&%X/ 3epHoBi npoaykTH i kombikopmu, Vol.23, 1.4 (92) / 2023

ONUT

T I
UDC [637.334 - 664.14] K 111 ovi s
DOl https://doi.org/10.15673/

O. Vysotskyi, E-mail: oleksandrvysotskyi.science@gmail.com

ORCID: https://orcid.org/0000-0002-4483-9866

O. Kochubei-Litvinenko, Dr. of Technical Sciences, Professor, E-mail: okolit@email.ua

ORCID: https://orcid.org/0000-0003-0712-448X, Researcher ID D-7284-2019, Scopus Author 1D 57189381380
0. Bilyk, K. of Technical Sciences, Professor, £-mail: bilyklena@gmail.com

ORCID: http://orcid.org/0000-0003-3606-1254, Researcher ID M-6190-2018, Scopus Author 1D 57189379639
V. Bilokhatniuk,, E-mail: Isfbqgh@gmail.com

ORCID: http://orcid.org/ 0009-0008-1116-0241

National University of Food Technologies, 68, Volodymyrska street, Kyiv, 01601, Ukraine

Tel. +38067 3884523

USE OF FERMENTED ACID WHEY ENRICHED WITH
MINERAL ELEMENTS IN THE TECHNOLOGY
OF RYE-WHEAT BREAD

Abstract

This article investigates the use of fermented acid whey enriched with mineral elements (magnesium, zinc, and manganese)
in the technology of rye-wheat bread. Whey obtained through thermal acid coagulation of milk is a valuable resource that can signif-
icantly enhance the quality and nutritional value of bakery products. The study analyzes scientific approaches to enriching whey with
mineral elements through spark discharge treatment, which creates optimal conditions for cultivating lactic acid bacteria. The pri-
mary aim of the study is to examine the fermentation process of whey enriched with mineral elements and its impact on the rheologi-
cal properties of dough and the quality of finished bakery products. It has been established that spark discharge treatment of whey
significantly accelerates the fermentation process, increases acidity, and boosts the growth of lactic acid bacteria. The research
shows that using enriched whey allows the fermentation time to be reduced by almost half compared to the control. This is achieved
through intensive acid production and biomass growth of lactic acid bacteria. The best results were obtained with whey treated with
spark discharges in a conductive layer of zinc, magnesium, and manganese granules. Using fermented whey in the production of rye-
wheat bread contributed to increasing the gas-forming capacity of the dough, improving its rheological properties, and increasing
the specific volume of finished products. Enriched whey also positively affected the bread's quality by enhancing its porosity, shape
stability, and organoleptic properties. It was found that enriching whey with magnesium, zinc, and manganese not only intensifies the
fermentation process but also increases the nutritional value of the finished products by enriching them with important microele-
ments. The study demonstrated that using enriched whey reduces dough ball spread, increases its elasticity and resilience, and ex-
tends the bread's freshness. The research results confirm the feasibility of using spark discharge enrichment of whey with magnesi-
um, zinc, and manganese to improve the efficiency and quality of bakery production. The proposed technology can be recommended
for widespread implementation in production, ensuring high quality and competitiveness of bakery products in the market.

Key words: Whey, Fermentation, Mineral enrichment, Rye-wheat bread, Magnesium, Zinc, Manganese.

Introduction valuable secondary whey remains insignificant and
Numerous works by domestic scientists such as amounts to just over 1/3 (34-40%) of the total volume of

V.I. Drobot, ILA. Reuter, N.O. Chumachenko, V.F. whey [4]. Domestic producers of various food products
Dotsenko, O.A. Bilyk, T.O. Vasilchenko, and others are began to realize its value and economic attractiveness
devoted to the scientific substantiation of the application relatively recently. Factors hindering the intensive pro-
of whey in the technology of bakery products. Whey and cessing of whey included technical and technological
its processed products not only enrich bakery products reasons, namely the lack of economically viable pro-

but also improve their quality. cessing technologies and necessary technical equipment,

The volumes of whey production in Ukraine, cal- as well as a psychological factor, as for a long period,
culated based on the production volumes of rennet, fer- this by-product of dairy processing was perceived exclu-
mented, fresh non-fermented cheeses, and casein [1, 2], sively as production waste. Only starting from the early
currently amount to about 900 thousand tons (excluding 2000s, the spread of ecological literacy and the growth of
Crimea and temporarily occupied territories). Therefore, the economic competitiveness of whey products stimu-
it can be confidently stated that whey is a potential re- lated the emergence and rapid development of the con-
source reserve not only for dairy processing enterprises cept that classified whey as valuable food raw material
but also for the food industry as a whole. [4].

Analysts of the agro-industrial complex noted Whey and its processed products are widely used
practically stable production volumes of whey products in the dairy, meat, confectionery, and bakery industries,
and an increase in the production of dry whey in the pre- in the production of food concentrates, children's, sports,
war years (2015-2020) [3, 4]. However, the war has also and gerodietic nutrition products, and others [4, 5]. There
damaged this segment of dairy processing. An AVM is a demand for whey products both in countries with
expert in June 2023 reported a negative trend in the re- stable economies to meet the needs of middle-class con-
duction of whey supplies to external markets. sumers who engage in sports and care about their health

It should be noted that the industrial processing of and in developing countries to meet nutritional needs.
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Thus, Ukraine has a large raw material resource
that should be directed towards the production of mass-
consumption food products that are in demand on both
domestic and external markets, as well as special-
purpose products. In this context, bakery products are a
promising group of food items that will serve as a stable
"consumer" of whey as a food ingredient in the formula-
tion of special and gerodietic products.

Literary review

Natural whey in bread and bakery technologies
plays the role of an activator of the microflora of liquid
yeast, yeast suspension, liquid starter, and an intensifier
of dough preparation. Additionally, the use of whey en-
hances the nutritional activity and value of bread prod-
ucts in sponge and accelerated dough methods, allowing
for flour savings [6].

Whey is used in the recipes of rye-wheat bread. It
is important to ensure high dough acidity to reduce en-
zyme activity, enhance the swelling of proteins, pento-
sans, and flour shell particles [7, 8]. This role can be per-
formed by acidic whey as a natural acidifier. It should be
noted that increasing the titrated acidity of whey to 160-
180 °T will contribute to the stabilization of the dough
preparation process and obtaining high-quality finished
products.

It is known that achieving the required titrated
acidity (17010 °T) can take up to 48 hours and, as a
result, the duration of the technological cycle will in-
crease. This will impact the economic indicators of pro-
duction. This fact supports the relevance of finding ways
to intensify the technological process of producing acidic
whey as a food ingredient for rye-wheat bakery recipes.

Technological approaches that provide for the in-
tensification of acidic whey fermentation are generally
limited to the use of various organic acids, food addi-
tives, and are extremely limited. In contrast, improving
the technology by creating favorable conditions for the
growth of lactic acid microflora in the fermented envi-
ronment deserves attention. This can be achieved by en-
riching whey with biologically valuable mineral ele-
ments, which will serve as a nutrient medium for micro-
organisms and promote the growth of lactic acid bacteria
biomass, thereby intensifying acid production in the sys-
tem.

This approach is promising because, along with
the intensification of whey fermentation, it will also en-
rich bakery products with mineral elements.

Whey contains a whole set of macro- and micro-
elements [9, 10], but the amounts of zinc, magnesium,
and manganese are insufficient to ensure the vital activity
of microbial cells and their growth.

Microbial cells require a significant amount of
macro- and microelements: carbon, nitrogen, oxygen,
hydrogen, phosphorus, sulfur, potassium, calcium, mag-
nesium, zinc, manganese, sodium, chlorine, molyb-
denum, selenium, and others [11]. Zn, Mg, and Mn can
be considered as factors for the intensification of fermen-
tation because they participate in the construction of liv-
ing cell components, promote energy metabolism and
protein synthesis of microbial cells, activate and stabilize
enzyme activity [12, 13], and improve the fermentation
activity of brewer's yeast [14, 15].
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They can be regarded as growth factors for lacto-
bacilli and yeasts. For example, in [16], it was shown that
enriching Lactobacillus rhamnosus and Lactococcus lac-
tis strains with magnesium ions using pulsed electric
fields had no negative effect on the structural and me-
chanical properties of dairy products. Moreover, a posi-
tive impact on the adhesive properties of the product and
the viability of microorganisms was observed even after
freezing.

In [14], a positive effect on the viability and fer-
mentation activity of brewer's yeast was described due to
electron-ion treatment conducted in the flow during yeast
loading into the fermentation apparatus. It was proven
that this treatment reduces the number of non-viable cells
by 26-40% and accelerates wort fermentation by an aver-
age of 2 days.

It was shown that adding nanoaquachelates of
zinc, with a zinc concentration of 0.10 mg/dm* obtained
by spark discharge, increases the fermentation activity of
brewer's yeast [15]. At the final stage of fermentation, the
amount of CO2 released was 14% higher than in the con-
trol. At the same time, the amount of fermented extract in
young beer decreased by 15% compared to the control,
and the main fermentation process was shortened by 1-2
days, depending on the initial wort concentration.

The above confirms the feasibility of enriching
whey with magnesium, manganese, and zinc to acceler-
ate its fermentation. A promising direction in this area is
the inclusion of spark discharge enrichment of raw mate-
rials with technologically valuable mineral elements into
the technological scheme for producing fermented acidic
whey [17].

There is insufficient information on the course of
fermentation of whey enriched with zinc, magnesium,
and manganese due to spark discharge dispersion of con-
ductive metal granules to intensify the process of produc-
ing acidic whey for its subsequent use as a food ingredi-
ent for rye-wheat products. Therefore, this direction of
scientific research is relevant.

Formulation of the problem.

1. Study of the process of fermenting whey en-
riched with mineral elements through spark discharge
treatment;

2. Study of the impact of fermented acidic whey
enriched with magnesium, manganese, and zinc on the
rheological properties of dough and the quality of rye-
wheat bread.

Materials and methods

The object of the research was the process of fer-
menting whey and the technology of rye-wheat bread
made using fermented acidic whey enriched with mineral
elements.

The whey, obtained through thermal acid coagula-
tion of milk, was subjected to fermentation since it is
considered the most favorable medium for cultivating
lactic acid bacteria. Before fermentation, the whey was
purified from sedimented protein particles and then treat-
ed in an experimental spark discharge installation, devel-
oped by scientists from the National University of Life
and Environmental Sciences of Ukraine [18], according
to one of the following options:

1. With a conductive layer of manganese granules
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(hereafter — sample 1).

2. With a conductive layer of magnesium granules
(hereafter — sample 2).

3. With a conductive layer of zinc granules (here-
after — sample 3).

4. Sequentially in three spark discharge chambers
with a conductive layer of zinc granules in one, magnesi-
um in the second, and manganese in the third (hereafter —
sample 4).

The duration of spark discharge treatment in the
spark discharge chambers was varied from 30 to 120
seconds.

The treated whey was then pasteurized at a tem-
perature of (78+2) °C, cooled to a temperature of
(37+1)°C, and inoculated with pure cultures of Lactoba-
cillus acidophilus. The choice of these starter cultures is
justified by their high acid production level (acid produc-
tion threshold over 300 °T), which is significant when
processing whey with a high pH level due to the accumu-
lation of metal particles. Moreover, this culture is an ac-
tive antagonist against foreign microbiota and can ensure
the safety of the finished product. Fermentation was car-
ried out at a temperature of (37+1) °C for 36 hours.

The control was fermented whey produced with-
out the use of spark discharge treatment of the raw mate-
rial (hereafter — control).

To determine the impact of spark discharge treat-
ment on the acid-producing properties of Lbc. acidophi-
lus, the titrated acidity of whey was measured every 6
hours during fermentation at a temperature of (37+1) °C.

To study the impact of the obtained fermented
whey enriched with mineral elements on the indicators of
the technological process, biochemical, physicochemical
changes in the dough, and the quality indicators of bread
from a mixture of rye and wheat flour, the control was
"Special" bread: rye flour — 30 kg, premium wheat flour
— 70 kg, pressed baker's yeast — 0.7 kg, table salt — 1.8
kg. The dough was prepared on a thick starter with a
moisture content of 48%. The dough was kneaded in a
two-speed dough mixer. The whey was dosed at 15% of
the flour mass. Dough pieces were formed manually.
Proofing was carried out at a temperature of (35+2) °C
and relative humidity of (75+2) % until ready. The prod-
ucts were baked in a shelf oven at a temperature of 240-
260 °C.

The quality of the dough was evaluated by physi-
cochemical and rheological indicators after kneading and
after the completion of dough fermentation according to
generally accepted methods [19]. The quality of the
bread was determined by physicochemical (specific vol-
ume, porosity, shape stability, structural and mechanical
properties of the crumb) and organoleptic indicators (ap-
pearance, crust surface condition, crumb structure, taste,
smell).

The impact of additives on the shelf life of the
products was studied by changes in the structural and
mechanical properties of the crumb. The overall, resili-
ent, and elastic deformation was determined after 4, 24,
and 48 hours of storage using the AP 4/1 penetrometer.
The comprehensive quality indicator was determined by
a point evaluation of the quality of bakery products [19].

Statistical processing of the research results was
carried out using Microsoft Excel XP software.
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Results of the study and their discussion

It was established that all experimental samples
exhibited a natural gradual increase in titrated acidity
during the fermentation of whey inoculated with pure
cultures of Lactobacillus acidophilus.

However, it should be noted that in the samples
enriched with valuable mineral elements (Zn, Mg, Mn)
due to spark discharge treatment for 30-60 seconds, the
increase in titrated acidity (AT) over time was more in-
tense. Thus, after 24 hours of fermentation, in experi-
mental sample No. 1, AT ranged from 140 to 169 °T de-
pending on the duration of treatment; in sample No. 2 —
from 122 to 136 °T, in sample No. 3 — from 145 to
175°T, and in sample No. 4 — from 140 to 171 °T. In con-
trast, in the control under the same fermentation time,
titrated acidity increased only to 110 °T.

It was noted that with an extension of the treat-
ment duration to 120 seconds, fermentation occurred
more slowly, which can be explained by the increase in
the number of metal particles in the micron range and, as
a result, the shift of the pH in the whey towards the alka-
line side.

The highest acid-forming activity of the lactic ac-
id microorganisms Lbc. acidophilus was observed in
whey treated in a discharge chamber with a conductive
layer of Mn or Zn granules for 60 seconds, and in whey
enriched with Mg, Mn, and Zn. It is worth noting the
synergistic effect of zinc, magnesium, and manganese on
the intensity of fermentation, which is due to the increase
in important nutritional micro- and macroelements for
the construction of living cell components of lactobacilli
in a form accessible for absorption and constructive me-
tabolism.

The obtained data are consistent with the results
presented in works [12, 13, 20] and indicate the positive
effect of enriching the fermentation medium with zinc,
magnesium, and manganese on the intensification of bio-
technological processes.

It should be noted that the fermentation of whey
enriched only with magnesium occurred somewhat more
slowly compared to experimental samples No. 1, No. 3,
and No. 4. It can be assumed that the amount of Mg ob-
tained during treatment for 30-60 seconds is insufficient
for the full nutrition of lactobacilli, while with an in-
crease in treatment time, although its amount increases,
the pH of the medium and the number of microparticles,
inaccessible for full absorption by microbial cells, also
increase, negatively affecting the fermentation process.

It was found that the appropriate acidity
(170£10°T) is achieved by whey enriched with zinc
and/or magnesium and/or manganese within 12-18 hours,
whereas the control takes 30 hours of fermentation.

The results of fermentation intensification are
confirmed by studies of the number of lactobacilli in the
experimental samples of fermented whey (Table 1).

Therefore, the results of the conducted studies on
the increase in acidity and the number of lactobacilli in
the experimental samples of whey confirmed the possi-
bility of reducing the fermentation duration by almost
half as a result of its treatment before fermentation with
spark discharges in a discharge chamber with a conduc-
tive layer of manganese or zinc granules for 60 seconds
or sequential treatment in three spark discharge chambers
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Table 1 — Change in the number of lactobacilli
during the fermentation of whey treated with spark
discharges under different parameters (duration, ma-

Table 2 — Impact of whey enriched with Mg,
Mn, and Zn on the parameters of the fermentation
rocess

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

terial of the electrodes of the discharge chamber) Indicator | Comparative value
Experimental Sample| Number of Lactobacilli, CFU/g, . value relative to control
at Fermentation Duration, hours Indicator Experimental
12 24 Control sample
Control (lﬂ:0,0S) 106 (1ﬂ:0,05) 107 Fermentation dura-
Sample No. 1 tion to reach acidi- ;
(treatment duration, ty (170£10 °T), 32£0,5 — 2,0 times
seconds): hours
30 (8+0.4)-10° (30,1)-107 Number of lactobacilli, CFU/g, during fermentation,
60 (4+0,2)-107 (5+0,2)-108 hours
90 (120,05)-107 (7+0,3)-107 12 (10,05)-10 +(1-10%)
120 (3£0,05)-105 | (1+0,05)-107 24 (1£0,05) 10 +(5-10)
Sample No. 2 Mg content in fer-
(treatment duration, mented whey, 96,3+4,8 +2,0 times
seconds): mg/kg
30 ¢ (3+0,1)-10° (1£0,05)-107
60 (1£0,05) 107 (7£0,3)-107 Mn content in fer-
90 (7£0,3)- 108 (2+0,1)- 107 mented whey, 2,8+0,1 + 3,0 times
120 (120,05 10° | (620,3)-10° ngkg
Sample No. 3 Zn content in fer-
(treatment duration, mented whey, 285+10,2 +1,5 times
seconds): , , ng/kg
Zg c gig;;ig? 818?;188 Note: "+" indicates an increase in the indicator;
2 = 2 5 "—"indicates a decrease in the indicator; """ indicates no
90 (6+0,05)-10 (9£0,3)-10 significant change.
120 (240,05)-10° (3+£0,3)-10°
Sample No. 4 studied whey samples intensified fermentation, as evi-
(treatment duration, denced by the greater accumulation of carbon dioxide,
seconds): both during fermentation and proofing. This is due to the
30(Zn) +30 (Mg) + enrichment of the dough with nutrients necessary for
30 (Mn) (1+0,3)-108 (5+0,3)-108 yeast activity. The activation of yeast in the dough with
60 (Zn) +60 (Mg) + fermented whey leads to a reduction in proofing time.
60 (Mn) (5+0,2)-106 (9£0,4)-106 The addition of fermented whey and fermented whey

with a conductive layer of manganese, magnesium, and
zinc granules for 30 seconds each.

Given the feasibility of enriching bakery products
with a complex of mineral substances, the impact of
whey enriched with Mg, Mn, and Zn on the parameters
of its fermentation process was investigated.

At the next stage, the impact of fermented whey
enriched with Mg, Mn, and Zn on the technological pro-
cess and quality of rye-wheat bread was studied. For this
purpose, trial laboratory baking was conducted where the
dough was prepared on a thick starter according to the
recipe for "Special” bread (this bread served as the con-
trol). Fermented whey and fermented whey enriched with
Mg, Mn, and Zn were dosed at 15% of the flour mass,
according to literature sources [21, 22]. The quality of
the dough and bread was evaluated by physicochemical,
organoleptic indicators, and a comprehensive quality
indicator. The results are presented in Table 3 and Fig-
urel.

It was established that the addition of fermented
whey and fermented whey enriched with magnesium,
manganese, and zinc increased the acidity of the dough
compared to the control, which was observed throughout
the fermentation period. It was found that the use of all
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enriched with magnesium, manganese, and zinc reduces
the spread of the dough ball, presumably due to the effect
of lactic acid on the protein-protease complex.

The study of the quality of finished products
showed that due to the increase in gas production, specif-
ic dough volume, and improvement in the elasticity of
the gluten framework with the addition of fermented
whey and fermented whey enriched with magnesium,
manganese, and zinc, the specific volume of bread in-
creases. Thus, in bread with fermented whey and fer-
mented whey enriched with magnesium, manganese, and
zing, this indicator increased by 7.9% and 11.5%, respec-
tively, compared to the control (Figure 1).

It was established that the addition of fermented
whey and fermented whey enriched with magnesium,
manganese, and zinc improves the shape stability of the
products, making this product suitable for both hearth
and pan baking. The research results showed that the
highest comprehensive quality indicator was achieved in
bread with fermented whey enriched with magnesium,
manganese, and zinc.

From literature sources, it is known that the use of
whey extends the freshness of bakery products. There-
fore, it was appropriate to study the impact of fermented
whey and fermented whey enriched with magnesium,

http://grain-feed.ontu.edu.ua
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Table 3 — Impact of fermented whey enriched with magnesium, manganese, and zinc on the quality of

dough and bread.

Bread
Quality Indicators of Bread Control (without Fermented whe Fermented whey enriched
additives) y with Mg, Mn, Zn
Dough
Moisture content, % 48,0
Titrated acidity, degrees:
Initial 5,2 6,8 6,7
Final 7,0 9,4 9,4
Fermentation duration, min 90
Proofing duration, min. 50 40 35
Specific volume of dough, cm? 120 132 144
Dough ball spread, mm 102 92 96
Gas production during fermentation
and [F))rooﬁng, cm?/ 108g 1136 1320 1456
Finished products
Specific volume, cm?/100g 226 244 252
Porosity, % 64,0 68, 71,0
Acidity, degrees 6,4 8,2 8,0
Shape stability 0,36 0,40 0,42
Comprehensive quality indicator 89,0 93,2 95,3

Fig. 1 — Impact of additives on bread quality: 1 — control, 2 — with fermented whey, 3 — with fermented
whey enriched with magnesium, manganese, and zinc.

Table 4. Impact of fermented whey enriched with magnesium, manganese, and zinc on the staling process

Bread
Quality Indicators of Bread Control Fermented whey Control
(without additives) (without additives)
Crumbiness of crumb, %
after 4 hours 1,2 1,0 1,2
after 72 hours 3,2 2,7 2,6
Change in crumb deformation during storage, instrument units
4 hours
Total 58 70 75
Plastic 42 48 51
Elastic 16 22 24
72 hours
Total 23 29 33
Plastic 17 20 23
Elastic 6 9 10
Freshness, %
4 hours 100 100 100
72 hours 39,7 41,4 44,0
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-

manganese, and zinc on the preservation of freshness in
bakery products. The staling process was judged by the
overall deformation of the crumb and crumbiness (Table
4).

The degree of staleness was concluded based on
the determination of crumbiness of the crumb after 72
hours of storage. As the data shows, in bread with fer-
mented whey enriched with magnesium, manganese, and
zing, this indicator decreased by 26.0% and 31%, respec-
tively, compared to the control after 72 hours of storage.
This is facilitated by the additional protein and lactose
content of the whey. The obtained data is confirmed by
the degree of freshness preservation.

The scientifically established technological as-
pects of whey fermentation intensification due to the use
of spark discharge mineral enrichment formed the basis
for technological recommendations for improving the
method of producing acidic whey as a food ingredient for
rye-wheat bakery products.

Conclusions

It has been proven that the fermentation duration
is nearly halved as a result of enriching whey with mag-
nesium, manganese, and zinc, which is due to the in-
crease in essential micro- and macroelements for the nu-
trition of lactobacilli cells.

The proposed technology of fermented acidic
whey as a food ingredient for rye-wheat bakery products,
compared to the existing technology, offers the following
advantages: it halves the production cycle time for the
ingredient; increases the utilization rate of technological
equipment; does not require significant space for the in-
stallation of the technological complex for spark dis-
charge treatment and reduces the need for tanks (fer-
menters) due to the reduced fermentation time; acceler-
ates the technological process of producing bakery prod-
ucts from a mixture of rye and wheat flour.
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BUKOPUCTAHHSI CHPOBATKHU KNCJIOI ®EPMEHTOBAHOI,
3BATAYEHOI MIHEPAJIbHUMHU EJJEMEHTAMM, B TEXHOJIOT'II
KUTHHO-IIIIEHUYHOTI' O XJIBA

AHoTanis

B maHiif cTaTTi 1OCTiIKEHO BUKOPHUCTAHHS KUCIOi (pepMEHTOBAaHOI MOJIOYHOI CHPOBATKH, 30araueHoi MiHepa-
JBHAMH €JIeMeHTaMH (MarHi€eM, IHHKOM Ta MaHTaHOM), Y TEXHOJIOTII JKUTHBO-TIIEHNYHOTo Ximiba. Moxo4Ha cupoBat-
Ka, OTpHMaHa IUIIXOM TEPMOKHUCIOTHOTO 3CiIaHHsI MOJIOKA, € LIHHUM PECYpPCOM, KU MOKE 3HAYHO ITiABUIINTH SIKICTh
i Xap4oBY LIHHICTH XJIi00OYJIOYHHX BHPOOIB. ¥ poOOTI MpoaHai30BaHO HAYKOBI MiAXOIH 10 30aradeHHs MOJIOYHOT
CHUPOBATKH MiHEpAIILHUMH €JIEMEHTaMH LUIIXOM €JIEKTPOICKPOBOro 0OpOOJIEHHs, 10 CTBOPIOE ONTUMaJIbHI YMOBH LIS
KyJIbTHBYBaHHsS MOJIOYHOKHCINX OakTepidi. OCHOBHOIO METOIO JOCIIJDKEHHS € BUBUEHHS Hpolecy (epMEeHTYBaHHS
CHUPOBATKHM MOJIOYHOI 30araucHoOi MiHEpaJbHHUMHU €JICMEHTaMH Ta ii BIUIMB HA PEOJIOTIYHI BJIACTHUBOCTI TICTA 1 AKICTh
TOTOBHX XJI1000ymouHIX BUPOOiB. BcTaHOBICHO, IO €NEKTPOICKpOBE 0OPOOICHHS CHPOBATKH CIIPUSIE 3HAYHOMY TIPHC-
KOPEHHIO TIpoliecy (epMeHTAaIlil, MTiABUIICHAIO KUCIOTHOCTI Ta 3pOCTaHHIO KIJTBKOCTI MOJIOYHOKHCTHX Oakrtepiit. Jloc-
JIJOKEHHS TTOKa3ald, 0 3aCTOCYBaHHS 30araueHol CHPOBAaTKH JO3BOJISIE CKOPOTUTH Yac ()epMeHTalii Maike y aBa pa-
31 MOPIBHSHO 3 KOHTpoJeM. Lle mocsAraeTsest 3a paxyHOK IHTEHCHBHOTO KHCIIOTOYTBOPEHHS Ta 3pOCTaHHS 6ioMacH Mo-
JMoYHOKHCIHX Oaktepiit. Halikpam pesynpraTé Oyiid OTpUMaHi IPH BUKOPUCTAHHI CHPOBATKH, 0OPOOIICHOI eJIeKTpoic-
KPOBUMH PO3psIaMH 31 CTPYMONPOBIIHUM HIapOM I'paHyJl IMHKY, MarHiro i MaHrany. Bukopucranus ¢pepMeHTOBaHOT
CHUPOBATKH Y BUPOOHHIITBI XKUTHBO-MIICHUYHOTO XJ1i0a CIPHUSIIO MiIBUILECHHIO ra30yTBOPIOIOYO] 3/1aTHOCTI TicTa, TOK-
PAILLCHHIO HOr0 PEOJIOTTYHHUX BJIACTUBOCTEH Ta 30UIbIIEHHIO ITMTOMOIO 00’€My TOTOBHX BUPOOIB. 30araueHa cupoBaTka
TaKOX MO3WTHBHO BIUIMHYJIA HAa SKICTh XJIi0a, MOKPALIyIOYH HOr0 MOPHUCTICTh, (POPMOCTIHKICTh Ta OpPraHoJIENTHYHI
BJIaCTHBOCTI. BusiBieHoO, 110 30aradyeHHs] CHPOBATKM MAarHi€M, IMHKOM i MaHT'aHOM HE TUIbKH crpusie iHTeHcugikarii
(hepMeHTalifHOTO TpoIIecy, aje U MiABUIIYE Xap4YoBY IIHHICTH TOTOBUX BHPOOIB, 30aradyroud iX Ba>KIIHBHMHU MiKpO-
eneMeHTaMu. JloCii/DKEHHS TIOKa3ally, 10 BUKOPHUCTAHHS 30arauyeHoi CUPOBATKH J03BOJISIE 3HM3UTH PO3ILUIMBAHHS Ky-
JBKH TICTA, MiABUIIUTH HOTO €IACTHYHICTH i MPYXKHICTB, a TAKOXK MOJIOBKUTH CBIXKICTH XJ1i0a. Pe3ynbpraTi mociimkeH-
HS TIITBEPUKYIOTH JOIUIBHICT BUKOPUCTAHHS €JIEKTPOICKPOBOTO 30araueHHsl MOJIOYHOI CHPOBATKH MarHieM, IMHKOM
1 MaHTaHOM JIJIS TIABHUINCHHS €(EKTHBHOCTI Ta SKOCTI BUPOOHHUITBA X1i000YIOYHHX BHPOOIB. 3alIpONIOHOBAaHA TEXHO-
JIOTisE MOXKe OyTH PEKOMEHJI0BaHa Ul IIMPOKOTO BIPOBA/KEHHsS Yy BHUPOOHHUIITBO, 3a0€3IE€Uy04N BHUCOKY SIKICTH Ta
KOHKYPEHTOCIIPOMOXKHICTh XJII000YJIOYHNX BUPOOIB HA PHHKY.

KuaroudoBi cjioBa: MoslouHa cupoBaTKa, (hepMeHTAlis, 30arauyeHHsI MiHepaJILHUMH eJIEMEeHTaAMH, > KUTHBO-
NIIEeHUYHU XJ1i0, MarHii, MUHK, MAHTaH
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