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Peculiarities of high-quality silage production are the use of biological products based on lactic acid
bacteria. The composition of such starters varies greatly according to the use of bacterial cultures, so
among the starters available on the market, the range of their effectiveness is also different. It is very
common to use a one-sided approach to the choice of bacterial components, which in combination with
imperfect production technology have low preservative activity. The study of combined preparations,
which combine homo- and heterofermentative types of lactic acid fermentation, allows to stabilize
the preservative properties throughout the ensiling time, and increase the aerobic stability of the
silage after access of oxygen. Aim. Development of biotechnology of bacterial preparation for corn
ensiling, optimization of cultivation conditions of newly created bacterial composition, and selection of
cryoprotectants for its lyophilization. Methods. The combined preparation was created on the basis of
heterofermentative strain Lactobacillus buchneri 3806 combining it in two- and three-strain compositions
with other representatives of lactic acid bacteria, which are characterized by obligate homofermentative
and facultative heterofermentative types of metabolism. Optimization of the environment and technological
parameters was carried out using a central-compositional plan, further statistical analysis of the obtained
data and determination of optimal values of input parameters according to the created mathematical
model of optical density response. The effectiveness of the selected protective media was tested for
the survival of bacteria after lyophilization. Results. The most effective bacterial composition was
found during experiments: L. buchneri 3806, Enterococcus faecium C-8-12, L. plantarum 3216. The
effectiveness of the obtained composition was tested by laboratory silage of corn. Tests of the drug based
on the selected bacterial composition showed an improvement in the chemical composition of the silage
compared to the untreated control and treated only with monoculture L. buchneri 3806, namely: there
was a decrease in dry matter loss by 2.21 % and 2.04 %, 22 due to the increase of lactic acid content, and
increase of aerobic stability of silage — 341 h against 57 h of the control sample, and 313 h in case of using
monoculture. For the obtained bacterial composition, the culture medium of the following composition
was optimized: base (hydrolyzed milk with the addition of the following components: monosubstituted
potassium phosphate — 2 g/L; 5-aqueous manganese sulfate — 0.05 g/L; 7-aqueous magnesium sulfate —
0.2 g/L; twin-80— 1.0 g/L), glucose — 19.7 g/L; yeast extract— 7.8 g/L, corn extract— 23.6 g/L; peptone —
9.1 g/L; sodium citrate — 6.6 g/L; sodium acetate — 3,4 g/L. Cultivation of the bacterial composition on an
optimized medium made it possible to obtain the maximum biomass yield, at which the optical density was
2.01 units, which is almost twice as much as the value obtained by culturing the same composition in MRS
medium. The optimal technological parameters of culturing the bacterial composition were established,
namely the best growth was observed at a temperature of 36.4 = 0.4 °C with constant maintenance of the
pH value in the culture medium at the level of 6.5 + 0.1 units. In addition, the optimal composition of the
protective medium containing sodium citrate, sucrose and agar was selected, and ensures the survival rate
of lactic acid bacteria 98.4 % after lyophilization. Conclusions. The newly formed bacterial composition
can be used for the production of preparations for corn silage, and tested on other raw materials,
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in particular on some perennial legumes (alfalfa, clover), and the conditions of its production can be used

to scale the technology.

Keywords: silage, lactic acid bacteria, biopreparation, optimization, central-composition plan, nutri-
ent medium, technological parameters, protective environment.

Modern biological additives for ensiling some-
times have limited effectiveness, because most
of them were created without taking into account
the target plant raw materials, conditions for
cultivation in the technology silage additives and
for obtaining their final form. This is due to the lack
of information on modern experimental studies on
key aspects of biotechnology of silage preparations.
And most of the available work is devoted to
the research of the effectiveness of application
or technology of development only bacterial
monopreparations [1-3]. Whereas the influence of
multi-component bacterial preparations provides
a more holistic achievement of optimal critical
values for silage, such as aerobic stability, pH of
silo, organic acid ratio, content crude protein and
total dry matter [4]. However, due to the different
requirements of joint cultivation of several bacterial
strains of lactic acid bacteria (LAB), it is necessary
to choose the optimal parameters of the process
(active acidity, temperature) and composition of
the nutrient medium.

High-quality biological silage additives ob-
taining directly depends on the organization of
the process of cultivation of microorganisms
(medium, temperature and pH) and post-fermen-
tation biomass processing. The most effective
approach to optimization is the use of mathe-
matical methods of experimental design (DOE).
A quick result is achieved by combining the
above methods with statistical analysis, which
significantly reduces the time and material
resources for research. This is especially important
when using combined additives, in which bacterial
cultures differ from each other in the needs of
growth factors and resistance to environmental
conditions. Among modern methods, such as,
response surface methodology (RSM), artificial
neural networks and genetic algorithms are often
used for this purpose [5, 6]. The aim of the work
was to develop the biotechnology of bacterial
additives for corn silage with the involvement
of obligate heterofermentative, facultative hete-
rofermentative and obligate homofermentative
LAB.

At the moment, a large number of preparations
for silage making are presented on the market, the
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said preparations being widely used domestically
as well as abroad [7-9].

Doji et al. showed [10] that in silage without
a starter culture the number of some species of
micromycetes was significantly lower than in
the silage with the introduction of L. rhamnosus
RCO007 strain.

Corsetti et al. [11] recorded a significant anti-
fungal effect of L. sanfrancisco CBI bacterial
strain, which inhibited the growth of micromycetes.

The use of preparations based only on
homofermentative strains of LAB in the preserving
of corn can cause undesirable consequences [12].

Homofermentative LAB have often been used
to improve silage quality by accelerating the
fermentation of sugar into lactic acid followed
by a rapid drop in pH. The bacteria that belong to
this group are morphologically different. These
are cocci belonging to the genera Lactococcus,
Enterococcus, Streptococcus and Pediococcus,
as well as long or short rods from the genus Lac-
tobacillus. But, there is a limited possibility of
preserving nutrients, which depends only on
the pH value, which is lowered with the help of
homofermentative bacteria, since the lactic acid
obtained by them can be easily used by yeasts and
molds when exposed to oxygen [13].

When ensiling plant materials, the use of
heterofermentative bacteria L. buchneri, which
prevents aerobic spoilage, is of increasing interest.
Drichuis F, et al. showed that the introduction of
only L. buchneri strains into the silage leads to an
increase in the content of acetic acid in the forage
and losses during ensiling [14]. Acetic acid has
good antifungal properties [15], but its excess
into the silage impairs the palatability. Among
the variety of heterofermentative LAB, L. brevis
cultures are widely used [16]. Studies by Inglis
GD et al. showed [17] that acetic acid is formed
by L. brevis bacteria in the initial phase of silage
fermentation, and L. buchneri convert lactic acid
into acetic acid at later stages of fermentation,
ultimately changing the physical and chemical
characteristics of the silage.

The simultaneous application of homo-en-
zymatic and hetero-enzymatic LAB is effective
to improve the fermentation characteristics and
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aerobic stability of corn silage. This leads to the
possibility of the formation of lactic acid at high
pH values of forage plants, a more rapid decrease
in acidity, which is a favorable condition for the
development and activity of homofermentative
L. plantarum [18]. In addition, a rapid drop in pH
of the silage results in better retention of nutrients
such as water-soluble carbohydrates, and also
contributes to lower ammonia content in the feed.
After a decrease in acidity and the final formation
of lactic acid, L. buchneri begins to produce acetic
acid from lactic acid and thereby increase the
aerobic stability of the silage. The effectiveness of
LAB for preserving is based on their competitive
ability towards epiphytic microflora in feed. To
carry out the desired fermentation in bacterial
starter cultures, a twofold increase in the amount
of introduced LAB over the epiphytic microflora
is required [19]. From an economic point of view,
the introduction of compositions with homo- and
heteroenzymatic LAB is justified to be expedient.

In this regard, the development and testing of
new preparations, the development of methods for
their use is an important area of research.

Materials and methods. Two strains of Lacto-
bacillus buchneri 3806 and L. plantarum 3216
isolated from corn silage, 2 strains of Enterococcus
faecium C-8-12, E. faecium C-6-6 isolated from
rabbit feces, and 3 strains of L. acidophilus 7074,
L. casei 3300, L. brevis 3432, from culture collec-
tions, stored in the Department of Biotechnology
of the Institute of Food Resources of NAAS of
Ukraine were used as study objects. Cultures
of LAB were maintained on MRS medium at a
temperature of (4+2) °C.

Efficiency of application of combined bacterial
additives on corn silage. Silage in the laboratory
was performed as follows: corn was placed in
glass jars, carefully compacted and sealed. The
dose of culture L. buchneri 3806 and the finished
liquid preparation was 100 cm® per 1 ton of green
mass. The final concentration of microorganisms
in the plant material was 5.2-6.3 - 10° CFU/cm?,
D1 — the sample was processed with a suspension
of the bacterial composition of L. buchneri 3806,
E. faecium C-8-12, L. plantarum 3216; D2 — with
monoculture L. buchneri 3806; control (C) without
processing. On the basis of these strains, 9 starter
cultures were compiled experimentally. Each starter
was examined to determine their suitability for
fermenting plant raw materials. Microorganisms
for the production of complex starter cultures were
prepared separately from each other according
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to the classical technology with their subsequent
combination in different ratios. To establish the
optimal ratio of the strains, the optical density
and the change in the pH of the medium during
cultivation were determined.

The duration of the experiment is 4 weeks.
Determined the chemical composition (dry matter,
carbohydrates, organic acids, crude protein), active
acidity, and aerobic stability of the finished silage.

The dry matter content was determined by
the difference in the weight of the silage before
and after drying at (105 = 2) °C for 6 h [20].
The crude protein content was determined by
photometric method. The method is based on the
decomposition of organic substances of the test
sample with concentrated sulfuric acid with the
formation of ammonium salts and subsequent
photometric determination of nitrogen in the
form of colored indophenolic compound formed
in alkaline medium by interaction with sodium
salicylate and hypochlorite and has a maximum
light absorption [21]. Water-soluble carbohydrates
were determined photocolorimetrically with an
anthrone reagent [22]. The mass fraction of organic
acids was determined by the Lepper-Flig method
[23]. The active acidity of the aqueous silo extract
was determined using a pH-meter [24].

Aerobic stability of the silage was determined by
the time that elapses from the moment of opening
the silage (contact with oxygen) to increase the
temperature of the silage by 2 °C [25].

Optimization of biomass accumulation con-
ditions. As the basis of the medium used hydrolyzed
milk with the addition of salts: monopotassium
phosphate — 2 g/L; 5S-aqueous manganese sulfate —
0.05 g/L; magnesium sulfate 7-water — 0.2 g/L. and
twin-80 — 1.0 mg/L.

To the experimental media were added six
components in the following ranges of con-
centrations: Glucose, corn extract in the amount of
10-20 g/L, casein peptone — 5—10 g/L, yeast ext-
ract — 3-7 g/L, sodium acetate, 2—4 g/L and sodium
citrate — 3—7 g/L. Control — MRS medium.

As inoculum used daily cultures included in the
newly created bacterial composition with a titer of
not less than 1.0 - 10® CFU/cm?® which were made
in an amount of 6 % by volume of the medium
at a ratio of 1:1:1. The initial value of the optical
density of the bacterial suspension was 0.1 units (at
a wavelength of 590 nm).

To set up a study to find the optimal envi-
ronment, mathematical methodology of expe-
rimental design (DOE) was used. To reduce the
number of experiments for 6 factors, a central
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composite design (CCD) was chosen. The criterion
of optimality was chosen optical density of the
culture fluid, which characterizes the increase
in biomass. After a series of measurements of
the optical density before inoculation, due to the
addition of colored components of the medium in
different concentrations (corn and yeast extracts),
corrections were made to the value at the end of
cultivation. Cultivation of microorganisms was
carried out in a periodic mode with stabilization
of the pH of the culture fluid in the range of
6.0-6.5 units for 14 hours at a temperature of
(36£1) °C. The level of biomass accumulation
by optical density was determined by the
spectrophotometric method on a Unico S 2100+
spectrophotometer (at a wavelength of 590 nm).

The study of the influence of technological
parameters on the growth properties of LAB
was carried out according to a similar design of
CCD. Cultivation was performed on a medium
of pre-optimized composition. Determination
of the temperature optimum was performed in
the range of 33-38 °C, maintaining the required
temperature in the thermostat during the entire
cultivation. Whereas, to determine the optimal
pH, a range of values was chosen 6.0-7.0 units.
Determination of active acidity in the culture fluid
was performed potentiometrically. The acidity
value was maintained at the same level by adding
25% aqueous ammonia solution.

Experiment design and data processing were
performed using the software for statistical analysis
STATISTICA 12. During the processing of the
results, the coefficients of the regression polynomial
equation and their variance were calculated. The
statistical significance of the results was verified
by Fisher’s exact test. Values of experimental data,
as well as regression coefficients were considered
statistically significant if p<0.05.

Selection of a protective medium for lyophi-
lization. 4 variants of protective medium were used.
PM 1: skimmed milk powder — 10 g, sodium cit-

rate — 0.2 g, sucrose — 1.0 g, magnesium sulfate —
0.05 g, distilled water — up to 100 cm®. PM 2:
skimmed milk powder — 3 g, sucrose — 15 g,
gelatin — 5 g, distilled water —up to 100 cm®. PM 3:
sodium citrate — 5 g, sucrose — 25 g, agar — 0.1 g,
distilled water — up to 100 cm?. PM 4: skimmed
milk powder — 14 g, inositol — 10 g, agar — 0.1 g,
distilled water — up to 100 cm®. Control — distilled
water. To assess the effectiveness of the protective
medium, the degree of bacterial survival was
determined by the ratio of the number of cells
before and after lyophilization in 1 cm?® the bacterial
suspension.

Bacterial composition was grown for 14 hours
at a temperature of 37 °C, then mixed with a
protective medium in a ratio of 1:1, the resulting
suspension was poured into vials of 2 cm?. It was
then placed in a drying chamber. The process was
carried out in a freeze-dryer TG-15 under the
following technological regime: initial temperature
minus (40 + 1) °C, final — plus (30 + 2) °C, residual
pressure — not more than 6.65 Pa (0.679 kgf/m?).
Drying time — 3034 hours.

After drying, the powder containing bacterial
biomass with residues of the components of the
media was reduced with distilled water to the
original volume.

Results. Based on previous studies, 9 two- and
three-strain compositions were created from the
promising strains, which were combined taking
into account different types of metabolism of LAB,
namely:

* obligate homo- and heterofermentative bac-
teria: L. buchneri 3806 + L. acidophilus 7074 /
L. casei 3300/ E. faecium C-8-12 / E. faecium C-6-
6;

» 2 species of obligate heterofermentative
bacteria: L. buchneri 3806 + L. brevis 3432;

* obligate heterofermentative and facultatively
heterofermentative bacteria: L. buchneri 3806 +
L. plantarum 3216,

Table 1
Variants of combinations of bacterial composition

. Compositions
Strain 1 2 3 4 5 6 7 8 9
3806 + + + + + + + + +
7074 + +
3300 +
3432 +
3216 + + + +
C-6-6 + +
C-8-12 + +
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* obligate heterofermentative, facultatively he-
terofermentative and obligate homofermentative
bacteria: L. buchneri 3806 + L. plantarum 3216 +
L. acidophilus 7074 / L. casei 3300 / E. faecium
C-8-12 / E. faecium C-6-6.

Variants of combinations of bacterial compo-
sition are given in Table 1.

For a more detailed assessment, we calculated
a constant cell division rate for cell concentration
values in the time range from 4 to 12 hours. The
obtained values are given in Table 2.

From Table 2 it is seen that according to the rate
constants of cell division, variant 9 has the highest
population growth rate. Approximate results have
options 8 and 4, and the worst results belong to
variant 3.

In addition to the growth rate, to compare
the bacterial compositions were also determined
optical density and pH in the culture fluid after
14 hours of cultivation (Table 2).

The results of determining the optical density are
naturally correlated with the results on the growth
rate of the bacterial population in the compositions.
Thus, variant 9 is accordingly characterized by the
best compatibility of cultures, the highest level of
biomass accumulation, a high rate of population
growth of active cells and a decrease in the acidity
of the environment without a sharp inhibition of the
growth properties of cultures.

Based on these results, variant 9 of bacterial
composition based on strains of L. buchneri 3806,
E. faecium C-8-12 and L. plantarum 3216 was
selected for further studies.

The effect of the newly created bacterial com-
position on the quality of corn silage. Com-
position based on strains of L. buchneri 3806,
E. faecium C-8-12, L. plantarum 3216, as men-
tioned earlier, is represented by three types of

lactic acid fermentation, which in this composition
allows the use of different types of fermentation
with high compatibility of the presented strains.
Predicted in the silo, this composition is able to
efficiently accumulate its biomass. In addition, the
use of three types of lactic acid fermentation allows
the accumulation of a wide range of antimicrobial
metabolites, with both fungicidal and bactericidal
activity [26].

The effectiveness of the newly formed bacterial
composition was tested in a laboratory ensiling
experiment using the newly formed composition
(L. buchneri 3806, E. faecium C-8-12, L. plantarum
3216) (D1), monoculture of L. buchneri 3806 (D2),
and control — without processing (C).

Table 3 presents the quality indicators of corn
silage obtained by simultaneous bookmarking with
and without the use of leaven.

The aerobic stability of the silage is known
to be one of its most important parameters, that
is, the safety of nutrients and the safety of feed
after opening the storage. A specially bred strain
of the heteroenzymatic bacterium L. buchneri is
capable of producing acetic acid, which ensures
the stability of the feed when taken out of storage.
Analyzing the data presented in Table 3, it can be
noted that compared with the control and D2 in
the case of the bacterial composition D1 there is a
sharper decrease in pH, which in turn is observed
not only in terms of active acidity but also in total
organic acids. In the experiment with the starter
D2 significantly lower growth and acid-forming
properties compared with D1. Aerobic stability
of silage treated with D1 is maintained for about
two weeks (341 hours), which is sufficient to
prevent heating and spoilage of silage due to the
development of aerobic microorganisms, while for
D2 this figure is 28 hours lower.

Table 2
Values of optical density, pH after 14 hours of cultivation
. Rate constants of . . .
Variants o Optical density, D pH Strains”
cell division v, h*!
1 0.394 0.80+0.03 4.45+0.15 L.buc. 3806 : L.a. 7074
2 0.312 0.73+0.05 4.49+0.18 L.buc. 3806 : L.c. 3300
3 0.209 0.68+0.03 4.61+0.1 L.buc. 3806 : L.br 3432
4 0.500 0.84+0.02 4.47+0.06 L.buc. 3806 : L.p. 3216
5 0.387 0.77+0.04 4.41+0.14 L.buc. 3806 : E.f. C-6-6
6 0471 0.79+0.02 4.40+0.05 L.buc. 3806 : E.f. C-8-12
7 0.547 0.85+0.03 4.38+0.08 | L.buc. 3806: L.p. 3216 : L.a. 7074
8 0.538 1.06+£0.05 4.35+0.15 | L.buc. 3806 : L.p. 3216 : E.f. C-6-6
9 0.558 1.08+0.05 4.3340.15 | L.buc. 3806: L.p. 3216 : E.f. C-8-12

*L.buc. 3806 — L. buchneri 3806, L.p. 3216 — L. plantarum 3216, E.f- C-8-12 — E. faecium C-8-12, E.f. C-6-6 —
E. faecium C-6-6, L.a. 7074 — L. acidophilus 7074, L.c. 3300 — L. casei 3300, L.br. 3432 — L. brevis 3432.
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The presence of two homofermentative strains
of E. faecium C-8-12 and L. plantarum 3216
was effective in terms of solving the problem of
high pH silage, because at active acidity values
of 4.22 + 0.03, the activity of the undesired
microbiota was significantly reduced. This leads
to a significant increase in the level of dry matter
retention, including dry protein and water-soluble
carbohydrates. The absence of butyric acid, ethanol
and ammonia indicates the suppression of the
development of unwanted microbiota.

It is believed that a rapid drop in pH to close to
4.2 or less is sufficient to preserve the corn. This
pH value was reached for sample D1. Involvement
of L. plantarum and E. faecium strains significantly
increased the rate of pH decrease compared to the
control sample. These results are consistent with
those of Saarisalo et al. [27].

Organoleptic characteristics of silage correlated
with the results of chemical analysis. Thus, the
smell of samples D1 and D2 had a pleasant fruity
hue, the color was uniform, while the control was
characterized by a sharp and unpleasant odor. The
color for all samples was uniform yellow-brown.

Thus, these results prove the effectiveness of
the preparation based on the selected bacterial
composition in the process of ensiling corn. In
addition to corn, this bacterial additive can be tested
on other raw materials, such as some perennial
legumes (alfalfa, clover), where there is a high
probability of contamination of raw materials with
yeast, fungi and putrefying bacteria.

Optimization of cultivation conditions. To opti-
mize the culture medium, 6 components were
selected, the changes of which could increase
the level of bacterial biomass accumulation. As a
carbon source, glucose was selected, which is part
of the MRS medium and is the main carbohydrate
of corn cell sap. As the main source of nitrogen
nutrition, instead of meat extract, used concentrated
corn extract. The range of concentrations of glucose
and corn extract was chosen 10-20 g/L. To meet
all the needs of LAB metabolism, among other
sources of nitrogen nutrition and growth factors,
the medium was supplemented with casein peptone
in the concentration range — 5-10 g/L, and yeast
extract — 3—7 g/L. In addition, sodium acetate and
citrate were used in the concentration ranges of
2-4 ¢/L and 3-7 g/L, respectively. The growth of
cell biomass was assessed by the optical density
(D) of the culture fluid. To obtain information on
the response of the optical density depending on
the concentration of the components of the growth
medium, a three-level central compositional plan
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of experiments was chosen. In the course of our
research [26] the optimal concentrations of the
components of nutrient medium were calculated,
the theoretical optical density reaches the value
of 2.08 units. To verify the theoretically obtained
results, the bacterial composition was cultured
for 14 h at 37 °C. To the base medium was added
components of the following composition, g/L:
glucose — 19.7; yeast extract — 7.8; corn extract —
23.6; casein peptone — 9.1; sodium citrate — 6.6;
sodium acetate — 3.4.

As a result of verification, the value of the
optical density for the three replicas of optimized
medium was 2.01 + 0.01, while for the MRS me-
dium the value of the optical density was 1.08 +
0.02 [28].

Our results are consistent with the results
Zielinska et al, where in study, the Plaquet-Burmese
method was used to assess the effect of nutrient
components before using the central composite
plan, resulting in a biomass of L. rhamnosus PEN
strain of 1.9 g/LL compared to this new hybrid
methodology with concentration on MRS [4].

To optimize the pH and temperature, it was
decided to choose the standard ranges of values of
these parameters for lactobacilli and enterococci,
6—7 units, and 33-38 °C, respectively. The research
was conducted on the same principle as for the
optimization of nutrient medium. To begin with,
the levels of variable factors were set according
to the central composite plan, after which the
experimental values of the optical density response
were set for 12 variants.

The coefficient of determination is determined
for this model, the value of which is R?> = 0.997
indicates a fairly close approximation of the
response criterion of optimality to its real value.
That is why according to this model, the predicted
values must correlate quite accurately with the
experimental ones.

The obtained regression equation with the
calculated coefficients has the following formula
(1):

Y=-55,3360 +2,0022 - Z + 6,4068 -
Z,-0,0275-Z*—-0,4895 - Z? (1)

It is proved that the values of the optimal
parameters are in the pH range of 6.4-6.6 units,
for pH, and a temperature of 36 to 37 °C, which
is important given the high probability of minor
fluctuations in the parameters during cultivation.

To establish the values of temperature and
active acidity of the culture medium at which the
optical density will have the maximum value, the
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extremum of the response function was found at
the maximum point. The results of calculations of
the optimal values of the parameters are given in
Table 4.

According to the calculated optimal parameters,
the theoretical index of optical density reaches the
value D =2.10.

To verify the theoretically obtained results, the
bacterial composition was cultured in a previously
optimized medium [12] for 14 h at 36.4 £ 0.4 °C
and with constant maintenance of pH in the
medium at 6.5 £ 0.1 units. For 3 replicas, the value
of optical density was 2.07 £ 0.01 units. Compared
with the standard values of the parameters used at
the stage of optimization of the culture medium,
the increase is insignificant — 0.06 units, which in
turn confirms the successfully selected parameters
at the previous stage. Whereas outside these ranges
of values, biomass growth much worse.

Selection of a protective medium for lyo-
philization. At the post-fermentation stage of
biological product production, it is important
to take into account the conditions of storage of
accumulated biomass. At long storage of LAB
in the closed volume their activity very quickly
decreases. Therefore, a liquid preparation based
on their biomass is effective in use for only a few
days. In addition, given the different resistance
to environmental conditions among the species
that are part of the bacterial composition, there
is interspecific competition in the population,
resulting in the death of bacteria. Lyophilization
is the most effective way to preserve bacterial
cells. However, in the conditions of pre-freezing
it is necessary to use a protective medium which
includes substances with cryoprotective properties.
The choice of protective medium is crucial in
ensuring the preservation of cell integrity.

Table 4
Critical points of technological parameters
Parameters _ The value of .the parameter .
Minimal Maximum Optimum
Temperature (t) 31.5 38.5 36.4
Active acidity (pH) 5.8 7.2 6.5
Theoretical D__ 2.10

In order to determine the best protective me-
dium for drying the described three-strain bacte-
rial composition (L. buchneri 3806, E. faecium
C-8-12, L. plantarum 3216), several previously
studied options were selected that ensure high
survival of LAB [29]. The degree of cell survival
during lyophilization was chosen as an evaluation
criterion. The protective medium for lyophilization
was chosen according to the results shown in
Table 5.

Table S

As can be seen from Table 5, the highest degree
of survival of bacterial cells is observed with the
use of PM 3 —98.4 %. Although other environments
also showed correct results (92.5-94.5 %), that in
comparison with control, proves efficiency of these
cryoprotective substances use as a part of protective
environments.

Thus, the developed biotechnology of the pre-
paration for ensiling is recommended for large-
scale research in pilot fermenters.

Influence of protective medium variant on the survival rate of cells

Variant of protective | N x10* before lyophilizathion, | N_, x10* after lyophilizathion, | Survival rate,
medium CFU/cm® CFU/cm’ %

PM 1* 2.68+0.03 2.53+0.03 94.4

PM 2* 2.214+0.04 2.11+0.06 93.0
PM 3* 2.434+0.02 2.394+0.02 98.4
PM 4* 2.134+0.02 1.97+£0.04 92.5
Control** 2.16+0.07 1.454+0.03 67.1

*Composition of protective media: PM 1. Skimmed milk powder — 10 g, sodium citrate — 0.2 g, sucrose — 1.0 g,
magnesium sulfate — 0.05 g, distilled water — up to 100 cm?*; PM 2. Skimmed milk powder — 3 g, sucrose — 15 g, gela-
tin — 5 g, distilled water — up to 100 cm?; PM 3. Sodium citrate — 5 g, sucrose — 25 g, agar — 0.1 g, distilled water — up to
100 cm?; PM 4. Skimmed milk powder — 14 g, inositol — 10 g, agar — 0.1 g, distilled water — up to 100 cm®.

**Control — distilled water.
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Discussion. Therefore, an important stage in the
development of biotechnology to inhibit epiphytic
microflora in the silage mass is the development
of new silage multicomponent starter cultures
that combine the necessary properties of various
types of LAB that begin the ensiling process and
quickly reduce the pH level — Enterococcus and
L. plantarum culture and stabilize the ensiling
process — L. buchneri. The use of monobacterial
preparations is less effective, since they cannot
be equally active at all stages of acidification and
allow unwanted microflora to degrade nutrients in
the silage.

The results of this study show that the
composition of L. buchneri 38006, E. faecium C-8-
12, L. plantarum 3216 is advantageous among
other compositions, the use of which increases
aerobic stability and contributes to the development
in the domestic manufacturing of inoculants.

Conclusions

1. It was found that the use of the preparation
based on biomass of strains Lactobacillus buch-
neri 3806, L. plantarum 3216 and Enterococcus
faecium C-8-12 improves the chemical composition
of silage compared to control and the use of
only monoculture L. buchneri 3806, namely: we
observed reduction of dry matter losses by 2.21%
and 2.04%, respectively, lowering of pH level to
4.22 due to more intensive accumulation of lactic
acid, which increases the aerobic stability of silage
to 341 h compared to control — 57 h, and the use
of a single L. buchneri — 313 h, respectively. Also,
high activity of the newly created composition
for the suppression of butyric acid bacteria and
undesired microbiota was noted.

2. The composition of the components of
the culture medium is selected, and their con-
centrations are optimized using the method of
central composition plan and statistical analysis.
Optimized liquid culture medium had the fol-
lowing composition, g/L: base — hydrolyzed with
protosubtilin milk (with the addition of salts:
monosubstituted potassium phosphate — 2 g/L; man-
ganese sulfate 5-aqueous — 0.05 g/L; magnesium
sulfate 7-aqueous — 0.2 g/L, twin-80 — 1.0 mL/L),
glucose — 19.7; yeast extract — 7.8; corn extract —
23.6; casein peptone — 9.1; sodium citrate — 6.6;
sodium acetate — 3.4. Cultivation on this medium
provided almost 2 times higher optical density of
the bacterial suspension than on MRS medium.

3. The optimal technological parameters of
bacterial composition growth were established,
namely the best growth was observed at a tem-
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perature of 36.4 + 0.4 °C and at constant main-
tenance of the pH value in the medium at the level
0f 6.5 + 0.1 units. To maintain the viability of LAB
cells for lyophilization conditions, a protective
medium was selected that provides a survival rate
0f 98.4 % and contains sodium citrate, sucrose and
agar as cryoprotective substances.
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Peswome

OcoOIMBOCTIMU BUPOOHHIITBA BUCOKOSKICHOTO
CWJIOCY € BHKOPHCTaHHsI OilompernapariB Ha OCHOBI
MOJIOYHOKUCIHX OakTepiil. Ckila] Takux mpenaparis
CHIJIBHO Pi3HUTHCS 32 BUKOPUCTAHHSAM OaKTepialbHUX
KYyJIBTYp, TOMY CEpe/l HasIBHUX MperapariB Ha PUH-
Ky Ziarna3zoH iX e()eKTUBHOCTI TaKOX HEOTHAKOBHH.
Jy»ke 9acTo CIIOCTepiraeThCsl BUKOPUCTAHHS OTHO-
CTOPOHHBOTO MIJIXOAY 0 BUOOpPY OakTepiallbHUX
CKJIaJIOBHX, 1110 B MOE€JHAHHI 3 HEJIOCKOHAJIO BUPOO-
HUYOI0 TEXHOJIOTIEI0 MAalOTh HU3bKY KOHCEpPBYBAIIb-
HY aKTHUBHICTh. JlOoCHiJKeHHSI KOMOIHOBaHHX Mpe-
naparis, B SIKUX MOETHYIOTHCS TOMO(EPMEHTATHBHE
Ta reTepohepPMEHTATUBHE MOJIOYHOKHUCIIE OPOMIHHS
JI03BOJISIE CTA0LITI3yBaTH KOHCEPBYBAJIbHI BIIACTHBOC-
Ti IPOTATOM BCHOTO Yacy CHIIOCYBAHHS 1 ITiIBUIIUTH
aepoOHy CTaOUIBHICTD CUIOCY MICIS JOCTYILYy KUCHIO.
Merta. Po3po6Oka 610TexHOIOTi 6aKTepiadbHOTO Mpe-
mapaTy A CHIIOCYBAaHHS KYKypy[A3W, ONTHUMIi3allis
YMOB KYJIETHBYBaHHS HOBOCTBOPEHOI OakTepiaabHOT
KOMITO3HIIiT Ta BUOIp KPIONPOTEKTOPIB s 11 Jiodi-
mizamii. Meroau. Kom0OiHoBaHuli mpernapar CTBOPIO-
BaJIM HAa OCHOBI OOJIIraTHO TeTePOPEePMEHTATUBHOTO
wramy Lactobacillus buchneri 3806, nmoeanywo4yn
HOro B JIBO- Ta TPHOXIITAMOBI KOMITO3UIIIT 3 1HIIUMHU
MpeJICTABHUKAMU MOJIOYHOKHCIUX OaKTEepiid, SIKHM
BJIACTHBI OOJIraTHO TOMO(EpMEHTaTUBHHM Ta (a-
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KyJBTaTUBHO IeTepOPEpMEHTATUBUN NUIAXH 30pO-
JUKYBaHHS ByIieBoJiB. ONTUMI3allil0 cepefoBUINa
Ta TEXHOJIOTIYHMX TapaMeTpiB 31iHCHIOBAIH 3 BU-
KOPHCTAaHHAM ICHTPATbHO-KOMIO3UIIHHOTO IUTa-
HY, TTOaJBIINM CTATHCTUYHUM aHAII30M OJepiKa-
HUX JaHUX Ta BH3HAYCHHSIM ONTHMAIbHUX 3HAYCHD
BXI/IHUX MapaMeTpiB 32 CTBOPEHOI MATEMaTHYHOIO
MOJICJUTIO BIATYKY ONTHUYHOI r'ycTUHH. EdexkTus-
HICTh OOpPaHUX 3aXMCHUX CEPEIOBUIIL MEPEBIPSIN 32
CTYICHEM BIDKHUBAHHS OakTepill micis iodimizamii.
Pe3syabTaTn. B X0/i IpOBeeHUX EKCIIEPUMEHTIB
OyJI0 BCTAHOBJICHO HaWOIIbII e(heKTHUBHY OaKTepi-
aJbHY KOMITO3UIIII0, KA Maja HACTYIHUN CKIa:
L. buchneri 3806, Enterococcus faecium C-8-12,
L. plantarum 3216. EQexTUBHICT OTPUMAHOT KOM-
no3uiii OyJo MepeBipeHo NUIIXOM Jad0paTOPHOTO
CHIJIOCYBaHHS KyKypya3u. BumpoOyBaHHs mpenapary
Ha OCHOBI 00paHOi OakTepiaabHOI KOMIO3MINIT 1MO-
Ka3aJI0 MOKpPALIEeHHs XIMIYHOTO CKJaay CHIIOCY IO0-
PIBHSIHO 3 HEOOPOOIEHNM KOHTPOJIBHUM Ta 00po0ie-
HUM JIAIIE MOHOKYJIBTYpOto L. buchneri 3806, a came:
OyI10 BiAMiYe€HO 3MEHIIICHHS BTPAT CyXUX PEIOBHH Ha
2,21% Ta 2,04% BinmnoBijHO, 3HMWXEeHHS pH criocy
10 4,22 3a paxyHOK 301JIbIIICHHS BMICTY MOJIOYHOI
KHUCJIOTH Ta MiJBUILEHHS aepoOHOI CTIHKOCTI CH-
nocy — 341 rog mpotu 57 rojl KOHTPOJIBHOTO 3pa3Ka
Ta 313 rox y pasi BUKOPUCTAHHS MOHOKYIBTYpH. Jliist
oJIepKaHoi1 OaKTepiabHOT KOMITO3UIIIT OyJI0 ONTHMIi-
30BaHO MOKUBHE CEPEIOBUIIEC HACTYITHOTO CKIATY:
OCHOBa (TiAPOTI30BaHE MOJIOKO 3 JTOJaBAHHIM TaKUX
KOMITOHEHTIB: KaJli (pOCHOPHOKUCINNA OHO3aMIIIIe-
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