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ABSTRACT
Background: Cereals are the most promising raw material for producing functional fermented drinks. Buckwheat
possesses a unique chemical composition, high nutritional value, and significant physiological activity. However, cereals

lack easily digestible sugars and nitrogen compounds for lactic acid bacteria.

Objective: The study focused on determining whether enzymatic hydrolysis of buckwheat flour can provide a cereal base
with soluble sugars and free amino nitrogen to support the rapid growth of lactic acid bacteria and improve the sensory

characteristics of fermented products.

Methods: The grain base was obtained from buckwheat groats. The groats were ground into flour. The granulometric

analysis of the flour was conducted using a laser analyzer. Flour samples with different particle sizes were hydrolyzed

with a-amylase, protease, and glucoamylase. The hydrolysis temperature was selected based on the temperature at
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which the viscosity of the flour-water mixture reached its maximum. The hydrolysates' solids, sugars, and free amino
nitrogen were analyzed using refractometry, HPLC, and spectrophotometry. The buckwheat bases were fermented with
L. acidophilus and L. plantarum. The number of lactic acid microorganisms in the fermented bases was determined by
the plate count method on MRS agar. Sensory properties (taste, aroma, and texture) were evaluated using a developed

5-point scale.

Results: The study found that hydrolysis of buckwheat flour using a-amylase, protease, and glucoamylase produced a
cereal base with 19.15+0.05 g/L glucose, 29.54+0.06 g/L maltose, and 104.72+0.15 mg/100 g of free amino nitrogen. The
biomodification resulted in changes to the cereal base composition, favorable for developing lactic acid bacteria cultures.
During fermentation of the biomodified base with L. acidophilus, a pH level of 4.5 + 0.1, a cell count of 10® CFU/g, and
high taste and aroma scores were achieved within 5 hours. For L. plantarum, the changes ensured a pH of 4.5 + 0.1 and

a cell count of 107 CFU/g after 7 hours, but lactic fermentation's characteristic taste and aroma were not pronounced.

Conclusion: The buckwheat flour was processed by grinding groats and using enzymatic hydrolysis with a-amylase,
protease, and glucoamylase, resulting in a cereal base with a promising composition for the following fermentation.
Additionally, the approach offers a model for processing other cereals, contributing to developing alternative plant-based

fermented beverages with enhanced functional and sensory properties.

Keywords: buckwheat flour, cereal-based fermented beverage, dairy alternatives, enzymatic hydrolysis, lactic acid

bacteria, fermentation.
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INTRODUCTION

Alternative fermented plant-based products are
attracting increasing attention worldwide [1-3]. Dairy
product alternatives have already been developed and
are widely available. They are derived from various plant-
based raw materials, such as soy, rice, almonds, coconut,
and oats [3]. Functional products derived from
fermented cereals can improve gut health and boost
immunity [4-8]. New sources of cereals are being
searched for to expand the functional properties and
taste of alternative products. Buckwheat has a unique
chemical composition, high nutritional value, and
physiological activity [9-12].

Lactic acid bacteria (including probiotics) are
incredibly demanding in the presence of easily digestible
sugars and nitrogen compounds in the environment [13-
14]. The plant base of a fermented alternative drink
should have functional properties and be a favorable
environment for starter cultures. Glucose or maltose in
the substrate is essential for the development of lactic
acid bacteria during fermented cereal product
production [15-19]. Sufficiently digestible nutrients in the
cereal and buckwheat bases minimize fermentation
duration and enhance bacterial metabolic activity [19].
Therefore, to obtain a fermented alternative drink from
buckwheat flour with good sensory properties, it is
necessary to preliminarily modify the plant base so that
its chemical composition provides activity and a high
growth rate of starter cultures. The required composition
of the buckwheat base can be achieved by starch and
protein hydrolysis of flour [20]. Research data on the
development of lactic acid bacteria in a plant base from
buckwheat flour is not enough [21-22].

The purpose of this study was to determine the
main parameters of buckwheat flour hydrolysis (the
degree of destruction of flour particles, the type and dose
of enzymes, the temperature, and duration of the
process) to obtain a base of an alternative fermented

drink with soluble sugars and free amino nitrogen, which
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ensured rapid growth of lactic acid bacteria and favorable

sensory properties of the product.

MATERIAL AND METHODS

Parboiled buckwheat groats were obtained from
buckwheat species Fagopyrum esculentum Moench. The
total protein content of buckwheat groats was 20.7+0.6
%, total fat content 6.1+0.3 %, moisture content 11.6+0.2
%, ash 3.620.1 %, and total carbohydrates 57.8+0.5 %,
including 42.4+1.0 % of starch.

The total protein content in groats was determined
by the Kjeldahl method. The fat content was determined
by the Soxhlet method. The ash content was determined
by incinerating the samples. The moisture content was
measured by drying at 130 °C.

Probiotic cultures, Lactobacillus acidophilus BZ-AV
and Lactiplantibacillus plantarum 207-8, from ITMO
University's microbial culture collection, were used to
ferment the buckwheat bases.

The following enzymes were used for flour
hydrolysis: a-amylase Amilolux-ATS (Sibbiopharm Ltd,
Berdsk, Russian Federation) with an activity of 2000
U/cm3, protease Distizym Protacid (Erbsloh, Geisenheim,
Germany) with an activity of 350 U/cm3® and
glucoamylase Distizym AG-alpha (Erbsléh, Geisenheim,

Germany) with an activity of 6500 U/cm3.

Buckwheat flour preparation: To obtain buckwheat
flour, buckwheat groats were ground on a rotary vortex
mill of fine grinding PBM 600C (Novosfera Ltd,
Novocherkassk, Russian Federation) with a capacity of
40-400 kg/h and 22.7 kW power. The mill made it
possible to produce flour with different particle sizes to
study the effect of the degree of particle destruction on
the rate of soluble solids accumulation in the
hydrolysate.

The particle size distribution of buckwheat flour was
analyzed using the Microsizer 201C (VA Install Ltd, Saint

Petersburg, Russian Federation), which measures
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particles ranging from 0.2—600 um. The particle size at 10
% (Dv10), 50 % (Dv50), and 90 % (Dv90) of the volume
distribution were calculated using the Microsizer 201C

software.

Hydrolysis temperature of starch in buckwheat flour: A
mixture of buckwheat flour and water in a ratio of 1:3 at
30 °C was prepared in a 1.5 L beaker and covered with a
lid with a built-in stirrer. Then, a-amylase was added to
the mixture at 0.5 U/g of starch. The obtained mixture
was placed in a LOIP LB-212 water bath (LOIP Ltd, St.
Petersburg, Russian Federation) at 30 °C, and the
viscosity of the mixture was measured on a Fungilab S.A.
Visco Basic Plus viscometer (Fungilab SA, Barcelona,
Spain) with an R3 spindle at 20 rpm. The mixture was
heated to 90 °C at a 1 °C/min heating rate. The viscosity
was measured at 40, 50, 60, 70, 80 and 90°C
temperatures. The temperature at which the mixture's
viscosity reached its maximum corresponded to the

hydrolysis temperature of buckwheat flour.

Hydrolysis of buckwheat flour: The enzymes were
introduced as follows: a-amylase in doses of 0.25, 0.4,
and 0.6 U/g of starch, protease in the dose of 0.2 U/g of
flour, and glucoamylase in doses of 2, 4, and 6 U/g starch.
These doses were selected based on the manufacturer’s
recommendations. The a-amylase without or with the
protease was added at the beginning of the hydrolysis at
the starch gelatinization temperature equal to 40 °C.
Glucoamylase was added after the primary hydrolysis at

60 °C and kept for 30 min.

Total soluble solids (TSS): Total soluble solids (in °Bx)
during hydrolysis were determined with the fully
automatic desktop refractometer Index Instruments PTR
46 (Index Instruments Ltd., Huntingdon, England) at 20
°C. The procedure was repeated until the TSS value (in

°Bx) reached a plateau.
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The content of sugars in the hydrolysates: The
determination of glucose and maltose content was based
on the AOAC 977.20 method [23]. High-Performance
Liquid Chromatography (HPLC) on a Shimadzu
Prominence LC-20 chromatograph (Shimadzu Europa
GmbH, Duisburg, Germany) with a RID-20A refractive
index detector was carried out. Chromatography was
performed on the Rezex RPM Monosaccharide Pb*?
column at 85°C. The mobile phase was deionized water

at a 600 pl/min flow rate.

Free amino nitrogen (FAN): Free amino nitrogen in the
obtained hydrolysates was determined by colorimetric
method with ninhydrin on a KFK-3-01
spectrophotometer (JSC ZOMZ Ltd, Sergiev Posad,

Russian Federation) at a wavelength of 570 nm.

Acid production rate of starter cultures: Active cultures
of L. acidophilus BZ-AV and L. plantarum 207-8 in 5 %
were added to the sterilized buckwheat bases. The
mixtures were incubated at 3742 °C with L. acidophilus
BZ-AV and at 3012 °C for L. plantarum 207-8. Incubation
temperatures were chosen according to the culture's
specifications. pH was measured on an Expert-001 pH
meter (Ekoniks-Expert Ltd, Moscow, Russian Federation)

every nine hours.

The specific growth rate of starter culture: The formula
calculated the specific growth rate of the bacterial

cultures in the buckwheat bases:

InlnX — InlnX,

u= ?,
where Xo was the number of CFU/ml at to; X - the
number of CFU/ml at 1, 1o was 3 hours after the cultures
were added to the sterile cereal base. t corresponded to
when the pH reached 4.5 £ 0.1 or the lowest possible

value. The beginning of the log phase of culture growth

was the initial time. The number of lactic acid
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microorganisms (in CFU/ml) was determined using the
pour plate technique on MRS agar medium (NPC
Biocompass LLC, Uglich, Russia). The plates were
incubated anaerobically in an aerostat (model AE-01, NIKI
MLT LLC, St. Petersburg, Russia) at 37+2 °C for L.
acidophilus BZ-AV and at 30£2 °C for L. plantarum 207-8

for 7213 hours.

Sensory evaluation of the fermented bases: The sensory
properties of the fermented buckwheat bases were
determined according to the developed 5-point hedonic
scale (1 = very poor, unacceptable, 3 = satisfactory, 5 =
excellent). The evaluation was carried out simultaneously
by 15 panelists. 30 ml of each sample of fermented

buckwheat base at 4+2 °C was presented to each panelist

P, %
12 1

10

8

A)
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in numbered cups. The following organoleptic properties

were determined: taste, aroma, and texture [24-25].

Statistical analysis: The Bonferroni (Dunn) t-test was
used to determine significant differences at P < 0.05. The
experiments were conducted with three repetitions (n =
3). Statistical analysis was performed using GraphPad

Prism 9 software (GraphPad Software, San Diego, USA).

RESULT AND DISCUSSION

Particle size distribution of buckwheat flour: The size of
flour particles significantly impacted the availability of
starch for enzymes and affected the rate of hydrolysis
[26-28]. The particle size distribution in buckwheat flour

A and B samples is shown in Fig. 1.
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Figure 1. The particle size distribution in the flour samples

A) —sample A; B) —sample B
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In sample A, 10 % of the particles were less than Hydrolysis temperature: The hydrolysis temperature of the

18.6 um, 50 % were less than 190 um, and 90 % were less flour corresponded to the temperature at which the

than 401 um. In sample B, particle sizes at 10 %, 50 %, mixture's viscosity reached its maximum and began to

and 90 % were 16.1 um, 129 um, and 299 um, decrease. Starch dissolution occurred within the flour at

respectively. this temperature, making it more available to amylolytic

enzymes [29-33]. The results obtained are shown in Fig. 2.
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Figure 2. Change in the viscosity of a mixture of buckwheat flour and water at different temperatures.

The mixture with flour sample A reached its
maximum viscosity at 40 °C. The mixture's viscosity with
flour sample B gradually decreased and did not reach an
intermediate  maximum  while the temperature
increased. The absence of a viscosity peak in flour sample
B can be explained by structural changes in starch
granules caused by the grinding process. During fine
grinding, starch granules were disrupted and separated
from surrounding molecules, and their crystalline
structure was also altered. Additionally, the increased
surface area due to a more significant number of smaller
particles enhanced water absorption, leading to a
smooth decrease in viscosity without a peak [26, 34-35].

Studies have shown that the temperature of starch
gelatinization in flour composition, and hence the

temperature of buckwheat flour hydrolysis, depends on

the degree of particle destruction. For flour sample A, the
gelatinization temperature was 40 °C. For sample B, any
hydrolysis temperature could be chosen from 30 to 90 °C.
The hydrolysis temperature of 40 °C was optimal for flour
sample B since the mixture viscosity allowed its agitation
at this temperature, and the impact on flour components
and energy costs were minimal compared to the higher

temperatures.

Hydrolysis of buckwheat flour with a-amylase: To
achieve a high content of soluble sugars in the buckwheat
bases with the shortest flour hydrolysis time, it was
necessary to find the optimal dose of the a-amylase. The
best dose of a-amylase was determined by the rate of
increase in the content of TSS in the mixture. The

obtained results are presented in Table 1.
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Table 1. Change of total soluble solids in the samples of buckwheat flour during hydrolysis with a-amylase

Enzyme
doze, U/g TSS, °Bx
starch
Time, h
0 30 60 90 120 150 180 210 240 270 300
Flour sample A
0.25 12.3+ 14.0+ 14.8+ 15.5+ 16.0+ 16.4+ 16.7+ 17.1+ 17.5% 17.7+ 18.0+
0.152 0.122 0.062 0.152 0.152 0.062 0.122 0.102 0.062 0.102 0.062
0.4 12.5% 14,3+ 15.2+ 16.4+ 17.2% 17.7+ 18+ 18.2+ 18.5+ 18.8+ 18.8+
0.10° 0.17% 0.31% 0.15° 0.10° 0.31b 0.26° 0.21° 0.12° 0.10° 0.06°
0.6 12.5+ 14,6+ 15.5+ 16.6+ 17.4+ 17.8+ 18.1+ 18.5+ 18.6+ 18.8+ 18.8+
0.25° 0.10° 0.12° 0.06° 0.10° 0.06° 0.15° 0.12° 0.12° 0.06° 0.06°
Flour sample B
0.25 12.6% 13.3% 14,5+ 15.4+ 16.4% 17.3% 17.9+ 18.0+ 18.0+ 18.1+ 18.1+
0.152 0.21° 0.15° 0.21° 0.152 0.10° 0.10° 0.10% 0.062 0.06° 0.06°
0.4 12.8+ 14.9+ 16.2+ 17.1+ 17.7+ 18.1+ 18.4+ 18.6+ 18.8+ 18.9+ 19.0+
0.152 0.10° 0.25° 0.25° 0.32° 0.12° 0.10° 0.06° 0.10° 0.10° 0.06°
0.6 12.8+ 15.1+ 16.5¢ 17.3+ 17.8+ 18.2+ 18.6+ 18.7+ 18.8+ 18.9+ 19.0+
0.062 0.42¢ 0.35° 0.15° 0.21° 0.15° 0.12° 0.10° 0.12° 0.06° 0.06°

a<The results are presented as mean values + SD (n=3). Identical letters in the column indicate no significant differences between the tested samples at p

<0.05

Table 1 shows that with both flour samples and all
doses of a-amylase, the prominent TSS content increase
is observed after 270 min. The fastest TSS content
growth, about 18 °Bx in all flour samples, was observed
with the doses of a-amylase 0.4 and 0.6 U/g starch. The
hydrolysis time to 18 °Bx TSS was 30 minutes shorter with
flour B.

Thus, the optimal dose of the a-amylase for the
hydrolysis of both buckwheat flour samples was 0.4 U/g

starch. The hydrolysis time decreased with an increase in

the degree of flour destruction, which was 180 min for

flour A and 150 min for flour B.

Hydrolysis of buckwheat flour with a-amylase and
protease: The use of proteases in the hydrolysis of flour
can provide enough available nitrogenous compounds in
the cereal base [36-37]. The hydrolysis with protease was
carried out under the same conditions described for the
a-amylase. The change in FAN measured the
effectiveness of the protease. The data is presented in

Table 2.

Table 2. Change in free amino nitrogen content in buckwheat flour samples

Enzyme

a-amylase (U/g starch)

FAN (mg/100g)

protease (U/g flour)

Flour sample A

0.4 66.64+0.19°2

0.4 92.18+0.14b
Flour sample B

0.4 73.44+0.232

0.4 102.31+0.25P

a¢ The results are presented as mean values + SD (n=3). Identical letters in the column indicate no significant

differences between the tested samples at p < 0.05

The introduction of the protease led to an increase
in FAN content in both samples by about 1.5 times. The

content of FAN in flour B was 11 % higher. Thus, adding

the protease in the dose of 0.2 U/g flour was shown to be
expedient in providing nitrogen sources to the lactic acid

bacteria.
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Influence of glucoamylase on the chemical composition
of buckwheat bases: For the breakdown of maltose to

glucose, it was necessary to introduce a glucoamylase
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during flour hydrolysis. The study results on the effect of
the glucoamylase dose on maltose and glucose content

in the buckwheat base are presented in Table 3.

Table 3. The content of maltose and glucose in buckwheat bases

Enzyme

a-amylase (U/g starch)

glucoamylase (U/g starch)

Content

maltose, g/L glucose, g/L

Flour sample A

0.4 - 13.47+0.042 1.66+0.042
0.4 2 18.25+0.06° 10.85+0.04°
0.4 4 20.28+0.03¢ 15.24+0.06¢
0.4 6 20.34+0.07¢ 15.39+0.04¢
Flour sample B
0.4 - 21.16+0.042 2.46+0.052
0.4 2 28.84+0.06° 17.65+0.09°
0.4 4 28.89+0.08P 17.75+0.05P
0.4 6 28.8740.08° 17.89+0.05°

< The results are presented as mean values * SD (n=3). Identical letters in the column indicate no significant differences between the

tested samples at p < 0.05

During the hydrolysis of flour A, the most significant
increase in glucose content was observed with the dose
of 4 U/g starch of glucoamylase. The increase in the dose
of glucoamylase to 6 U/g starch increased glucose
content by less than 1 %. During the hydrolysis of flour B,
the most significant increase (P<0.05) in glucose content

was observed with 2 U/g starch of glucoamylase. An

insignificant (P>0.05) increase in the content of maltose
in the bases with glucoamylase could probably be
explained by the hydrolysis of the residual starch by a-
amylase. Thus, for the hydrolysis of flour A, the best dose
of glucoamylase was 4 U/g starch and 2 U/g starch for
flour B. The summarized data of the soluble solids in the

bases are presented in Table 4.

Table 4. Content of glucose, maltose, and FAN in buckwheat bases.

Enzyme Content
glucoamylase protease (U/g flour) FAN (mg/100g) glucose (g/L) maltose (g/L)
(U/g starch)
Flour sample A
= = 66.64+0.192 1.66+0.042 13.47+0.042
4 = 68.17+0.242 15.24+0.06° 20.28+0.03°
- 0.2 92.18+0.14° 1.79+0.052 14.04+0.042
4 0.2 95.21+0.20¢ 17.74+0.07¢ 21.3740.06°
Flour sample B
= = 73.44+0.232 2.46+0.052 21.16+0.042
2 = 74.51+0.23° 17.65£0.09° 28.84+0.06°
= 0.2 102.31+0.25P 2.70+0.052 21.33+0.052
2 0.2 104.72+0.15¢ 19.15+0.05¢ 29.54+0.06°

Note: all samples are obtained with 0.4 U/g starch of a-amylase

aThe results are presented as mean values + SD (n=3). Identical letters in the column indicate no significant differences between

the tested samples at p < 0.05
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After  hydrolysis using identical enzyme
combinations, the glucose, maltose, and FAN content
was higher in the base made from flour B, which had
greater particle destruction. Additionally, the hydrolysis
time for flour B was 30 minutes shorter (see Table 1).
Thus, flour with a finer grind is preferable for preparing
the cereal base of a fermented drink. Subsequent
experiments were conducted exclusively with
hydrolysates obtained from flour B samples. Samples
were fermented with the following combinations and

doses of enzymes:

e sample 1 - a-amylase (0.4 U/g starch),

>
(3]

A)
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e  sample 2 — a-amylase (0.4 U/g starch) and
glucoamylase (2 U/g starch),

e sample 3 —a-amylase (0.4 U/g starch) and protease
(0.2 U/g flour),

e  sample 4 — a-amylase (0.4 U/g starch), protease (0.2
U/g flour), and glucoamylase (2 U/g starch).

Acid production rate of probiotic starter cultures: The
high acid production activity of these bacteria shortened
fermentation time and reduced the risk of microbial
contamination [38-43]. The pH change during the
fermentation of buckwheat bases with cultures L.
acidophilus BZ-AV and L. plantarum 207-8 is shown in
Fig. 3.

Sample 1

~— Sample 2

Sample 3

Sample 4

6.2 -
6,0
58 1
5,6
e 5.4 1
9-45,2 .

5,0
4,8

44—+~

Sample 1

= Sample 2

= Sample 3

Sample 4

Time, h

Figure 3. pH changes of buckwheat bases during the fermentation with

A) — L. acidophilus BZ-AV; B) — L. plantarum 207-8
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The highest acid production rate of L. plantarum
was observed during the fermentation of samples 4 and
3. The pH value in samples 3 and 4 reached 4.5+0.1 after
7 hours. The pH in sample 2 decreased to 4.6 after 9
hours of fermentation and only 4.7 in sample 1. Both
cultures exhibited the shortest time reaching the pH level
of 4.5+0.1 when developed in sample 4. L. plantarum
207-8 also showed a high acid production rate in sample

3, probably due to the utilization of both glucose and

BCHD Page 50 of 55

maltose. Adding three enzymes during the treatment of
the buckwheat base made it possible to reduce the
fermentation time of the buckwheat base by L.

acidophilus BZ-AV to five hours.

The growth rate of starter cultures: The specific growth
rate of L. acidophilus BZ-AV and L. plantarum 207-8
during their growth in the buckwheat bases is presented

in Table 5.

Table 5. Specific growth rate of probiotic cultures in buckwheat bases

Buckwheat base Specific growth rate, p, h?

L. acidophilus BZ-AV L. plantarum 207-8

Sample 1 0.60£0.02° 0.5940.02°
Sample 2 0.71%0.03¢ 0.62+0.03?
Sample 3 0.67+0.03° 0.75+0.04°
Sample 4 0.91£0.04¢ 0.78%0.04°

ad The results are presented as mean values + SD (n=3). Identical letters in the column indicate no
significant differences between the tested samples at p < 0.05:

The specific growth rate of L. acidophilus BZ-AV in
sample 4 was significantly higher than in the other
samples. The specific growth rate of L. plantarum 207-8
was almost the same in samples 4 and 3 and samples 1
and 2. This culture showed the highest growth rate in
samples 4 and 3, which indicated the ability of L.
plantarum to utilize maltose.

Thus, L. acidophilus BZ-AV, compared to L.
plantarum 207-8, showed the highest specific growth
rate in all samples of buckwheat bases. Sample 4

provided the highest growth rate for both cultures. The

addition of three enzymes during the hydrolysis allowed
the preparation of a composition of the cereal base that
was favorable for the growth of probiotic cultures L.
acidophilus BZ-AV and L. plantarum 207-8. It provided the
minimum time to reach the pH of 4,5£0.1 and a high

microbial count in the fermented buckwheat bases.

Sensory properties of fermented buckwheat bases: The
sensory evaluation results in the samples fermented with
L. acidophilus BZ-AB and L. plantarum 207-8 are

presented in Fig. 4.
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Figure 4. Sensory properties of buckwheat bases fermented with
A) — L. acidophilus BZ-AV; B) — L. plantarum 207-8

All samples of buckwheat bases fermented with L.
acidophilus BZ-AV had significantly higher taste and
aroma scores than those fermented with L. plantarum
207-8. Regardless of the culture, fermented sample 4
received the highest scores for taste and aroma, and
fermented sample 1 received the lowest scores. All
samples had heterogeneous layered textures with flakes
and sediment and received unsatisfactory scores of this
characteristic.

Samples fermented with L. acidophilus BZ-AV had
the following sensory properties. Sample 4 had an
intense taste and aroma of lactic acid fermentation with
a noticeable flavor of buckwheat groats. Sample 2 had a

mild taste and aroma of lactic acid fermentation. Samples

1 and 3 received the lowest scores because of an
unexpressed taste and aroma of lactic acid fermentation
and the presence of off flavors. Some authors suggested
a change in the metabolism of L. acidophilus in a
substrate with a high content of glucose and low
molecular weight nitrogenous substances. This content
could shift the metabolism towards forming volatile and
fatty acids, alcohols, aromatic compounds, and lactic acid
[44-45].

The taste and aroma of all samples of buckwheat
bases fermented with L. plantarum 207-8 had low scores.
The scores were lowered for samples 3 and 4 because of
a mild taste and aroma of lactic acid fermentation and a

predominance of buckwheat taste and smell. Samples 1
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and 2 had an unexpressed aroma of lactic acid
fermentation, a predominance of buckwheat taste, and
aroma and off-flavors. The results could probably be
explained by the possible formation of some flavoring
compounds of L. plantarum in substrates containing
hexoses [45-48].

Thus, the biomodification of the plant base from
buckwheat groats by flour hydrolysis at a ratio of flour to
water of 1:3 with a-amylase, glucoamylase, and protease
made it possible to obtain the best taste and aroma of an
alternative fermented drink. The homogeneous and firm
texture of the drink could be achieved by buckwheat base
homogenization. It was likely that L. plantarum should be
combined with other microorganisms to produce a

fermented alternative drink from buckwheat flour.

CONCLUSION

The obtained results showed that the fine grinding of
parboiled buckwheat groats and the subsequent
hydrolysis with a-amylase, protease, and glucoamylase
were favorable during the processing of a cereal base for
a fermented drink from buckwheat flour—fine grinding
of buckwheat groats allowed to reduce the temperature
and time parameters of flour hydrolysis. Managing the
dose of a-amylase, protease, and glucoamylase allowed
us to obtain the carbohydrate and nitrogen composition
of the grain base, which was required to stimulate acid
production activity and increase the growth rate of lactic
acid bacteria. In addition, these dosages shifted bacterial
metabolism towards forming compounds that improved
the taste and aroma of alternative fermented drinks and
provided high microbial counts in the product. The
findings on processing buckwheat bases for fermented
alternative drinks could inform studies on other cereal
raw materials. In the future, further research was
planned on the homogenization of flour bases to ensure
the homogeneous viscous texture of the fermented
alternative drink and to compose a microbial co-culture

to provide high functional properties.
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