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Abstract. The modern technological process of starch hydrolysis to fermentable sugars in the ethanol
production from starch-containing raw materials is based on the use of amylolytic commercial
enzyme preparations and the application of a low-temperature liquefaction stage for greater process
efficiency, which significantly affects the final product’s cost. Under such conditions, the search for
alternative ways to reduce the costs of these technological process’ components and, accordingly,
the cost of the manufactured product is relevant. The purpose of the study was to investigate the
use of a commercial mixture of microorganisms, namely alcohol yeast Saccharomyces cerevisiae and
mould fungus Rhyzopus, as components of the commercial product Angel Leaven for a single-stage
process of starch hydrolysis and fermentation of higher gravity wort based on starch-containing raw
materials. The methods and processes for preparing raw materials generally accepted in ethyl alcohol

Suggested Citation:

Oliynichuk, O., Khomichak, L., & Koval, O. (2025). Specific features of fermentation of higher
gravity wort from starch-containing raw materials with a mixed culture of microorganisms. Animal
Science and Food Technology, 16(4), 59-69. doi: 10.31548/animal.4.2025.59.

“Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
o Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0009-0009-8014-1703
https://orcid.org/0000-0001-9003-0315
https://orcid.org/0000-0003-1035-5895

60

Specific features of fermentation of higher gravity wort...

production were used in the studies. The technological mode of single-stage starch hydrolysis and
sugar fermentation in higher gravity wort by an association of mould fungus and alcohol yeast
has been experimentally substantiated. It has been established that saccharification and starch
fermentation by a mixed culture occurs in one stage and almost simultaneously at the temperature of
30-32°C, which creates prerequisites for energy saving and technological process simplification. The
energy saving effect is enhanced by fermentation of higher gravity wort, obtained without the stage
of low-temperature liquefaction, but with the stage of exposure with a proteolytic enzyme for 1 hour
at the temperature of 50°C. This technological method is effective for a medium with a concentration
of up to 306.6 g/dm® of dry matter, which allows getting a wort with an ethanol content of up to
14.2% v/v. Increasing the concentration of the medium to 350 g/dm3 of dry matter does not allow
getting the calculated ethanol content in mature wort in a single-stage process and requires further
research to optimise the fermentation conditions. A set of technological solutions for optimising of
starch hydrolysis and fermentation process with a mixed culture creates conditions for increasing the
efficiency of raw materials and improving the energy efficiency of production process

Keywords: amylolytic enzymes; starch hydrolysis; mature mash; Saccharomyces cerevisiae;

association of microorganisms

Introduction

Contemporary biotechnological methods for
producing ethanol from starch-containing raw
materials are based on the use of exo- and en-
doamylases for the starch hydrolysis to ferment-
able sugars. The use of enzyme preparations in
practice helped to develop and introduce into
production low-temperature methods of wa-
ter-heat treatment of starch-containing raw
materials, which allows saving heat resources,
although even under such conditions, the costs
of cooking make up to 10% of the costs of en-
ergy and fuel resources of production, according
to G. Shmatkova & N. Hubenko (2013). However,
according to V. Prybylskyi et al. (2024), the use
of enzyme preparations (EP) for liquefaction and
saccharification of starch entails certain finan-
cial costs, which can amount to up to 3% of the
cost of produced ethanol. An alternative to the
use of commercial enzyme preparations is the
organisation of a single-stage technological pro-
cess of hydrolysis and fermentation of starch un-
der conditions of joint cultivation of amylolytic
enzyme producers and Saccharomycetes yeast.

One variant for co-cultivation is to use a mi-
crobial complex, the predominant components
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of which are mould fungi such as Aspergillus and
Rhyzopus. Such complexes are a traditional fer-
menting product in countries of Asia, produced
based on raw materials rich in starch (wheat,
soybeans, rice) inoculated with strains culti-
vated under controlled temperature and hu-
midity. As mentioned by J. Zhang et al. (2023),
they are mainly formed into spherical or square
granules after drying and used as a starter for
fermentation after grinding. The most common
component of the mould starter of koji, particu-
larly in Japan, is the fungus Aspergillus oryzae.
A. oryzae is considered particularly suitable for
fermentation given its ability to overexpress
hydrolytic enzymes and degrade complex mole-
cules such as polysaccharides and proteins (All-
wood et al., 2021; Daba et al., 2021). It was also
confirmed by N. Watarai et al. (2019) that of all
the studies on microbial pairs for symbiotic cul-
tivation, the most effective pair was Aspergillus
oryzae and Saccharomyces cerevisiae.

The basic principles for improving of starch
fermentation efficiency by direct conversion
through the symbiotic cultivation of amylolyt-
ic and fermenting organisms were elucidated
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by the co-culture of Aspergillus niger and Sac-
charomyces cerevisiae by 1. Han & M. Stein-
berg (1987), which were further developed
by many scientists, in particular A. Drosos et
al. (2021). In South Korea, nuruk starter is
widely used in the production of traditional
rice wine. The microbes in the nuruk depend
on the grain source and the fermentation envi-
ronment, but the main of them essential for the
fermentation are Saccharomyces cerevisiae, As-
pergillus spp., Lactobacillus spp., Rhizopus spp.,
and Penicillium spp. The a-amylase, f-amylase,
glucoamylase enzymes produced by Aspergillus
spp. and Rhizopus spp. are responsible for the
saccharification of starch, as noted in research
by B. Wong et al. (2023). Rhizopus and Mucor
fungi can be used as an alternative to Asper-
gillus in the production of fermented products,
as stated in research by M. Kim & J. Seo (2021)
and S. Heo et al. (2023).

The purpose of this study was to investigate
the technological regimes of the single-stage
process of saccharification and fermentation
of starch in increased concentration wort with
components of microorganisms’ mixed culture
in the commercial product Angel Leaven in
comparison with the parameters of processes
operating in the alcohol industry.

Materials and Methods
The experimental work was carried out from
March to July 2025 in the Department of Tech-
nologies of Fermentation Products of Institute
of Food Resources of National Academy of Agrar-
ian Sciences of Ukraine. Physical and chemical
analyses, including determination of alcohol
content in wort and content of unfermented
sugars, were carried out using the equipment
of the institute’s laboratory certified according
to DSTU EN ISO/IEC 17025:2019 (2021). Grain
waste from corn processing obtained from the
State Enterprise Zarubinsky Distillery, Ter-
nopil region, Ukraine, was used as a raw ma-
terial for fermentation. The raw material was
characterised by the following parameters: dry

matter content — 85.6+0.24%, starch content —
59.5+0.10%, moisture content — 14.4 + 0.1%.
The commercial product Angel Leaven (Angel
Yeast Co., Ltd, China), containing Saccharo-
myces cerevisiae alcohol yeast, Rhizopus mould
fungi enriched with an additional enzyme com-
plex, was used as a producer for single-stage
starch hydrolysis and simultaneous fermenta-
tion into ethyl alcohol. The product dosage is
4-4.8 g/dm? in dry form. Before application, the
product was activated by mixing with water in a
ratio of 1:10 and exposure for 30 minutes at the
temperature of 28-30°C.

The following enzyme preparations were
used: thermostable a-amylase (Tegamyl BLHL,
Tegaferm Holding GmbH, Austria), glucoam-
ylase (TEGAMYL AG90L, Tegaferm Holding
GmbH, Austria), protease (Tegalase AP75L,
Tegaferm Holding GmbH, Austria). The dosage
of a-amylase was based on the amylolytic activ-
ity of EP at the rate of 2 units of activityper 1 g
of starch, the dosage of glucoamylase was based
on the amylolytic activity of EP at the rate of 8
units of activity per 1 g of starch, protease was
added according to the manufacturer’s recom-
mendation. The preparation Baktrilon (LLC
TMA Tristan, Ukraine) was used as an antisep-
tic, in the dosage recommended by the manu-
facturer, for effective adherence of microbio-
logical purity for use in alcohol production.

Grain waste from corn processing was
ground in a laboratory mill to obtain a grinding
of 99-100% of which passes through a sieve with
the apertures of diameter 1 mm. The grinding
was mixed with water in a ratio necessary to
obtain a dry matter content in the medium at
the level of 263.5-350 g/dm3, which corresponds
to the content of fermentable sugars and the
estimated ethanol content in mature wort at
the level of 183.2-243.3 g/dm® and 12 # 0.2-
16.0+0.2% v/v, respectively. The grinding weight
was calculated according to the expected etha-
nol content in the mature wort, considering the
starch content in the raw material, the regulated
alcohol yield from a tonne of the raw material’s
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conditional starch, and the amount of wort re-
quired for the fermentation test. The grinding
mixed with water was acidified to pH 5.0-5.1
to achieve the optimal value for the complex of
amylo- and proteolytic enzymes action.

With the classic low-temperature lique-
faction (variants 1-12, 3-12, 1-14, 1-16), rec-
ommended in production, mashing was carried
out at a temperature of 88-90°C, after adding
heat-stable a-amylase EP for three hours. Then
the mixture was cooled to a temperature of
32-35°C, glucoamylase and protease EP, anti-
septic were added, and inoculated with rehy-
drated Angel Leaven. The vessels with wort were
kept for 96 hours at a temperature of 30+ 1°C.

In variant 3-12, no additional enzyme prepara-
tions were added. For a single-stage process of
hydrolysis and fermentation of the formed sug-
ars, a protease solution was added to the pre-
pared wort to destroy protein-starch complexes
and exposed in a thermostat at a temperature
of 50£1°C for 1 hour (variants 2-12, 2-14, 2-16).
After exposing, the mixture was cooled to a
temperature of 32-35°C, an antiseptic was add-
ed and inoculated with rehydrated Angel Leav-
en. In variant 3-14, exposing with protease was
not performed. The duration of the single-stage
process at a temperature of 30 * 1°C was 96
hours. Differences in wort preparation by every
variant are presented in Table 1.

Table 1. Research variants according to the processes of wort preparation and concentration

Medium concentration, g/dm3

Stage of the process of preparing the 263.5 g/dm?® 350.0 g/dm*
wort for fermentation Variant
1-12  2-12 312 1-14 2-14 3-14 1-16 2-16
Liquefaction with adding N ¥
heat-stable a-amylase (88-90°C, 3 hours)
Adding glucoamylase + + +
to fermentation (30+ 1°C)
Adding protease to fermentation 4 + +
(30+1°C)
Exposing with protease (50+1°C, 1 hour) + +

Source: developed by the authors

The moisture content of the starch-con-
taining raw materials was determined by
the gravimetric method in accordance with
DSTU 4864:2007 (2009), the dry matter con-
tent — by the calculation method, the starch
content — by the fermentation test method in
accordance with GSTU 46.045.2003 (2003). The
fermentation activity of the microorganism as-
sociation was determined by the gravimetric
method, determining the amount of carbon di-
oxide that formed during the time the wort was
in the thermostat. The samples were weighted
after 24,48, 72, 96 hours. The alcohol content in
mature wort was determined by the areometric
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method according to DSTU 7457:2013 (2014),
the content of unfermented sugars — by the pho-
toelectrocolorimetric method with anthrone
reagent according to DSTU 4854:2007 (2009).
The content of unfermented starch and dextrins
was determined by the calculation method. In a
series of studies, the samples were cultivated
in 0.5 dm?® biological flasks equipped with air
locks; each variant was cultivated in three rep-
licates. The paper presents the average values
of the research results. Comparison of means
was performed using one method in SAS soft-
ware. Statistical significance was determined at
the level of p<0.05.
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Results and Discussion
An effective method for monitoring the en-
zymatic activity of microorganisms was the
intensity of carbon dioxide emission during
wort fermentation. The results for this indi-
cator for all research variants were shown in
Figure 1. It was found that with dry matter
content in wort at the level of 263.5 g/dm3
(variants 1-12 - 3-12) intensity of CO, emis-
sion in the first day of fermentation was high
and changed insignificantly depending on the
variation of wort preparation, amounting to
57.87-64.77% of the total amount of carbon
dioxide released, i.e., the consumption of sug-

ars during this period was about 60% of the in-
put. As can be seen from Figure 1, CO, emission
for these variants stopped after 72 hours from
the start of fermentation, which allows con-
firming the completion of the sugar conver-
sion process. Removal of the low-temperature
liquefaction stage in case preprocessing by
protease did not reduce the intensity of carbon
dioxide emission during the fermentation pro-
cess. Removing the stage of adding glucoamyl-
ase and proteolytic enzyme preparations after
the liquefaction stage (variant 3-12) did not
affect the intensity of carbon dioxide emission
during the fermentation period.
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Figure 1. Intensity of carbon dioxide emission during the fermentation of wort based on starch-
containing raw materials under various pre-processing conditions
Note: dry matter content in the wort — 263.5 g/dm3 (variants 1-12 — 3-12), 306.6 g/dm? (variants 1-14 — 3-14) and

350 g/dm?® (variants 1-16 and 2-16)
Source: developed by the authors

In case of increasing the dry matter content
to obtain the ethanol content in the mature wort
at the level of 14.0-14.2% v/v, 3 variants for raw
material pre-processing before fermentation
were carried out: classic liquefaction, extraction
of the liquefaction stage with the introduction
of additional preprocessing with protease, and
extraction of all preprocessing stages. Accord-
ing to the research results, it was found that the
extraction of all pre-processing stages (variant

3-14) entails some decrease in the intensity of
carbon dioxide formation both in the first day
of fermentation and in the process as a whole.
The duration of the fermentation process in a
case an increase of the medium concentration
rose for the Angel Leaven product both with
classic liquefaction and under conditions of
its use without high-temperature processing.
Probably, further prolongation of the fermen-
tation period in variant 3-14 can lead to an
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increase in the alcohol content in the mature
wort to the estimated one; however, excessive
fermentation duration increases the risks of the
medium contamination and, accordingly, dete-
rioration of the final product quality. Fermen-
tation of higher gravity wort with a dry matter
content of 350 g/dm? showed that the removal
of the liquefaction phase from the technologi-
cal process negatively affects the total amount
of released carbon dioxide, reducing it by 3.2%
compared to variant 1-16. However, in the first
day, the amount of CO, was higher in variant
2-16, which can be explained by the lower rate
of starch breakdown to fermentable sugars and,
accordingly, a reduced negative impact on the
yeast cell functionality.

Research by J. Li et al. (2021), using Rhiz-
opus nigricans as an enzyme producer for the
saccharification stage of starch-containing raw

materials followed by fermentation with Sac-
charomyces cerevisiae showed that the highest
alcohol-forming capacity and conversion rate
were with 16-23% of raw materials concentra-
tion. Based on the results of the intensity of
CO, emission during the fermentation process,
it can be argued that the starch conversion into
fermentable sugars by a mixture of microorgan-
isms in the product Angel Leaven at a concen-
tration of 263.5 g/dm?® in a single-stage process
of liquefaction and fermentation of wort from
starch-containing raw materials was effective
and, under certain conditions, did not lose effi-
ciency when the concentration of dry substances
rises to 306.6 g/dm?®. For a more accurate under-
standing of the progress in the single-stage pro-
cess in mature wort, the content of ethanol and
residual fermentable sugars was determined;
the research results are shown in Table 2.

Table 2. Physical and chemical characteristics of mature wort

Estimated ethanol content in mature wort, % v/v

12.0-12.2
Indicators

14.0-14.2 16.0-16.2

Variants

3-12

1-14

2-14 3-14

Ethanol
content in
mature wort,
% V/V

12.18%£0.04 12.17%£0.03  12.18+0.03

14.17+0.03

14.17+0.03  13.77+0.10 16.18+0.03  15.78+0.03

Content of total
unfermented
carbohydrates,
g/100 cm?®

0.304£0.030 0.293+0.007 0.341+0.003

0.262+0.007

0.534+0.007 0.872%0.005 0.345%0.005 0.875+0.004

Content of
water-soluble
unfermented
carbohydrates,

g/100 cm?®

0.285+0.035 0.202+0.004 0.302+0.003

0.243+0.003

0.525+0.005 0.817+0.003 0.283+0.003 0.820+0.005

Content of
unfermented
starch, g/100

cm’®

0.017+0.004 0.082+0.005 0.035+0.002

0.017+0.004

0.008+0.003 0.049%+0.003 0.056+0.003 0.014+0.001

Content of
alcohol-soluble
unfermented
carbohydrates,
g/100 cm?®

0.057+0.006 0.071+0.003 0.112%0.003

0.021+0.004

0.040+0.002 0.042%0.002 0.068+0.002 0.137+0.006

Content of
dextrins, g/100
cm?

0.205%0.027 0.118+0.004 0.171+0.004

0.200+0.005

0.437+0.004 0.698+0.002 0.193+0.002 0.614+0.004

Yield of ethanol
from a ton of
conditional
starch, dm?®

664.8 664.3 664.8

664.9

664.9 646.2 665.0 648.6

Source: developed by the authors
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According to the data of Table 2, it was es-
tablished that with a dry matter content in the
wort from starch-containing raw materials at
the level of 263.5 g/dm?, the commercial prod-
uct Angel Leaven allowed obtaining an alco-
hol yield from the mash at the level of 664.3-
664.8 dm?® from a tonne of conventional starch,
regardless of the raw material preprocessing
method used in the study. Accordingly, process-
ing of raw materials at such medium concen-
tration allows the costs reducing of using addi-
tional enzyme preparations and heat treatment
of the wort without deteriorating of the process
quality. The content of undissolved starch fluc-
tuated slightly depending on the preprocessing
variant from 0.017 to 0.082 g/100 cm?, howev-
er, remaining within the indicator typical for
high-quality liquefaction process. The content
of total unfermented carbohydrates, which
characterises the overall efficiency of raw ma-
terial fermentation, for variants 1-12 — 3-12
was within 0.293-0.341 g/100 cm?®, which was
1.6-1.9% of the starch content introduced into
fermentation. Accordingly, this indicator did
not go beyond the standards established for
Ukrainian production. The low content of alco-
hol-soluble carbohydrates in mature mash — no
more than 0.112 g/100 cm® — characterised the
high efficiency of fermentation of the medium
by yeast cells. The low content of dextrins — no
more than 0.205 g/100 cm3 - is an indicator that
the amount of enzymes with glucoamylase ac-
tivity is sufficient for effective saccharification
of the wort. The findings correlate with the data
from C. Zhao et al. (2023) on the effect of Rhiz-
opus in the composition of the microorganism
mixture on the amount of reducing sugars and
the alcohol content in the final product.

Increasing the dry matter content in the
wort to 306.6 g/dm® when using Angel Leaven
in the process with standard raw material pre-
processing allowed achieving the estimated
alcohol content in the wort, which helped to
obtain a regulated yield from a tonne of con-
ditional starch of raw materials. Removing the

stage of separate liquefaction and adding am-
ylolytic enzymes with the replacement of pro-
cessing with protease did not have a negative
effect upon the course of fermentation and the
alcohol content in the mature wort. However,
the content of the spectrum of unfermented
sugars was higher than the control variant 1-14,
which, together with achieving the normative
alcohol yield, may indicate that the gradual re-
lease of sugars during the destruction of starch
by the fungal component enzymes reduced the
stress effect of excess nutrients on yeast cells
and, probably, reduced the amount of osmopro-
tectors formed by yeast (Saito & Posas, 2012;
Auesukaree, 2017). However, according to
P. Puligundla et al. (2011), long-term exposure
to both higher gravity wort and increasing eth-
anol stress prevented yeast from efficiently me-
tabolising residual sugars.

The variant in which protease was not
added and liquefaction was not applied was
characterised by a decrease in the ethanol
content in the mature wort to 3% compared
to the variant with classical processing. Ac-
cordingly, the ethanol yield from a tonne of
conditional starch decreased by 18.7 dm?, and,
therefore, the use of Angel Leaven on an in-
dustrial scale for wort with a concentration of
306.6 g/dm3 and higher without pre-processing
is impractical. When the concentration of the
wort increased to 350 g/dm?®, 2 processing var-
iants were compared: classical (variant 1-16)
and the exposure with protease (variant 2-16).
It was found that with such a concentration of
dry substances in the medium, the extraction
of the stage of the temperature treatment from
the process negatively affected the course of
fermentation, reducing the alcohol content in
the mature wort by 2.5% compared to the clas-
sical technology, respectively, the ethanol yield
from a tonne of conditional starch also did not
meet the normative one.

A detailed analysis of the spectrum of un-
fermented sugars in the mature wort showed
that the liquefaction process in both variants

Animal Science and Food Technology. 2025. Vol. 16, No. 4
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occurs within the normal range, as evidenced
by the low content of undissolved starch. How-
ever, the total content of unfermented sug-
ars in variant 2-16 was significantly higher,
0.835 g/100 cm?® versus 0.345 g/100 cm?® in the
variant with classic liquefaction. In addition,
the content of alcohol-soluble carbohydrates
in both variants was low, so it means that the
yeast cells were able to consume the sugars
available to them to the maximum. High con-
tent of dextrins in variants 2-16 can indicate
the lack of glycoamylase enzymes. It is obvious
that some enzymes present in the commercial
product, and those created by Rhyzopus, were
not sufficient for dextrins to be converted into
sugars available to yeast with a required speed.
Probably, a high starting concentration of the
medium, an increase in the amount of acids as
a fermentation byproducts and an increase in
the amount of ethanol in wort negatively af-
fected the growth and cultivation of Rhizopus
as enzyme producents, which, accordingly, de-
layed the overall process of converting sugars
into the final product. These data need to be
confirmed, since studies by E. Uyar et al. (2010)
in this area were focused on the accumulation
of trehalose under the influence of individual
stress factors and did not consider the specifics
of the use of the producent in the fermentation
process of starch-containing raw materials.
One of the options of the problem solu-
tion may be to increase the fermentation time,
which would allow the glucoamylase enzymes
to complete the transformation process. How-
ever, such process duration is not advisable
when using the technology in the production
process. Moreover, one of the variants for ad-
justing the fermentation efficiency may be to
increase the amount of Angel Leaven inoculum,
since it is known that increasing the amount of
Rhyzopus inoculum can have a positive effect
on the amount of alcohol in the mature wort,
as mentioned by A. Biiyiikkileci et al. (2006).
Considering the above-mentioned results of
research using the commercial product Angel

Animal Science and Food Technology. 2025. Vol. 16, No. 4

Leaven as a producent of a mixed culture of
microorganisms during wort fermentation at a
concentration that ensures the alcohol content
in the mature wort not exceeding 14% vol., the
effectiveness of replacing the stage of low-tem-
perature wort liquefaction by an exposure with
a proteolytic enzyme for 1 hour at a tempera-
ture of 50°C was confirmed.

Conclusions
Studies have shown that the efficiency of
single-stage fermentation of wort based on
starch-containing raw materials with a mixed
culture of alcohol yeast Saccharomyces cerevi-
siae and mould fungus Rhyzopus, enriched with
additional amylolytic enzymes contained in the
Angel Leaven product complex, depends on the
concentration of the medium. With an increase
in the initial concentration of the medium, the
duration of the process of converting starch into
the final product can be extended to 96 hours.
On the condition that the calculated alcohol
content in the mature wort is obtained up to
14.2% vol., the Angel Leaven product can effec-
tively ferment the wort without the low-temper-
ature liquefaction stage; however, it requires a
stage of exposing with a proteolytic enzyme for
1 hour at a temperature of 50°C. The content of
total unfermented sugars is higher in compari-
son with the current technology (0.534 = 0.007
versus 0.262 = 0.007 g/100 cm?, respectively)
but does not exceed the regulated values. The
content of alcohol-soluble carbohydrates is low
regardless of the characteristics of the process —
no more than 0.137 +0.006 g/100 c¢cm?, which
indicates the efficiency of the process of assim-
ilation of the obtained fermentable sugars by
yeast cells. Increasing the concentration of the
medium to 350 g/dm3 of dry matter does not al-
low obtaining the calculated alcohol content in
the mature wort in a single-stage process and
requires further research on optimising fermen-
tation conditions, in particular, the efficiency
of increasing the amount of the initial mass of
producent. The obtained results provide a basis
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AHoranis. CyJacHMiI TEXHOMOTIYHUI MPOoILleC TiApomTisy KpOXMasio M0 36POAKYBaHMUX ITYKPiB Y
BUPOGHUIITBI €TAHOMY 3 KPOXMaJIeBMiCHOI CMPOBUHM 6a3yEThCST HA BUKOPUCTaHHI KOMEpPIiiiHUX
(dbepMeHTHUX mpemapatiB aMmiMomiTMUHOI Aii Ta 3acToCyBaHHI CTafil HU3BKOTEMIIEPATYPHOTO
PO3pimKeHHs i 6i/bII01 e(peKTUMBHOCTI MPOIIECY, 110 CYTTEBO BILIMBAE HA COOiBapTiCTh TOTOBOTO
MPOIYKTY. 32 TAKMX YMOB MOIIYK aJbTePHATUBHUX LUISIXiB 3MEHILIeHHSI BUTPAT Ha IaHi KOMITOHEHTU
TEXHOJIOTIYHOTO Tpoliecy i, BimMOBigHO, co6iBapTOCTi BMPOOGIEHOI MPOAYKIii € aKTyaJbHUM.
MeTo10 po60TH 6Y/10 HOCTIIKeHHS BUKOPUCTAHHS KOMepLiiftHOi cyMili MiKpoopraHiaMis, a came
CIIMPTOBUX NOPIKIKIB Saccharomyces cerevisiae Ta TiticeHeBoro rpu6y Rhyzopus SK CKIagOBUX
KOMEPITifHOTO TIPOAYKTY «Angel Leaven» Ijisi oJHOCTaAilfHOTO MPOIECY TiPOMi3y KPOXMAJIIO
Ta 36pOMKYBaHHS Cyc/a MiABUIEHOI KOHIIEHTpAllii Ha OCHOBi KpOXMajeBMiCHOI CMPOBMHU Ha
eTaHo/I. B JociigkeHHSIX BUKOPUCTOBYBAIM METOAM Ta MPOIeCH MiATOTOBKM CUPOBUHMU, IO €
3araJIbHOMPUIMHATUMMY Y BUPOOHUIITBI CIIUMPTY €TWIOBOrO. EKCIIepyMeHTalbHO OGIPYHTOBAHO
TEXHOJIOTIYHUI PEXUM ONHOCTAITHOTO TiIpOMi3y KPOXMAsI0 Ta 36POMKYBAHHS IYKPiB B CyCTi
ITiABUIEHOT KOHIIeHTpAallii acolliallieo riiceHeBOro rpubda Ta CMpTOBUX APiKAKiB. BcTraHOBIEHO,
IO OITYKPIOBAHHS Ta 30pOMKYBaHHS KPOXMAaII0 3MIllIaHOIO KY/IbTYPOIO BiZOYBA€TbCSI B OOHY
CTajlif0 i MpaKTMYHO OJHOYACHO 3a TemriepaTypu 30-32 °C, IO CTBOpPIOE MepenyMOBM MJist
eHepro36epeskeHHsT Ta CITPOIIEHHS Tepebiry TeXHOIOTiuHOTO Mpoiiecy. EbekT eHepro3depeskeHHS
TTOCUJTIOETCST 3@ PAXYHOK 36POMKYBaHHS Cyciaa MiJBUIEHOI KOHIIEHTpallii, oTpMMaHoro 6e3
CTajlii HU3bKOTEMIIEPATyPHOTO PO3PiJsKeHHs, OfHAK 3i CTaJi€l0 BUTPUMKU 3 MIPOTEOTiTUUHUM
dbepmenTom BripomoBk 1 roguuu 3a Temmepatypu 50 °C. JJaHMiT TeXHOJOTIYHUIT TpuiiomMm 6yB
edeKkTBHMUM JIJIs1 cCepeloBUIIA 3 KOHIIEHTpallieo 10 306,6 T/qM® CyXuX pe4oBMH, 1O TO3BOIUIO
OTpMMaTy OpaxkKy 3i BMicTOM cnupTy mo 14,2 % 06. ITigBuIneHHs KOHIIEHTpallii cepemoBuIina
Io 350 r/am® cyxuxX peuoBMH He [I03BOJISIE OTPUMATM PO3PAXYHKOBMUIT BMICT CMpPTy B 3pijiit
OpaXili 3a OJHOCTAAifHOTrO Tpoliecy i Morpebye IMOmaMbUIMX AOCTIIKEHb INOAO OMTMMIi3allii
YMOB 30pokyBaHHsI. CyKYIHICTh TEXHOJOTIYHMX pillleHb OMTMMIi3allii mpoiecy Tigpomisy i
36POIKYBaHHS KPOXMAJIIO 3MIIIIaHOIO KY/JIbTYPOIO CTBOPIOE YMOBY TSI TiABUIIIEHHS e(eKTUBHOCTI
BUKOPUCTAHHS CUPOBMHM Ta 3POCTaHHS eHeproedeKTUBHOCTI BUPOOHUYOTO ITPOLIECY

KirouoBi c1oBa: aminonitTnuHi depmMeHTH; Tigponi3 KpoxXMastio; 3pina 6paxkka; Saccharomyces
cerevisiae; acolliallisi MikpoopraHizmis
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