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Buguanu npomeonimuuny, o-2anaxmosudas-
Hy 1 P-earoxoszudaszny axmuenHocmi KoOHCOPUiYyMis
Lactobacillus acidophilus 317/402 3 Bifidobacterium
longum-A13 i Bifidobacterium adolescentis-C52 6 npo-
ueci pepmenmauii coesozo moaoxa. Bcmanosunu, wo
docnioxcyeani Kyaomypu mairomv axmueHi gepmerm-
Hi anapamu i 0onomazaiome MIHIMIZyeamu UUHHUKU,
Wo 06MedNcYomv BUKOPUCMAHHSA COEB020 MONOKA 0Js
supobHuymea Qynkuyionarvnux npooyxmie xapuyeai-
HA — npucymuicmo oaizocaxapuois, wio He nepempas-
arotomucs, i 60006020 cmaxy. 3a npomeonimuunoio
axmuenicmio, axa cmanoguna 30 mU uepe3 6 z00un
pepmenmauii, nioupyeas woncopuiym Lactobacillus
acidophilus 317/402 3 Bifidobacterium adolescentis-C52.
Haiioinvwmy o-2anaxkmosudasny i [B-znoxo3udasmny
axmuenocmi — 98 U/mg i 81 U/mg 6ionogiono — npo-
seaa6 xoncopuiym Lactobacillus acidophilus 317/402
3 Bifidobacterium longum-3. Ilpu yvomy Kinvkicmo
0aid3uny, eniyumuny i 2eHICMUHY 3HUNCYBANACH 610-
noeiono na 93 %, 75 % i 99,6 %, a xinvkicmo 6i0nogio-
Hux aenikonie 3pocmana na 278 %, 153 % i 338 %. Tooi
ax zasnaueni pepmenmni axmusenocmi Lactobacillus
acidophilus 317/402 3 Bifidobacterium adolescentis-C52
ne nepesuwyeanu 78 i 75 U/mg eionosiono, ma npo-
uyecu Oiompancopmauii izoaasonie twau Mmenut
inmencueno. Iloxazamno, wo 6 coesomy monoui op-
Myromoca neeni cumbiomuuni eézaemunu Mmixc oopa-
Humu wmamamu Oipido6axmepii ma auuooinvioro
naauuKol0, wo 0a€ MONCAUBICMb OMPUMYBAMU BUCO-
Ki mumpu npo6iomuvnHux Kyavmyp 6 20moeomy npo-
dyxmi, npunomy 3 nepeeazoro 6Gipidooaxmepiii. Yepes
9 200un pepmenmauii cepeons Kinvxicmo xaimun 6ii-
dobaxmepiii i raxmobayu no 060x KoHcopuiymax cma-
nosuna (0,9-2)-108 KYO/cm3 u (0,8—4)-109 KYO/cm3.
Zlosedeno nideuwenns npodiomuunoi ma ecmpazenioi
axmuenocmi pepmenmosanux Hanoie Ha ocHo8i coi npu
SHUNCEHHI KIbKOCMI 2anaxmoonizocaxapudie 6 cepeo-
nvomy na 50-70 %

Kntouosi cnosa: pepmenmauisn, coese monorxo, aax-
mobayunu, 6ipido6axmepii, npodiomuru, onizocaxapu-
ou, izopasonu, o-2anaxmosudasa, B-2moxosudaza
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1. Introduction

In recent years, increased attention has been paid to
public health, improving the quality of life, promoting
healthy lifestyles, as well as well-balanced diets. In turn,
this stimulates the development of the concept of population
health and prevention of aging of the body by incorporating
functional foods into the diet, including those containing
probiotic cultures [1-3].

A study of soybean composition shows that they are a
rich source of biologically active substances, many of which
are functional, thereby making soy processing products an
important part of functional foods and nutraceuticals [4, 5].
In addition, soy products contain a small amount of lipids,
especially saturated, they lack cholesterol, they have low
energy value, that is, they can be used in dietary nutrition.
An alternative solution is to use such products for people

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by/4.0)

with lactase deficiency and intolerance to milk protein.
Phytocomponents of soybeans could make it possible to
receive products with additional therapeutic and preventive
properties.

Soy products attract special attention not only as sources
of critical nutrients but also as active carriers of probiotic mi-
croorganisms, prebiotics, and synbiotics. The fermentation
of soy extracts (soy milk) with Lactobacillus and other ben-
eficial microorganisms makes it possible not only to improve
their nutrient component but also to strengthen it, enriching
with biologically active compounds.

The mechanism of therapeutic and preventive action of
probiotics is multifaceted and is predetermined not only by
the high content of viable cells, the accumulation of their
extracellular metabolites, which enhances the probiotic
effect, but also other positive effects on the health of con-
sumers. Today we already know about the ability of probiotic



microorganisms to reduce low-density lipoprotein (LDL)
cholesterol and symptoms of lactose intolerance, to increase
the bioavailability of mineral elements (in particular, calci-
um, magnesium, zinc) and isoflavones. In addition, they can
improve protein absorption, gut health, support the immune
system, demonstrate antioxidant, anti-carcinogenic, and
antihypertensive activity, etc. Clinical studies show that
they promote the reproduction of useful microbiota while the
metabolites produced in parallel reduce the risk of digestive
and cardiovascular diseases, as well as some cancers [2, 5-8].

New experimental data highlight the potentially positive
role of probiotics in multifactorial diseases, including those
caused by an unbalanced diet and abnormalities in healthy
lifestyles. Factors such as stress, overtime work, smoking,
combined with high-calorie and low-nutrient diets can lead
to weakening the body’s natural defenses and to distur-
bances of homeostatic mechanisms. This contributes to the
development of metabolic syndrome, which is a combination
of risk factors for cardiovascular diseases, such as abdom-
inal obesity, increased blood pressure, insulin resistance,
chronic pro-inflammatory processes of low gradations, and
prothrombotic changes [9].

Therefore, it is a relevant task, based on the interest
of consumers, to study the creation of new functional fer-
mented soy products, to study the biochemical processes
occurring during fermentation by probiotic microorganisms,
to investigate the composition and properties of finished
products.

2. Literature review and problem statement

To date, many technologies have been developed to pro-
duce soy products, in particular, fermented [10]. However,
soy-based products are generally consumed by the Asian
population, and their introduction to the European market
is limited by several factors — the bean taste and intestinal
dysfunction associated with the presence of indigestible
oligosaccharides. This problem can be solved by using soy
extract, fermented by lactic acid bacteria, which synthesize
a wide range of enzymes, including a-galactosidase [11, 12].
At the same time, it is important to monitor the strains of
lactic acid cultures for the ability to develop on soy milk,
giving the finished product the necessary organoleptic char-
acteristics, to accumulate a sufficient amount of lactic acid
and synthesize o-galactosidase.

In the last few decades, many studies have been conduct-
ed around the world on soy milk fermentation using various
strains of Lactobacillus, which are known to actively synthe-
size a-galactosidase. The fermentation processes of soy milk
derived from different varieties of soybeans by the cultures
of Lactobacillus plantarum, Lactobacillus acidophilus, Lac-
tobacillus brevis, Lactobacillus reuteri, Lactobacillus rham-
nosus, Lactococcus cremoris, and Lactobacillus casei were
investigated. It was established that all cultures reached
108 CFU/cm?3 after 24 hours of fermentation at 30 °C, which
is enough for a probiotic effect. In addition, all cultures have
shown good results in reducing the number of soy galactool-
igosaccharides, but only L. reuteri, L. brevis, and L. planta-
rum have caused a sufficient decrease in pH and an increase
in viscosity characteristic of the fermented product [5, 13].
Scientists have investigated different strains of Lactobacillus
for soy milk fermentation and obtained similar results. The
cultures developed well on soybean milk and accumulated

the biomass necessary for the probiotic effect, reducing the
number of soy oligosaccharides by 30-90 % as a result of
24 hours of fermentation but did not produce the desired
result in terms of the organoleptic indicators of the finished
product [14, 15]. In addition, the duration of the fermen-
tation process over 24 hours is significantly different from
the classical technologies for the production of fermented
products, the fermentation process of which is limited to
9-12 hours on average.

At present, the genus Bifidobacterium has become par-
ticularly popular in the manufacturing of probiotic products.
Some strains of Bifidobacterium are well known as probiot-
ics, which have a wide range of health-beneficial effects and
play an important role in the microbial ecology of the hu-
man gut. Sucrose, raffinoses, stachyose, proteins, vitamins,
and microelements contained in soy milk provide favorable
conditions for the development of Bifidobacterium, so many
authors use them to produce fermented soy products of the
probiotic direction. Note that there is very little information
in the literature about the properties of the Bifidobacterium
o-galactosidase enzyme [16]. Typically, Bifidobacterium
recycle glucose through the so-called “Bifidus pathway”,
which leads to high levels of acetic acid, which negatively
affects the taste-flavor of the finished product. This is a ma-
jor drawback of the use of these bacteria in the fermentation
system. There is no doubt that the molar ratio of milk and
acetic acids varies from species to species, even from strain
to strain, and depends on fermentation conditions. Most
often for soy milk fermentation, Bifidobacterium are used in
a consortium with lactic acid bacteria. As a result, products
are obtained with the number of lactic- and Bifidobacteri-
um cells sufficient for the probiotic effect, with a reduced
content of soy oligosaccharides; however, with not always
satisfactory organoleptic indicators [17].

Some scientists in the process of soy milk fermentation,
both with monocultures and the consortia of probiotic
microorganisms, focus on the study of their proteolytic
properties, the accumulation of biologically active peptides,
and the increase in antioxidase activity [12, 18]. In addition,
in the case of lactic acid bacteria, the authors report that
an increase in the number of nitrogen sources leads to an
increase in the concentration of lactic acid, hence the taste
of the product should be better [19].

Isoflavones belong to phytoestrogens, have a stabilizing
effect on the hormonal status of the human body, making
up for the lack of sex hormones or contributing to their less
production by competitive binding to cell receptors. They
also prevent hormone-dependent breast and prostate cancer,
prevent the onset of menopause symptoms, and premature
aging, especially in post-menopausal women. In addition, they
regulate the blood glucose content, prevent blood from enter-
ing cancer cells, thereby stopping their growth. They show
chemoprotective properties, contribute to the preservation of
bone tissue, reduce total cholesterol and LDL cholesterol, pre-
vent the occurrence of cardiovascular diseases, etc. [20, 21].
Therefore, studies of the estrogenic activity of fermented soy
products have become particularly popular in recent years.
They study the bioconversion of isoflavones in the process of
soy milk fermentation by lactic acid bacteria. They analyze the
synthesis and activity of B-glucosidase of the studied cultures
and, respectively, the hydrolysis of glucose conjugates of soy-
bean isoflavones with the formation of their aglycone forms.
Aglycones are biologically more accessible and absorbed by
the human body faster and in large quantities [22-24].



Thus, it has been shown that the fermentation of soy
extract by lactic acid bacteria contributes to the hydrolysis
of soy oligosaccharides, due to the synthesis of the enzyme
o-galactosidase, that is, eliminates bowel dysfunction when
using such products. It also helps overcome the taste of
beans. In addition, fermentation increases the digestibility of
nutrients, in particular proteins and minerals, improves the
bioavailability of isoflavones, activates the immune system,
lowers cholesterol, inhibits the development of pathogens in
the gut, etc. Thus, the fermented soy extract is a carrier of
the probiotic, antioxidant, protea, B-glucosidase, and o-ga-
lactosidase activities [5, 25].

However, previous studies have lacked a comprehen-
sive approach to examining all the metabolic changes that
occur in the soy milk fermentation by probiotic microor-
ganisms. Such an approach would minimize the limits of
soy consumption, while increasing the bioavailability and,
therefore, assimilation of all biologically active components
of the finished product. All this suggests that research into
the conversion of the soy milk, fermented by probiotic mi-
croorganisms, into a multi-component biologically active
functional food system, which has a comprehensive positive
impact on human health, is appropriate.

3. The aim and objectives of the study

The aim of this study is to obtain a soy fermented func-
tional drink with increased probiotic and estrogenic activity.

To accomplish the aim, the following tasks have been set:

—to study the fermentation process of soy milk by the
consortia of probiotic cultures;

—to determine the percentage of soy oligosaccharides
utilization by the Lactobacillus and Bifidobacterium during
soybean milk fermentation;

— to study the dynamics of the proteolytic activity of the
consortia of probiotic cultures in the soy milk fermentation;

— to study the bioconversion of isoflavones in the process
of soy milk fermentation by the cultures of Lactobacillus and
Bifidobacterium.

4. Materials and methods to study the profile of the soy
milk fermentation process by probiotic cultures

4. 1. The examined materials used in the study and the
methodology of the experiment

This work was performed using the following cultures from
the Museum of the Department of Biochemistry, Microbiology,
and Nutrition Physiology at the Odesa National Academy of
Food Technology: Bifidobacterium longum-Ya3, Bifidobacteri-
um adolescentis-C52, Lactobacillus acidophilus 317/402.

Soy milk was obtained from soy, which met the require-
ments of DSTU 4964:2008 “Soya. Specifications.”, accord-
ing to the technology that involves the following operations:
coy peeling, moisture-thermal treatment for 5 minutes at
120 °C, in 0.5 % solution Na,COj3 at hydro module 1:6, re-
moval of Na,COjs solution, disintegration, water extraction
at hydro module 1:5, filtration. Additional ingredients (salt,
sugar, vanilla) are recommended to give the soy extract more
pleasant taste indicators. The milk is then pasteurized at
90 °C °C for 15 minutes (a regime justified by the high pro-
tein content in soy milk), cooled to a temperature of 2-6 °C,
and stored no more than 36 hours [26].

This technology makes it possible to obtain a sweet,
pleasant-to-taste drink, of saturated white-cream color, with
a slight pleasant smell. Moisture-thermal treatment implies
the removal of foreign substances from soybeans that give
foreign flavors and odors (for example, lipoxygenase), as well
as anti-nutrient factors such as phytates, trypsin and lectin
inhibitors. During water extraction, the milk is entered with
mainly water-soluble components of soybeans, as well as soy
polysaccharides, partially, poorly soluble in water, and other
components.

Restoration of Bifidobacterium and Lactobacillus aci-
dophilus cultures, stored in the museum of the Department
of Biochemistry, Microbiology, and Nutrition Physiology
in a lyophilized form, was carried out as follows. The lyo-
philized culture was converted into a suspension using the
appropriate sterile liquid medium — MRS for Lactobacillus
acidophilus and corn-lactose medium with neomycin for
Bifidobacterium. After careful mixing, the suspension was
introduced into the environment of the same composition
and incubated for 1-3 days at a temperature of (37£1) °C.
Next, we identified and tested the purity of the obtained
sourdough cultures, determining their morphological, cul-
tural, biochemical properties. In addition, we determined
the concentration of cells in sourdough and calculated its
required quantity, based on the calculation that the initial
concentration of probiotic microorganisms in the mixture is
at least 108 CFU/cm3. The process of soy milk fermentation
was carried out at a temperature of 37 °C.

Accounting for the titer of cultures was carried out by
sieving ten-fold dilutions of the product in special elective me-
dia for Bifidobacterium and Lactobacillus — corn-lactose medi-
um with neomycin and MRS, respectively. After the thermo-
setting of cultures at a temperature of (37£1) °C for 48 hours,
the characteristic colonies were counted. In addition to the
cultural attributes of the received colonies, we studied the
morphology of the microorganisms that formed them.

Changes in active acidity were controlled in the soy
milk fermentation process every 3 hours using a pH-meter.
The activity of acid formation of the samples studied was
determined by a titrimetric method also every 3 hours. We
titrated 0.1 M NaOH in the presence of phenolphthalein as
an indicator. The titrated acidity was calculated from the
following formula:

°T = Ax K x10, @)

where A is the number of milliliters of 0.1 M NaOH, used
for the titration of 10 cm? of cultural fluid; K is the titration
coefficient for 0.1 M of hydroxide sodium solution; °T is the
conditional value expressed in Turner’s degrees.

4. 2. Methods of experimental study of the enzymatic
activity of probiotic cultures and the product’s biochem-
ical indicators

In unfermented soy milk, as well as after fermentation,
carbohydrates were separated by highly effective liquid chro-
matography (HELC). The eluent consisted of 75 % acetoni-
trile and 25 % distilled water and was maintained at a flow
rate of 1 ml/min isocratically. The volume of injection of
20 ml was used for both samples and standards. The time of
holding the standards for raffinose, stachyose, and sucrose
was 11.4, 19.1, and 7.8 minutes, respectively. Standard solu-
tions of raffinose (2.53 g/100 ml), stachyose (2.03 g/100 ml),
and sucrose (2.53 g/100 ml) were used to make a standard



calibration curve. The concentration of oligosaccharides was
determined based on a standard curve and expressed in milli-
grams of sugar per 100 ml of soy milk [27].

The extraction of sugars for this purpose was carried out
using a method described earlier [28] with some modifica-
tions: to remove the protein, 3 ml of each sample was cen-
trifuged at 14,000xg for 30 minutes, followed by filtration
using a membrane filter of 0.20 pm.

The amount of lactic acid was determined by the titri-
metric method, followed by a recalculation [29].

The proteolytic activity of sourdough cultures on soy-
bean milk was controlled based on the dynamics of amine
nitrogen during the fermentation process, which was de-
termined by the colorimetric method, as well as by the ac-
cumulation of free groups of NHj, which were measured by
the method of o-phthalic dialdehyde. To determine the free
groups of NHs, 100 pl of the sample of fermented soy milk
was added to 750 pl of o-phthalic dialdehyde, it was aged
for 2 minutes at room temperature, and then we measured
the optical density of the solution with a spectrophotometer
at 340 nm. The proteolytic activity was defined as the ab-
sorption of free amino groups, measured at 340 nm. The rel-
ative degree of proteolysis was determined as the difference
between the proteolytic activity in fermented soy milk and
the activity of unfermented milk [30, 31].

To determine the a-galactosidase and B-glucosidase activ-
ity, the samples were selected every three hours for 12 hours of
soy milk fermentation by probiotic cultures. They were then
centrifuged at 4,000xg (4 °C) for 30 minutes to produce extra-
cellular enzyme extracts, which were analyzed for the activity
of both enzymes in accordance with the method described in
[28]. To this end, 60 ul of extracellular enzyme extract was
mixed with 120 pl of 5mM of the corresponding specific
substrates pNPoGal (p-nitrophenyl-a-D-galactopyranoside)
or pNPBGlu (p-nitrophenyl-B-D-glucopyranoside) and incu-
bated at 37 °C for 30 minutes. The reaction was stopped by
the addition of 120 pl of cold 0.2 M sodium carbonate. The
amount of the released p-nitrophenol was measured using a
spectrophotometer at 405 or 420 nm, respectively, using a cal-
ibration linear method, obtained with n-nitrophenol under the
same conditions. We adopted, as a unit of enzyme activity, the
amount of enzyme, which is released by one micromole of p-ni-
trophenol from the substrate pNPG per

column made by Separon (Czechoslovakia), which has a re-
turn phase and a moving phase — water and a polar solvent
(methanol) in the gradient of concentration 30-90 %, respec-
tively, as well as the UV detector. The registration of output
components was conducted at 220 nm [32, 33].

5. Research results

5. 1. Examining the profile of the soy milk fermenta-
tion process by the Lactobacillus and Bifidobacterium
consortia

In the process of fermentation, changes in the active,
titrated acidity, and the number of cells of probiotic micro-
organisms (Fig. 1) were controlled.

The results of our study show a radical change in the com-
petitive relationships between the lactic and Bifidobacterium
at joint cultivation on soybean milk in comparison with the
development of a given consortium on cow’s milk. It is known
that Lactobacillus acidophilus, when growing on cow’s milk,
manifests itself as a strong and fast acid-forming agent, lead-
ing the process of fermentation along the homo-fermenting
path. At the same time, it accumulates 90 % of lactic acid;
milk is fermented in 3-5 hours, the threshold acidity, in this
case, can reach 200-250 °T. For Bifidobacterium, milk is not
a natural habitat; they develop very slowly in it. The main
reasons for this are dissolved oxygen, the ability to absorb ca-
sein only after its partial hydrolysis, low phosphatase activity,
etc. In addition, Bifidobacterium do not develop at the pH of
a medium below 4.5, so do not compete with Lactobacillus
acidophilus when co-cultivated in cow’s milk.

The rate of growth of titrated acidity and the reduction
of active one in different phases of the fermentation process
in cow’s and soy milk is different. When cultivating sym-
biotic sourdough on cow’s milk, the adaptation phase lasts
about 6 hours, then the acidity builds up, which is intensi-
fied towards the end of the fermentation process. In a given
case, the fermentation process involves mainly Lactobacillus,
Bifidobacterium develop only at the initial stage, and then
their growth slows down due to unfavorable medium condi-
tions: increased acidity, the lack of growth factors, the lack
of energy material.

milliliter per minute under the appropriate 11 T_ 10
conditions. Specific activity was expressed
in units (U) of the activity of both enzymes 10 L L
per milligram of protein [14, 32]. ?
Isoflavones were extracted by water
solutions of polar solvents. The polar sol- 9 T+ 8

vents used were 70 % water solution of
ethanol or 80 % water solution of meth-
anol. The duration of extraction varies
from 2 to 24 hours and depends on the
temperature, which can range from room
to 80 °C. However, as some authors claim,
high extraction temperatures are undesir- 6
able because they increase the likelihood of
hydrolysis of the bonds of complex carbo-
hydrate esters, which, in turn, can lead to a 5
significant change in the output of isomeric
composition of isoflavones [32, 33].

The isoflavones were quantified at
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the gas-liquid chromatographer “Knauer”
(Germany) with the SGX-Cig (3%250 mm)

Fig. 1. The profile of soy milk fermentation by Lactobacillus
acidophilus 317 /402 together with Bifidobacterium at 37 ° C



When developing on soy
milk, the adaptation of probiot-
ic cultures takes 3.0-3.5 hours,

Table 1

Utilization of soy oligosaccharides by the cultures of Lactobacillus and Bifidobacterium

the entire fermentation process

lasts 8-12 hours, depending on

the clot’s organoleptic indicators

(acidity, density, viscosity, etc.).
Thus, after 12 hours of fer-

mentation, pH is on average

5.0-5.2, the maximum titrat-

ed acidity is 53-58 degrees °T.

Such indicators indicate a
softer and gentler taste of the

finished product and the pos-
sibility of prolonging the shelf

life of fermented soy prod-

ucts while maintaining their

probiotic properties (Fig. 1).
It is shown that certain

symbiotic relationships be-

tween selected strains of Bi-
fidobacterium and acidophi-
lus bacilli are formed in soybean milk, which makes it
possible to obtain the high titers of probiotic cultures
in the finished product, and with the predominance of
Bifidobacterium. Thus, when using the combination of
Lactobacillus acidophilus 317/402 with Bifidobacterium
longum-Ya3, after 9 hours of fermentation, the num-
ber of cells was, respectively, (8—10)-107 CFU/cm?® and
(7-9)-108 CFU/cm?®, for the case of combining Lactoba-
cillus acidophilus 317/402 with Bifidobacterium adoles-
centis-C52 — (1-3)-108 CFU/cm?® and (2-5)-10° CFU/cm?
(Fig. 1) With further cultivation, the number of cells of
the probiotic cultures slightly increased and entered a
stationary phase.

5. 2. Determining the utilization of soy oligosaccha-
rides by the Lactobacillus and Bifidobacterium cultures
in the process of soy milk fermentation

One of the prerequisites for the development of lactic
acid bacteria is the presence of a source of easily uti-
lized energy — carbohydrates. Soy milk contains about 3 %
of carbohydrates. The carbohydrate composition of soy
milk is represented mainly by galactooligosaccharides —
raffinose (1.5 %), stachyose (4.3 %), and sucrose (4.5 % re-
calculated for the dry matter).

This carbohydrate composition is a natural medium
for the development of Bifidobacterium as they can syn-
thesize, in significant quantities, o-galactosidase, hydro-
lyzing soy oligosaccharides, but not sufficient for Lac-
tobacillus acidophilus. Therefore, of interest is to study
the utilization of sugars and the accumulation of lactic
acid in the process of soy milk fermentation. Table 1 gives
data on the utilization of soy oligosaccharides, stachyose,
raffinose, and sucrose, by the cultures of Lactobacillus
and Bifidobacterium, after 10 hours of fermentation. It
should be noted that the calculation of oligosaccharides
in the fermented products was performed on the basis of
recalculating for 14 % of dry matter.

In the process of cultivating probiotic cultures, the main
products of metabolism are organic acids, especially lactic and
acetic. The average values of the accumulation of lactic acid by
sourdough microorganisms in the fermentation process of soy
milk in comparison with cow’s milk are shown in Fig. 2.

Culture used Before fermentation | After fermentation | Decrease percentage
Stachyose, % per dry matter
L. acidophilus 4.0+0.2 7
B. adolescentis 2.06+0.1 52
4.3%0.2
B. longum 1.89+0.09 56
L. acidophilus+B. adolescentis 2.02+0.1 53
Raffinose, % per dry matter
L. acidophilus 1.28+0.06 15
B. adolescentis 0.69+0.03 54
B. longum 1.5+0.08 0.41+0.02 73
L. acidophilus+B. adolescentis 0.44+0.02 71
Sucrose, % per dry matter
L. acidophilus 1.98+0.1 56
B. adolescentis L5402 4.14%0.21 8
B. longum 4.05%0.2 10
L. acidophilus+B. adolescentis 1.85+0.09 59
2
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Fig. 2. The accumulation of lactic acid by sourdough
microorganisms in the process of fermenting cow’s
and soy milk

3. 3. Studying the dynamics of the proteolytic activ-
ity of the consortia of probiotic cultures in the soy milk
fermentation

When making dairy products, one of the most important
criteria in the selection of sourdough cultures is their proteo-
lytic activity. This is one of the most important properties of
lactic acid bacteria, characterizing their ability to break down
milk proteins with the formation of simpler nitrogen-contain-
ing compounds — peptones, peptides, free amino acids, etc.
Most lactic acid bacteria are characterized by a high need for
growth factors such as peptides and amino acids, and the raw
material does not contain enough of them to ensure the de-
sired growth of sourdough cultures. Consequently, lactic acid
and Bifidobacterium have a complex system of proteinases
and peptidases that make it possible for them to use milk or
soy protein as a source of amino acids and nitrogen. Different
types of lactic acid microorganisms have different proteolytic
activity, and even within one species, there are strains that
differ from each other in this attribute. Lactobacillus bulgari-
cus and Lactobacillus acidophilus are the leading ones among
lactic acid bacteria in this attribute [34, 35]. There is also
evidence of a high enough proteolytic activity of Bifidobacte-
rium, the exception being the genus B. bifidum, which almost
does not hydrolyze the protein [36, 37].



The proteolytic activity of sourdough cultures on soy
milk, in addition to the ability to release free NHjg groups,
was also controlled based on the dynamics of the amount of
non-protein nitrogen during fermentation. Before fermenta-
tion, soybean milk contained about 4.5 mg/ml of non-pro-
tein nitrogen. After 3—4 hours of fermentation, its amount
decreased by an average of 35-40 %, and then the change in
the amount of amine nitrogen in the mixture depended on the
strain of Bifidobacterium included in the sourdough (Fig. 3).

3. 4. Studying the quantitative and qualitative bio-
conversion of isoflavones in the process of soy milk
fermentation by the cultures of Lactobacillus and Bi-
fidobacterium

Isoflavones are part of the diphenol compounds, they
are called phytoestrogens as they are structurally and
functionally similar to estradiol, human estrogen, but much
less potent. Due to this similarity, there is a large body of
research on the preventive effects that soy isoflavones have

on many types of hormone-dependent diseases

8

[38]. Only twelve forms of isoflavones, which
30 are found in four chemical forms, were isolated

from soybeans and their processing products.
They include three loose forms called agly-

Amine nitrogen, mg/cm?
(9]
|
|
|
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Fig. 3. The dynamics of proteolytic activity and the amount of amino
nitrogen during soy milk fermentation by the culture Lactobacillus
acidophilus 317 /402 in combination with Bifidobacterium

Isoflavone glycosides

daidzin
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} amine nitrogen, mg/cm>

cones (genistein, daidzein, and glycitein), and

20 3 conjugated forms with each aglycon called

:é glucosides. Conjugated forms have an addition-

al glucose component, which may not contain

10 other groups (B-glucosides, namely genistein,

daidzein, and glycitein) or may be associated

with either the acetyl group (6”-O-acetylgluco-

0 sides) or with a malonyl group (6”-O-malonyl

14 glucosides). Thus, in soybeans and unfermented

soy products, isoflavones are mainly in the form

of biologically inactive glycoside (or glucoside)

conjugates, which make up 80 to 95 % of their

total content. Biologically active, estrogen-like,

isoflavone compounds are the aglycone config-

urations of genistein, daidzein, and glycitein,

which are absorbed by the human body faster

and in higher amounts than their respective
glucosides (Fig. 4).
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It is assumed that the rep-
resentatives of the intestinal
microbiota play an important
role in the metabolism and

Table 2

Quantitative and qualitative bioconversion of isoflavones in the process of soy milk
fermentation by the cultures of Lactobacillus and Bifidobacterium

bioavailability of isoflavones, Fermen- Amount of isoflavones, pg/100 g dry sample

S 1 tati _
as they, due t(? the synthe- ampie ti?nlemﬁ Daidzein Gly Genistein | Daidzein | Glycitein | Genistein
sis of B-glucosidase, lead to ’ citein
the hydrolysis of glucosides Soy milk 0 | 1,333%65 | 29114 | 1,568+77 | 33515 | 15747 | 508+24
components, re]easing a bio- Soy milk, fermented by 9 12316 13316 150.7 1,242461 | 354+17 |2,163+107
available and biologically ac- L;;if%‘;ﬁ”ﬂ -71?;!;)2 12 91x4 | 7243 | 6x03 | 1,267+62 | 398+19 |2,224%110
tive form of aglycone [42]. - long
The methods of enzymatic Soy milk, fermented by 9 198+9 190+9 48+2 1,051+51 | 23311 | 1,905+94

. . . L. acidophilus 317 /402

transformation using micro- | 4 Zzglzgﬁnﬁf_ oo | 12| 127#6 | 1788 | 26+1 | 120459 | 287+13 |2,058+101

bial glucosidases have great
potential for the production
of biologically active aglycones through the hydrolysis of sugar
fragments of various glycosides in food products. It is known
that the genus Bifidobacterium and Lactobacillus contain many
glycosyl hydrolases, such as amylase, o- and B-glucosidase, o-
and B-galactosidase, o-L-fucosidase, o-L-arabinofuranosidase,
and B-fructofuranosidase. These enzymes play a major role in
the intestinal hydrolysis of various oligosaccharides, polysac-
charides, and glycoconjugate phytochemicals, including isofla-
vone glucosides, whose transformation into bioactive aglycon
forms requires B-glucosidase [24, 31, 40].

When studying the dynamics of quantitative and qual-
itative changes in the composition of soy glucosides and
aglycones, a correlation with the dynamics of B-glucosidase
activity in the process of fermentation of soybean milk by the
selected cultures (Table 2) has been established.

6. Discussion of results of studying the enzymatic activity
of Lactobacillus and Bifidobacterium in the process of
soy milk fermentation

100

In soy milk, the process of adaptation
of symbiotic sourdough is shorter and is

80

60

3.0-3.5 hours. The active growth phase of
sourdough microorganisms occurs earlier and
lasts 6—7 hours, then the rate slows down

40

in contrast to the cultivation on cow’s milk
(Fig. 1). At the same time, Bifidobacterium are
mainly involved in the fermentation process.

20 1

The rate of their growth in the logarithmic
phase is much higher compared to the growth

rate of Lactobacillus. This can be explained by
the presence of various growth stimulants and
prebiotics in soybean milk, which activates the

0 3 6 9 12
Fermentation time, hours

BN L. acidophilus + B. adolescenti
mmm L. acidophilus + B. longum

—+—L. acidophilus + B. adolescenti} B-glucosidase activity, (B-Glu)

——L. acidophilus + B. longum

Fig. 5. The dynamics of B-glucosidase and o-galactosidase activity of
probiotic cultures at joint cultivation in soybean milk at 37 °C

The B-glucosidase activity of the consortia of Lactobacil-
lus and Bifidobacterium was determined during the fermen-
tation of soy milk at 37 °C every 3 hours (Fig. 5).

Of particular interest were the changes in the number
of isoflavones and aglycones in the process of soy milk fer-
mentation by the selected cultures. The results are given
in Table 2. The number of isoflavones and aglycones in the
original soybean milk and after 9 and 12 hours of fermenta-
tion by sourdough cultures was determined. The duration of
fermentation is chosen on the basis that the necessary fer-
mentation time is 9 to 12 hours to obtain the finished drink,
depending on the desired consistency.

a-galactosidase activity, (a-Gal)

15 growth and development of bifidoflora (Fig. 1).
This ratio of Lactobacillus and Bifidobac-
terium in the development in soy milk can be
explained as follows. Lactobacillus acidophilus
is known to ferment amygdalin, cellobioses,
fructose, glucose, galactose, lactose, maltose,
salicin, sucrose, and trehalose. Some strains
ferment glycogen (usually weakly), as well as
melibioses and/or raffinose. It is also known
that lactic acid bacteria can change their clas-
sic saccharolytic pathway depending on the
sugars present in the medium. They show con-
siderable proteolytic and lipolytic activities. Their growth
requires the presence of acetate or mevalonic acid, ribofla-
vin, calcium pantothenate, niacin, and folic acid, do not need
the additions of thiamine, pyridoxal, thymidine, and vitamin
Bis (cyanocobalamin) [43, 44].

The culture B. longum is isolated from the feces of an
adult and infants. The range of hydrolyzed sugars includes
lactose, galactose, sucrose, fructose, maltose, stachyose,
raffinose, ribose, xylose, and other sugars. This indicates
the presence of a wide range of saccharolytic enzymes in
a given culture, including o- and B- galactosidase. For its
development, it requires the presence in the environment



of cultivation of such free amino acids as cysteine, proline,
serine, alanine, as well as nicotine and folic acids. It has good
proteolytic activity [37]. Thus, soy milk has enough easily
utilized energy sources for the development of B. longum
and, therefore, in cases of combining this culture with Lac-
tobacillus acidophilus, it develops more actively.

The culture B. adolescentis is isolated from adult feces, it
has the most active saccharolytic properties among all types
of Bifidobacterium, can absorb a wide range of carbohydrates
and even polysaccharides. It requires for its development the
presence in the nutrient environment of riboflavin, pyridox-
ine, thiamine, calcium pantothenate, nicotinic acid, alanine,
lysine, serine, proline, glutamic and aspartic acids. At the
same time, it has a high proteolytic activity [35, 37]. It was
established that this culture develops best in soy milk while
suppressing the growth of Lactobacillus acidophilus.

We studied the carbohydrate composition of soy milk
before and after fermentation (Table 1). It was noted
that L. acidophilus almost did not utilize stachyose; we
reduced the amount of raffinose by 15 % and sucrose — by
56 %. This was indicative of the lack of synthesis of a-galac-
tosidase by this culture.

Both species of Bifidobacterium showed a high enough
o-galactosidase activity. Fermenting the soy milk with
B. adolescentis for 24 hours led to the complete hydrolysis
of oligosaccharides. The highest a-galactosidase activity
was shown by B. longum — over 10 hours of fermentation, at
achieving the pH of 5.2, there was a decrease in the amount
of raffinose and stachyose by 73 % and 56 %, respectively.
B. adolescentis were slightly worse at the utilization of oli-
gosaccharides, reducing their amount by 54 % and 52 %,
respectively. In addition, the results of the utilization of soy
galactooligosaccharides were confirmed by studying the
dynamics of a-galactosidase activity of probiotic cultures at
joint cultivation on soybean milk, shown in Fig. 5. At both
combinations of L. acidophilus with B. adolescentis and L.
acidophilus with B. longum, their o-galactosidase activity
increased rapidly over 12 hours of cultivation. At the same
time, after the passage of the lag phase, the phase of adapta-
tion, the enzymatic activity of L. acidophilus with B. longum
exceeded the activity of L. acidophilus with B. adolescentis
by 20 % or more (Fig. 5).

In addition, Bifidobacterium can utilize -1,2-glycoside
bonds in the sucrose molecule. As shown by data in Table 1,
when B. adolescentis was cultivated, the amount of sucrose
decreased by 8 %, and at the cultivation of B. longum by 10 %.

Thus, it should be noted that when soy milk is fermented
by sourdoughs containing Bifidobacterium, it significantly
reduces the number of galactooligosaccharides, that is, the
possibility of discomfort in the intestines, bloating, flatu-
lence for consumers is significantly reduced. At the same
time, soy galactooligosaccharides are prebiotics that stim-
ulate the growth and development of both Bifidobacterium
sourdough and the beneficial intestinal microbiota.

In our study, we noted a significant difference in the
accumulation of lactic acid by sourdough microorganisms in
the fermentation of cow and soy milk at a slight difference
in their acidity. This can be explained by the composition of
sourdoughs, the lack of easily utilized sugars in soy milk, as
well as the way in which Lactobacillus and Bifidobacterium
conduct the process of sugar conversion (Fig. 2). L. acidoph-
ilus is an active acid-forming agent, conducts the fermenta-
tion process by the glycolytic pathway, in which the main
metabolite is lactic acid. Bifidobacterium ferment sucrose,

glucose, fructose, stachyose, maltose, galactose, lactose by
a bifid bridge with the formation of mainly acetic and lactic
acids in the molar ratio of 3:2, they can also form acetate and
formate [35]. And since the joint cultivation on soy milk is
dominated by Bifidobacterium, the rapid increase in acidity
is accompanied by a slight accumulation of lactic acid.

According to our data, the proteolytic activity of the
examined cultures in the soy milk fermentation depends on
the strain and duration of fermentation. However, both com-
binations of probiotic cultures reached maximum proteolytic
activity after 6 hours of soy milk fermentation, which later
began to decrease slightly. And after 12 hours of fermenta-
tion, it was 80 % of the maximum value for Lactobacillus ac-
idophilus 317/402 and Bifidobacterium adolescentis-C52 and
70 % — for Lactobacillus acidophilus 317/402 with Bifidobac-
terium longum-Ya3. This is confirmed by the dynamics of the
amount of amine nitrogen (Fig. 3).

Over 4 to 6hours of soy milk fermentation by the
cultures Lactobacillus acidophilus 317/402 with Bifido-
bacterium longum-Ya3, the amount of amino nitrogen does
not change. And then, at fermentation hour 8, it starts to
increase; by the end of the process, it is about 125 % of the
original value. When using symbiotic sourdough, which
includes Lactobacillus acidophilus 317/402 and Bifidobacte-
rium adolescentis-C52, the amount of amine nitrogen begins
to increase within 5 hours from the onset of the fermentation
process. After 7 hours, the amount of amine nitrogen equals
the original value, and after 12 hours is more than 150 % of
the original amount (Fig. 3). This distinguishes B. adoles-
centis among other Bifidobacterium strains studied as the
strain with the greatest proteolytic activity. Thus, the high
proteolytic activity of Bifidobacterium, in addition to their
ability to metabolize soy oligosaccharides, explains their
active growth and development on soy milk.

It can be stated that the correlation between the culture
growth and their proteolytic activity shows the positive
effect of the soy protein proteolysis process on the accumu-
lation of biomass by Lactobacillus acidophilus 317/402 and
Bifidobacterium adolescentis-C52.

Our study has shown that the -glucosidase activity
of both consortia increased rapidly from the first hours of
fermentation (Fig.5). In this case, we observed the most
intense activity at the joint cultivation on soybean milk of
Lactobacillus acidophilus 317/402 with Bifidobacterium
longum-Ya3, it reached its maximum after 6 hours and
amounted to 81 U/mg of soy protein. Next, the -glucosidase
activity slowly decreased and, after 12 hours of fermenta-
tion, was 63 U/mg of soy protein. The -glucosidase activity
of the consortium of Lactobacillus acidophilus 317/402 with
Bifidobacterium adolescentis-C52 increased more slowly
and reached its maximum after 9 hours of cultivation on
soybean milk (75 U/mg of soy protein). Then it also began to
decrease and, on hour 12, was 66 U/mg of soy protein. Thus,
one can see that the increase and decrease in the -glucosi-
dase activity of both consortia during the fermentation of
soybean milk corresponded to the exponential and station-
ary phases of development, respectively (Fig. 5).

We analyzed changes in the number of isoflavone gluco-
sides and aglycones in the process of soy milk fermentation
by the selected cultures (Table 2). It was revealed that the
decrease in the content of isoflavone glucosides and the
increase in the number of related aglycones coincided with
an increase in the -glucosidase activity in the fermentation
process of soybean milk by certain cultures. Over 12 hours



of soy milk fermentation by L. acidophilus 317/402 with B.
longum-Ya3, the amount of daidzein, glycitein, and genistein
decreased by 93 %, 75 %, and 99.6 %, respectively. At the
same time, the number of relevant aglycones increased by
278 %, 153 %, and 338 %. When fermenting soy milk by L.
acidophilus 317/402 with B. adolescentis-C52, the process
of biotransformation of soy isoflavone glucosides into agly-
cones was less intense. This can be explained by the fact that
the maximum of B-glucosidase activity is reached by these
cultures only at hour 9 of the fermentation, while L. acidoph-
ilus 317/402 with B. longum-Ya3 reach it after 6 hours. In ad-
dition, the B-glucosidase activity of L. acidophilus 317/402
with B. longum-Ya3 is 8 % higher than that of L. acidophilus
317/402 with B. adolescentis-C52. However, within 12 hours
of soy milk fermentation by L. acidophilus 317/402 with B.
adolescentis-C52, the number of transformed glucosides into
the corresponding aglycons was closer to the results of the
biotransformation of their opponents. Thus, 90 %, 39 %, and
98 %, respectively, of daidzin, glycitin, and genistin were
destroyed; with 259 %, 83 %, and 305 %, respectively, of
daidzein, glycitein, and genistein formed.

The main purpose of the current study was to obtain a soy
fermented functional drink, which, first, would be accept-
able to consumers in terms of its organoleptic indicators and
contain a minimum amount of soy galactooligosaccharides,
which could lead to discomfort in the intestines. Second, we
wanted to get a product with increased probiotic and estro-
genic activity. The solution to the problem was approached
comprehensively, so we confined ourselves to 9-12 hours of
soy milk fermentation, taking into consideration the costs
of production capacity (the process of fermenting sour-milk
drinks takes, on average, 6 to 12 hours). The duration of
the fermentation process depends on the desired consumer
properties of the finished product (acidity, density, viscos-
ity, etc.). Further continuation of the fermentation process
beyond 12 hours was unacceptable as the product obtained
was not satisfactory in terms of its organoleptic indicators.

However, the current study could be advanced by pro-
longing the fermentation process of soy milk and by investi-
gating the enzymatic activity of the selected cultures, aim-
ing to obtain poly- or mono-component dietary supplements
with enhanced probiotic and estrogenic activity.

7. Conclusions

1. It was established that, when developing on soy milk,
the adaptation of probiotic cultures takes 3.0-3.5 hours, the
entire fermentation process lasts 8—12 hours depending on
the clot’s organoleptic indicators (acidity, density, viscosity,
etc.). Thus, after 12 hours of fermentation, pH is, on average,
5.0-5.2, the titrated acidity is 53—58 °T. Such indicators tes-
tify to a softer and gentler taste of the finished product and
to the possibility of prolonging the shelf life of fermented soy
products while maintaining their probiotic properties. It has
been shown that certain symbiotic relationships between the
selected strains of Bifidobacterium and Lactobacillus aci-
dophilus are formed in soybean milk, which makes it possible
to obtain the high titers of probiotic cultures in the finished
product, and with the predominance of Bifidobacterium.
Thus, after 9 hours of fermentation, the average number of
Lactobacillus and Bifidobacterium cells for both consor-
tia was (0.9-2)-108 CFU/cm® and (0.8-4)-10° CFU/cm?,
respectively. With further cultivation, the number of cells of

probiotic cultures increased slightly and entered a stationary
phase.

2. We studied the carbohydrate composition of soy milk
before and after fermentation. It was noted that L. acidoph-
ilus almost did not utilize stachyose, reduced the amount of
raffinose by 15 %, and by 56 % — sucrose. This was indicative
of the insufficient synthesis of o-galactosidase by a given
culture.

Both species of Bifidobacterium showed a high enough
o-galactosidase activity. B. longum over 10 hours of fermen-
tation, at achieving the pH of 5.2, led to a decrease in the
amount of raffinose and stachyose, by 73 % and 56 %, re-
spectively. The oligosaccharides were slightly worse utilized
by B. adolescentis, reducing their amount by 54 % and 52 %,
respectively. The results of the utilization of soy galactool-
igosaccharides were confirmed by studying the dynamics
of the a-galactosidase activity of probiotic cultures when
co-cultured on soy milk. The a-galactosidase activity of both
combinations of L. acidophilus with B. adolescentis and L.
acidophilus with B. longum rapidly increased throughout all
12 hours of cultivation. Moreover, after passing through the
adaptation phase, the enzymatic activity of L. acidophilus
with B. longum exceeded the activity of L. acidophilus with
B. adolescentis by 20 % or more. The maximum values of the
o-galactosidase activity of both consortia were 98 U/mg
and 78 U/mg, respectively.

Thus, it was established that the soy milk fermentation
by sourdoughs containing Bifidobacterium significantly
reduces the amount of galactooligosaccharides, that is, the
possibility of discomfort in the intestines, bloating, flatu-
lence for consumers is significantly reduced.

3. We have studied the dynamics of the proteolytic activ-
ity of the consortia of Lactobacillus and Bifidobacterium. A
correlation between cultures’ growth and their proteolytic
activity has been established, which shows the positive effect
of the soy protein proteolysis process on the accumulation of
biomass by probiotic cultures. Both consortia reached the
maximal proteolytic activity (30 and 24 mU) after 6 hours
of soy milk fermentation, which later began to decline slight-
ly. The consortium of Lactobacillus acidophilus 317/402 with
Bifidobacterium adolescentis-C52 was the leader in proteo-
lytic activity. After 12 hours of fermentation, the proteolytic
activity was 80 % of the maximum value for Lactobacillus
acidophilus 317/402 and Bifidobacterium adolescentis-C52
and 70 % — for Lactobacillus acidophilus 317/402 with Bi-
fidobacterium longum-Ya3. The dynamics of amine nitrogen
in the soy milk fermentation process was also determined;
the results indicate that B. adolescentis-C52 is the strain
with the greatest proteolytic activity. With the use of sym-
biotic sourdough, which includes Lactobacillus acidophilus
317/402 and Bifidobacterium adolescentis-C52, the amount
of amine nitrogen begins to increase within 5 hours of the
onset of the fermentation process. After 7 hours, the amount
of amine nitrogen equals the original value and, after
12 hours, it is more than 150 % of the original amount. Thus,
the high proteolytic activity of Bifidobacterium, in addition
to their ability to metabolize soy oligosaccharides, explains
their active growth and development on soy milk.

4. The bioconversion of isoflavones in the process of fer-
mentation of soybean milk by the cultures of Lactobacillus
and Bifidobacterium was studied in parallel with the dy-
namics of the B-glucosidase activity. The results showed that
the decrease in the content of isoflavone glucosides and the
increase in the number of related aglycones coincided with



an increase in the B-glucosidase activity in the fermenta-
tion of soybean milk by certain cultures. Over 12 hours of
soy milk fermentation by L. acidophilus 317/402 withc B.
longum-Ya3, the amount of daidzin, glycitin, and genistin
decreased by 93 %, 75 %, and 99.6 %, respectively. At the
same time, the amount of related aglycones increased by
278 %, 153 %, and 338 %. When fermenting soy milk by
L. acidophilus 317/402 ¢ B. adolescentis-C52, the process
of the biotransformation of isoflavone glucosides of soy
into aglycones was less intense. This can be explained by
the fact that the maximum of the B-glucosidase activity
(75 U/mg) is reached by these cultures only on hour 9
of the fermentation, while L. acidophilus 317/402 with
B. longum-Ya3 reach the maximum value of activity
(81 U/mg) after 6 hours. In addition, the B-glucosidase
activity of L. acidophilus 317/402 with B. longum-Ya3 is
8 % higher than that by L. acidophilus 317/402 with B.

adolescentis-C52. However, within 12 hours of soy milk
fermentation by L. acidophilus 317/402 with B. adoles-
centis-C52, the number of transformed glucosides into the
corresponding aglycones was closer to the results of the
biotransformation of their opponents. Thus, 90 %, 39 %,
and 98 %, respectively, of daidzin, glycitin, and genistin
were destroyed; with 259 %, 83 %, and 305 %, respective-
ly, of daidzein, glycitein, and genistein formed. Further,
the B-glucosidase activity of both consortia decreased.
Thus, it is clear that the increase and decrease in the
B-glucosidase activity of both consortia during the fer-
mentation of soybean milk corresponded to the exponen-
tial and stationary phases of development, respectively.
These results make it possible to plan the process of soy
milk fermentation so that the microorganisms of sour-
dough, in addition to their probiotic properties, have time
to execute the assigned biotechnological tasks.
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