлавони знаходяться в основному у вигляді біологічно неактив-

них глюкозідних кон'югатів. Біологічно активні аглікони соєвих ізофлавонів являють собою сполуки, які з соє-

вими продуктами засвоюються організмом людини швидше і в більш високих кількостях, ніж їх відповідні глю-

козиди. Передбачається, що представники кишкової мікробіоти грають важливу роль також в метаболізмі і 

біодоступності ізофлавонів, так як вони, завдяки синтезу β-глюкозидази, призводять до гідролізу глюкозідних 

компонентів, вивільняючи біодоступну і біологічно активну форму аглікона. У даній роботі було оцінено поте-

нціал певних штамів лактобацил і біфідобактерій синтезувати α-галактозидазу і β-глюкозидазу, відповідно 

знижувати кількість галактоолігосахаридів і здійснювати біоконверсію ізофлавонів в їх активні форми при 

зростанні в соєвому молоці. Паралельно вивчали профіль процесу ферментації соєвого молока пробіотиками, їх 

протеолітичну активність, накопичення молочної кислоти, тобто можливість виробництва поліфункціональ-

них ферментованих харчових продуктів на основі сої. 

Ключові слова: ферментація, соєве молоко, лактобацили, біфідобактерії, пробіотики, ізофлавони, 

α-галактозидаза, β-глюкозидаза. 
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