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Aim. To perform a comprehensive evaluation of the biosynthetic potential of Lactobacillus del-
brueckii strains in lactic acid synthesis for potential industrial use.

Methods. The study examined four strains of Lactobacillus delbrueckii capable of synthesizing lac-
tic acid (LA). The concentration of lactic acid in the fermentation broth at the end of fermentation was
determined using high-performance liquid chromatography. The concentration of free reducing sugars
in the nutrient medium was analyzed by a modified Bertrand method at the beginning of the process and
by either the Bertrand or Somogyi-Nelson method at the end.

Results. The biosynthesis of lactic acid by four L. delbrueckii strains (PB-07, UY-2/13, BMP-92,
Q-50) was studied under varying concentrations of carbon sources and nitrogen sources, as well as
under optimal (40 °C, without stirring) and suboptimal (30 °C and 50 °C, with stirring) fermentation
conditions. One strain, L. delbrueckii UY-2/13, demonstrated characteristics suitable for commercial
production, achieving a biosynthesis yield of approximately 70 g/dm® using an inexpensive nitrogen
source in batch cultivation with high initial glucose concentrations. The study revealed that physical
parameters have a significant influence on the process. A fermentation temperature of 50 °C strongly
inhibited lactic acid biosynthesis, while the inhibitory effect at 30 °C was less pronounced. Additionally,
pH adjustment and temperature control during fermentation require precise regulation to avoid
adverse effects.

Conclusions. The L. delbrueckii UY-2/13 strain is a promising candidate for lactic acid production.
Its cultivation on cost-effective raw materials, such as low-cost corn extract, could enhance the eco-
nomic viability of the process.

Key words: Lactobacillus delbrueckii, biosynthesis, lactic acid, fermentation, lactic acid bacteria,
organic acid production, biotechnology.

Lactic acid or 2-hydroxypropanoic acid
(IUPAC) is a naturally occurring organic acid
with the molecular formula CH;CH(OH)COOH,
which has two enantiomers (D(-) and L(+)). The
Food and Drug Administration (FDA) considers
lactic acid (LA) to be a harmless chemical when
used under certain conditions [1].

The use of L-lactic acid in industry is
due to its antibacterial properties [2] and
unique structure, which allows it to be

used in the synthesis of many final and
intermediate chemical compounds, namely:
ethyl lactate, 1,2-propanediol, acetaldehyde,
2,3-pentanedione, acrylic, pyruvic, and oxalic
acids, as well as PLA plastic [3]. Biodegradable
polylactide has gained significant popularity
due to environmental trends and the shift
towards environmentally friendly materials,
serving as an alternative to polypropylene and
polyethylene. Due to its biosolubility, the use of
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PLA plastic in medicine is also being considered
for tissue engineering, drug delivery, and
restoration of lost or damaged bones and
organs [4]. According to a study by scientists
from Ohio State University (Columbus, USA),
the rapid growth in the production and use of
polylactide has increased the capacity of the
LA market by more than 400% between 2016
and 2025 [5]. In addition to the applications
described above, lactic acid is also used in
the food industry (as a preservative, acidity
regulator, and antioxidant) and cosmetics (as
part of acne and tartar products, as well as skin
lightening and rejuvenation products) [6].

Global trends toward the dynamic
expansion the use of lactic acid significantly
affect the Ukrainian market. According
to research by Ukrainian scientists [7],
the domestic lactic acid market is import-
dependent, and as of 2023, the volume of LA
imports to Ukraine is 685 times higher than
exports. Domestic industrial production of
lactic acid is at a low level and does not meet
domestic needs for lactic acid. Given the
large amount of renewable raw materials and
agricultural industry waste that can be used as
components of the nutrient medium, Ukraine
has significant potential for the development
of its own large-scale production, which can
bring substantial income to the country’s
economy.

Lactic acid is produced in industry by
two methods: chemical and biotechnological
synthesis. Today, chemical synthesis is rarely
used; however, more than 90% of lactic acid
worldwide is produced through biotechnology
[8]. Depending on the stereospecificity of
lactate dehydrogenases that carry out the
reduction of pyruvate, microorganisms can
synthesize L(+)-, D(-)-, or a racemic mixture
of lactic acid. Industrial value is in this case
for producers of L(+)-lactic acid, the natural
enantiomer of humans and other higher life
forms. Unlike L-lactic acid, D-lactic acid
has a neurotoxic effect on the human body,
causing encephalopathy, acidosis, and ataxia
[9]. Industrial strains producing L-lactic acid
include lactic acid bacteria (LAB), genetically
modified strains of bacteria Bacillus spp., and
microscopic fungi Rhizopus spp., as well as
bacteria Escherichia coli, Corynebacterium
glutamicum, and yeast Saccharomyces
cerevisiae [10—12]. At the same time, the
classic industrial producers of lactic acid are
homofermentative lactic acid bacteria, which
have the following advantages: resistance to
acidic pH values, absence of by-products, high
yield, optical purity, and LA concentration,
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which can reach more than 100 g/1 without
interfering with the genome of microorganisms
[9]. For example, scientists from China isolated
and obtained the Lactobacillus rhamnosus
LA-04-1 strain, which synthesized lactic
acid at a concentration of 170 g/dm? [13].
Despite the facts described above, large-
scale production of lactic acid faces specific
difficulties related to biochemical, technical,
and economic aspects

Biochemical issues

A typical scheme for producing lactic acid
is batch fermentation — a simple process
from a technological standpoint, which allows
for obtaining high concentrations of acid
without the risk of contamination by other
microorganisms. In addition to this method,
various approaches to the fermentation
process are also employed, including fed-
batch, repeated, and continuous cultivation.
However, these methods require specialized
equipment and technological support, as well
as constant monitoring, qualified personnel,
or are characterized by a high level of
contamination and low acid yields. The main
disadvantages of a typical batch cultivation are
the biochemical limitations of microorganisms,
namely inhibition of microorganisms by high
concentrations of substrates (carbon source)
and the final product (lactic acid) [14, 15].

Economic issues

A necessary condition for the growth of
lactic acid bacteria, as well as the synthesis
of high amounts of lactic acid, is the presence
of complex and balanced components of the
nutrient medium. One of these components is
expensive yeast extract, which fully meets the
biochemical needs of the LAB in amino acids,
peptides, and B vitamins [16]. Additionally,
due to the dependence of glucose concentration
on lactic acid concentration at the end of the
process, it is necessary to add large amounts of
carbon source to the nutrient medium, which
also increases the process cost. According to a
study by American scientists, the cost of lactic
acid accounts for 39 to 45% of the components
of the nutrient medium [17]. A promising
direction of research in the field of industrial
production of LA is the use of alternative and
cheap sources of nitrogen. For example, corn
extract — an inexpensive by-product of corn
processing.

Technical issues
Essential characteristics of the fermen-
tation process are the physical conditions of
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the process, namely: partial pressure of oxygen
and carbon dioxide, osmotic pressure, pH
value, stirring, and temperature [18]. The most
significant and unstable parameters among
them in large-scale production are temperature
and stirring. To the best of our knowledge,
lactic acid bacteria are obligate anaerobes.
Given this fact, the fermentation process must
occur without access to oxygen, i.e., without
stirring and aeration. However, in the process
of maintaining pH, the fermentation broth
must be mixed for uniform distribution of the
neutralizing agent.

Additionally, due to the structural features
of the fermenters, local overheating of the
fermentation broth near the walls is possible,
while in the liquid column, a temperature
lower than the set temperature is observed. The
factors described above negatively affect the
biosynthesis process. Therefore, an industrial
lactic acid producer must have the flexibility to
change the physical conditions of the process.

The purpose of this article is to provide a
comprehensive assessment of the biosynthetic
potential of Lactobacillus delbrueckii
strains for lactic acid production, which will
contribute to the development of applied
research in the field of biotechnological lactic
acid synthesis and create the prerequisites for
establishing large-scale industrial production
in Ukraine.

Materials and Methods

Strains and Inoculation Protocol

Four strains of lactic acid bacteria, Lacto-
bacillus delbrueckii, were used in the work:
PB-07, UY-2/13, BMP-92, Q-50 (industrial
collection, daughter enterprise “Enzim”,
Ladyzhyn, Ukraine). The genus and species
of microorganisms were confirmed by typical
morphology, lactic acid synthesis (confirmed
by HPLC), and a negative catalase test [19].

Composition of MRS inoculation medium
(g/dm?): glucose, 20; yeast extract, 12; pep-
tone, 7.5; dipotassium phosphate, 2; ammo-
nium citrate, 2; magnesium sulfate hepta-
hydrate, 0.2; manganese sulfate heptahydrate,
0.05; agar-agar, 0.5. Medium was sterilized at
120 °C for 30 min.

The inoculum was grown on MRS medium
in test tubes at 402 °C for 16—24 hours. The
inoculum was prepared by transferring 20
mL of the inoculum into an Erlenmeyer flask
containing 200 mL of MRS medium. Four
Lb. delbrueckii strains were grown at 40+2 °C
for 16 hours and then used for research.

Fermentation process protocol

The process of lactic acid biosynthesis
was carried out in Erlenmeyer flasks with
a capacity of 0.3 dm?3, containing 150 ml
of fermentation medium (sterilization
mode: 112 °C, 20 min). 15 mL of inoculum
was added to the medium, cooled after
sterilization, and incubated at 40 = 2 °C
without stirring, unless otherwise specified.
During the cultivation in the flasks, the
pH value was maintained at 4.5-6.5 by
adding 10% Ca(OH), solution. Depending
on the glucose concentration in the nutrient
medium, the duration of the biosynthesis
process was from 64 to 96 hours.

Composition of fermentation media:

Stage 1. Study of the biosynthesis of
lactic acid depending on the concentration of
the carbon source (g/dm?®): glucose, 90, 130,
150, 180, and 220; yeast extract, 30; calcium
carbonate, 10.

Stage 2. Study of the biosynthesis of lactic
acid depending on the nitrogen source (g/dm?®):
glucose, 150, 180; corn extract, 60; calcium
carbonate, 10.

Stage 3. Study of the biosynthesis of lactic
acid depending on the change in physical
conditions of fermentation (g/dm?): glucose,
100; corn extract, 60; calcium carbonate, 10.

To study the process of LA biosynthesis
during stage 3, the fermentation process was
carried out at temperatures of 30, 40, and
50 °C without stirring, as well as at 40 °C with
constant stirring at 120 rpm.

The numerical results of the study are
presented as the arithmetic mean and standard
deviation (M =+ o). The leading indicators were
compared with those of the control group, as
indicated in each study in the note, using the
Student’s t-test; the results were considered
reliable at P < 0.05. All experiments
were performed in duplicate or triplicate.
The calculation of all indicators and the
construction of graphs and histograms were
performed using Microsoft Excel (USA).

Quantitative analysis of lactic acid and
monosaccharides

Sample preparation

After completing the lactic acid
biosynthesis process in Erlenmeyer flasks, the
fermentation broth was diluted three times
with distilled water and centrifuged at 4000 g
for 10 minutes. The supernatant was used for
further studies.
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Determination of lactic acid concentration

To determine the concentration of
lactic acid in the fermentation broth, a
chromatographic separation and analysis
method, specifically high-performance liquid
chromatography, is employed. The study was
performed using a Shimadzu high-performance
liquid chromatograph (LC-40D; Shimadzu
Corporation, Kyoto, Japan) equipped with
a Kromasil chromatographic column (Eka
Chemicals AB, Bohus, Sweden) and a SPD-40
spectrophotometric detector.

Determination of free reducing sugar
(FRS)

The quantitative determination of free
reducing sugars, namely glucose, in the culture
broth (CB) before the start of fermentation
is carried out using the modified Bertrand
method [20]. At the end of the fermentation
process, the amount of glucose that has not
been converted to lactic acid is measured in the
fermentation broth. If the concentration of
free reducing sugars exceeds 20 g/dm?, when
the modified Bertrand method is used. In cases
when the concentration of residual glucose
is less than 20 g/dm?3, the Somogyi-Nelson
method is used [21].

Determination of lactic acid yield
The lactic acid yield was calculated using
the formula (equation 1):

% LAyield = LAconcentration in FBxDF
FRS initial concentration in CB

100%, (1)

Equation (1) takes into account the dilution
factor (DF) of the fermentation broth (FB) with
a 10% calcium hydroxide solution during the
pH adjustment process and is calculated by the
formula (equation 2):

Mye(FB)
Meng (FB) ’
The mass of the fermentation broth (FB)
at the beginning and end of the biosynthesis
process was determined by the gravimetric

method (Technovagy, TVE-2.1-0.01-a, Lviv,
Ukraine).

DF = (2)

Results and Discussion

Lactic acid bacteria used in the studies
belong to the genus Lactobacillus and produce
lactic acid. Still, for their industrial use, they
must have the ability to synthesize lactic acid
at a concentration of more than 100 g/dm?.
For such an amount of the final metabolite,
it is necessary to add more than 100 g/dm?
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of glucose to the nutrient medium, which is
converted into LA with a theoretical yield of
1g/g[6].

A solution for neutralizing the acidic pH
of the fermentation broth plays a vital role in
the fermentation process, which is associated
with the synthesis of a significant amount of
lactic acid. According to an article by Japanese
scientists [22], calcium hydroxide is the most
effective agent for adjusting the pH, and the
calcium lactate formed during the chemical
reaction has the least inhibitory effect.
Additionally, calcium hydroxide is a relatively
inexpensive reagent.

In order to study the use of Lb. delbrueckii
strains as industrial producers of lactic acid,
the work was divided into three stages. At
the first stage, the ability of strains to LA
synthesize is determined by the concentration
of glucose in the medium, as well as the
concentration of glucose at which inhibition
of microorganisms by the substrate occurs.
The second stage involves studying the
biosynthesis of lactic acid using corn extract.
As previously indicated, corn extract is a
cheap alternative to yeast extract. According
to the data provided to us by DE “Enzim?”,
the cost of corn extract can be 40-50 times
lower than yeast extract. The purpose of
the third stage is to study the biosynthesis
process under unstable physical conditions of
fermentation.

Stage 1. Study of lactic acid biosynthesis
depending on the concentration of the carbon
source

Table 1 shows the results of the cultivation
of Lb. delbrueckii strains on fermentation
media with different glucose concentrations.
As can be seen, an increase in glucose
concentration leads to an increase in the
concentration of lactic acid in the fermentation
broth, as well as the total duration of the
fermentation process, which is entirely
consistent with previously published results
[28]. In addition all strains are capable of
LA biosynthesis on a medium with a glucose
concentration of 180 g/dm3. With a further
increase in glucose concentration in the
fermentation medium, complete inhibition
of LAB by the substrate was observed,
characterized by lysis of lactic acid bacteria
and the absence of lactic acid synthesis.

When strains of Lb. delbrueckii PB-07,
UY-2/13, and Q-50 were cultivated, and
high values of lactic acid yield (> 90%) were
obtained regardless of glucose concentration,
indicating complete conversion of the carbon
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Table 1

Biosynthesis of lactic acid by Lb. delbrueckii strains at glucose concentratlons
of 90, 130, 150, and 180 g/ dm® on medium supplemented with 30 g/dm yeast extract

C"“‘g /gﬁgose- ngc/sdgln) Time.(h) | Strain LA.g/dm® | FRS ((l‘l’:l‘d) 8/ | LA yield. %
PB-07 67.82+0.01 2.59+0.04 93.69+0.02

00 3 38 o UY-2/13 | 70.94+1.62 1.97=0.05 95.94+0.17
BMP-92 | 65.15+2.25 3.04+1.41 90.01+3.11

Q-50 68.80-0.62 1.65=0.19 95.05+0.86

PB-07 78.18+0.61 3.65+0.11 92.05+0.72

130 o0.55 72 UY-2/13 | 78.74+0.48 2.34+0.13 92.70+0.57
BMP-92 | 69.83+0.27 | 10.12+1.27 | 82.22+0.32

Q-50 81.090.22 2.56+0.09 95.47+0.26

PB-07 87.09+2.83 3.10+0.01 94.93+2.93

150 L1540 . UY-2/13 | 89.21+2.25 3.83+1.49 95.72+1.22
BMP-92 79.69+1.17 | 17.61+1.14 | 82.53=1.30

Q-50 86.98=2.11 1.60+0.27 91.34=1.09

PB-07 98.71+1.95 3.04+0.29 92.77+2.08

150 Lm0 o6 UY-2/13 | 99.58+1.79 2.34+0.08 90.13+1.29
BMP-92 | 80.50+0.73 | 40.61+1.14 | 69.66=0.68

Q-50 99.15+3.99 1.85=0.29 90.50+4.92

Note: Data are presented as mean + standard error of the mean.
*P < 0.05 compared to control (for each strain at a glucose concentration of 90 g/ dm?® ).

source into LA. Strain BMP-92 can synthesize
lactic acid at a concentration of not more than
80 g/dm?, probably due to the inhibitory effect
of the end product on the producer’s metabolic
pathway. Compared with other strains, strain
Lb. delbrueckii BMP-92 turned out to be the
least productive; therefore, it was not used in
further studies.

The biosynthesis of lactic acid by strains
Lb. delbrueckii PB-07, UY-2/13, and Q-50
in high concentrations (about 100 g/dm?)
can be explained by a sufficient amount of
yeast extract in the fermentation medium —
30 g/dm?3. The required concentration of the
nitrogen source is different for Lb. delbrueckii
strains. It is known that when using the strain
Lb. delbrueckii NCIMB 8130 on a fermentation
medium with the addition of 5% vyeast
extract, only about 90 g/dm? of lactic acid was
obtained [24]. The data presented indicate the
importance of both the nitrogen source and
the carbon source, as well as the differences
in the biochemical needs of different strains
of Lb. delbrueckii for the biosynthesis of high
concentrations of LA.

Stage 2. Study of the process of lactic acid
biosynthesis depending on the nitrogen source

Fig. 1 and 2 illustrate the results of a
study of lactic acid biosynthesis on media
supplemented with corn extract as the sole
nitrogen source.

As can be seen from the data presented,
regardless of the glucose concentration and the
duration of the cultivation process, the acid
concentration values for the Lb. delbrueckii
PB-07,UY-2/13 and Q-50 strains are the same.

According to the data provided to us by DE
“Enzim”, the content of amine nitrogen in corn
extract is half that of yeast. Therefore, corn
extract was added to the nutrient medium at
a concentration of 60 g/dm3. Despite the fact
that the concentration of corn extract in the
fermentation medium was twice as high as in
yeast, the concentration of LA at the end of
the process decreased by approximately 30% .
Such data likely indicate that the composition
of corn extract contains significantly fewer
nutrients (amino acids, B vitamins, mineral
compounds) than previously reported in some
studies. In particular, the article by J.P. Tan,
J.M. Jahim, T.Y. Wu et al. [25] states that
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LA and FRS. g/dm?
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LA yield. %
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10.00
0.00

PB-07 UY-2/13
Lb. delbrueckii strains

e A g/dm® = FRS. g/dm® - ‘LA yield. %

Fig. 1. Values of free reducing sugars, concentratlon, and yield of lactlc acid on the medium:
glucose, 180 g/dm corn extract, 60 g/dm
Note: Data are presented as mean + standard error. *P < 0.05 compared to control (for each strain at a yeast
extract concentration of 30 g/dms).
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PB-07 UuY-2/13 Q-50
Lb. delbrueckii strains

mmm [ A g/dm® s FRS. g/dm® ‘LA yield. %

Fig. 2. Values of free reducing sugars, concentration, and yield of lactic acid on the medium:
glucose, 150 g/ dm3; corn extract, 60 g/ dm®
Note: Data are presented as mean + standard error. *P < 0.05 compared to control (for each strain at a yeast
extract concentration of 30 g/dm3).
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corn extract has a composition similar to
yeast, but contains more mineral salts and
growth factors. The differences between corn
and yeast extract, the effect of corn extract
concentration on LA biosynthesis, and the
study of the levels of consumption of corn
extract components require detailed research.
They will be the goal of future work.

When Lb. delbrueckii UY-2/13 and
Q-50 were cultivated on media with glucose
concentrations of 150 and 180 g/dm?, almost
the same amount of lactic acid was obtained
(=70 g/dm?®). However, when using strain
PB-07, the amount of LA was approximately
12% lower, amounting to approximately 60 g/
dm?®. The results obtained indicate that strain
Lb. delbrueckii PB-07 has significantly higher
needs for amino acids, mineral salts, vitamins,
and other growth factors for the synthesis of
lactic acid. Therefore, strain Lb. delbrueckii
PB-07 was not used in further studies.

Stage 3. Study of the process of lactic acid
biosynthesis depending on changes in physical
fermentation conditions.

Fig. 3 and 4 present the results of a study
of the ability of lactic acid bacteria strains to
biosynthesize LA at different temperatures.

As shown in the graphs above, the optimal
fermentation temperature for both strains

90.00
80.00
70.00

60.00

Ln
=2
=
=3

LA and FRS. g/dm’®
S
g

30.00

20.00

10.00

0.00
30 325 35

—0=1Y-2/13 LA g/dm®

7790

of lactic acid bacteria is 40 °C. Increasing
the process temperature to 50 °C results
in a significant decrease in lactic acid
biosynthesis, which may be attributed to the
lysis of microorganisms and a reduction in
the enzymatic activity of metabolic pathways.
At the same time, reducing the fermentation
temperature to 30 °C was characterized by a
significantly smaller adverse effect on lactic
acid biosynthesis compared to increasing it
to 50 °C. The results obtained are entirely
consistent with previously published data by
Sarkar D. and Qin H. [26, 27]. In addition,
according to the data presented in Figs. 3
and 4, at temperatures of 30 °C and 40 °C,
the Lb. delbrueckii UY-2/13 strain was more
productive than the Q-50 strain. At the same
time, at a temperature of 50 °C, no differences
were observed between the studied strains.
According to the studies of Diptendu
Sarkar [26] and Susan Michelz Beitel [28], the
optimal conditions for the biosynthesis of lactic
acid by Lactobacillus spp. Strains are stirring
at a level of 100 to 150 rpm. In addition, it is
known that the presence or absence of mixing
does not affect the acid concentration at the
end of the process [29]. However, according to
the study’s results (Fig. 5), stable stirring at
120 rpm leads to a decrease in LA biosynthesis.
The acid concentration in this case decreases

40 425 45 47.5 30

Temperature, °C

=@==1JY-2/13 FRS. g/dm*

Q-50 LA g/dm’  =—8=0Q-50 FRS. g/dm’

Fig. 3. Values of free reducing sugars and lactic acid concentration at different fermentation temperatures
Note: Data are presented as mean * standard error.

*P < 0.05 compared to control (for each strain at 40 °C).
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110.00

100.00

40.00
30 325 35 37.5

—=UY-2/13

40 425 45 47.5 50

Temperature, °C

= )-50

Fig. 4. Lactic acid yield values at different fermentation temperatures

Note: Data are presented as mean *+ standard error.

*P < 0.05 compared to control (for each strain at 40 °C).

LA and FRS. g/dm?
]
]

UY-2/13 ()

UY-2/13 ()

we LA g/dm®  weem FRS. g/dm®

120.00

80.00

60.00

LA vield. %

40.00

20.00

0.00
Q-50(-) Q-50 (+)

LA yield. %

Fig. 5. Values of free reducing sugars, concentration, and yield of lactic acid in the absence
of stirring (—) and with constant stirring (+)

Note: Data are presented as mean * standard error.

*P < 0.05 compared to control (for each strain in the absence of stirring).

to 28-25 g/dm?, and the yield to 36-32%,
which indicates a significant adverse effect of
stirring and contradicts previously published
results.

It is also worth noting that in studies on
the influence of stirring on the lactic acid

50

biosynthesis process, the Lb. delbrueckii UY-
2/13 strain, as well as in the study of the
impact of temperature, turned out to be more
productive compared to the Q-50 strain. The
concentration of lactic acid was higher by
3 g/dm?, and the yield was higher by 4%.
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Therefore, the Lb. delbrueckii UY-2/13 strain
is more resistant to changes in the temperature
regime of the fermentation process and the
presence of stirring.

Thus, according to the research results,
a potential industrial producer of lactic
acid is the strain Lb. delbrueckii UY-2/13,
which, compared to other studied strains, is
characterized by a significantly higher degree
of bioconversion, the ability to synthesize high
amounts of lactic acid on a cheap nitrogen
source (corn extract), and is also more resistant
to adverse conditions of the fermentation
process.

Conclusions

Thus, a comprehensive assessment of
the biosynthetic potential of Lactobacillus
delbrueckii strains for lactic acid production
was conducted, encompassing the economic,
biochemical, and technological aspects of the
process.

During the study, one strain was selected,
namely Lb. delbrueckii UY-2/13, which has
the necessary qualities for a production
producer. The chosen strain is capable of
biosynthesizing approximately 100 g/dm?
of lactic acid in batch fermentation at high
initial glucose concentrations in the nutrient
medium (approximately 180 g/dm?). Despite
the decrease in lactic acid concentration when
using corn extract, the strain is capable of
synthesizing about 70 g/dm? of acid. It is
characterized by lower metabolic requirements
for the nitrogen source compared to others.

The effect of temperature and the
presence of agitation on the biosynthetic
capacity of the Lb. delbrueckii UY-2/13
strain was established. It was confirmed
that the fermentation temperature of 50 °C
has a significant inhibitory effect on the
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BIOCUHTETUYHUN IIOTEHII_IAJI IIITAMIB Lactobacillus @elbrueckii
Y BUPOBHHUIITBI MOJIOYHOI KUCJIOTHU: KOMIIJIEKCHUU AHAJII3

Kiie /1.1., Bacuniox C.B.
HamiomanpHuit yHiBepcuTeT «JIbBiBChbKA mOJiTeXHIKA», YKpaiHa
E-mail: dimakiiv@gmail.com

Mema. IIpoBecTu KOMILJIEKCHE OIIiHIOBAaHHSA 0iOCHMHTETHMUYHOTrO TMOTeHIiaay mramiB Lactobacillus
delbrueckii 11010 CUHTE3y MOJIOYHOI KMCJIOTH IJIs BUKOPUCTAHHSA B ITPOMUCJIOBOCTI.

Memoodu. O6’exToM mociim:kenHsa O0yau yorupu mramu Lactobacillus delbrueckii, 1110 CUHTE3YIOTh
mostouny Kucaory (MK). KoHIleHTpaIito MOJIOYHOT KUCJIOTH V KYJIbTYPaJIbHIiN pifnHiI HAOPUKiHIII IpoItecy
depMmeHTarii Bu3HavyaJu 3a LOIOMOTOI0 BHCOKoedeKTHMBHOI pimzuHHOI Xxpomarorpadii. Koumenrpaiiro
BIIBHUX PeAYKYBaAJbHUX PEUYOBUH Y JKUBUJIbHOMY CEpPEIOBUINI BU3HAUAIU MOAUDPDIKOBAHUM METOLOM
Beprpana, a HanpukiHIi npomecy — metrogom Beprpana uu Comomxu-Henbcona.

Pesyavmamu. Hocaimgxeno 6iocuHTe3 MOJIOYHOI KUca0oTH yoTupMa mramamu Lb. delbrueckii PB-07,
UY-2/13, BMP-92, Q-50 3a pisHuxX KOHIIEHTpAIlill AKepesa BYTJIEIl0, TUITiB AyKepesia a3oTy, a TAKOXK 3a
ontTumanbHuX (Temmeparypa 40 °C, 6es3 mepemiiryBanHs) Ta HecupuATansux (Temmeparypa 30 ta 50 °C,
HasBHiICTH mepeMimyBaHHs) ymMoBax (epmeHrarii. Bigi6pano oguu miram (Lb. delbrueckii UY-2/13)
3 HeOoOXiMHMMU IJd BUPOOHMUOTO IPOAYIleHTa SKocTaMu (O0iocuHTesd 6a1u3bK0 70 I‘/,E[M3 Ha JellleBoOMY
JIPKepeJIi a30Ty B PeKUMIi MepiofuUYHOr0 KyJIbTUBYBAaHHSA 38 BUCOKUX ITOYATKOBUX KOHIIEHTPAIIN TVIIOKO3U
B "KUBUJILHOMY cepemoBuIlli). BusBieHo, 1o BaromMy poJib BifirpawmoTs ¢isuuni mapamerpu. Temmepatypa
depmenTarnii 50 °C mae sHauHU raJabMiBHUN edeKT HA 6GioCMHTE3 MOJOUHOI KUCJI0TH, ToAl AK mpu 30 °C
HeraTUBHUH BILIUB € MeHII BupaskeHuM. Kpim Toro, mepeminyBanus npu KopurysauHi pH ta nigTpumansi
TeMuepatypu ¢epMeHTaIil moTpebye 0cOBIMBOTO KOHTPOJIIO.

BucHogku. IlepCIIeKTUBHUM IIITAMOM JJIS BIIPOBAKEHHS Y BUPOOHUIITBO € Lb. delbrueckii UY-2/13,
KYJAbTUBYBAHHS AKOTO i3 3aCTOCYBAaHHSAM €KOHOMIiUHO BUTiJHOI CUPOBUHHU (JEIIEBIITOT0 KYKYPYA3AHOTO
eKCTPaKTy) MOKe ITi IBUIITUTY PeHTA0eIbHICTh IIPOILECY OJePIKAHHI MOJIOUHOI KMCIOTH.

Knrwuosi cnosa: Lactobacillus delbrueckii, 6iocuuTes, MOJIOUHa KUCJIOTAa, (DepMeHTallid, JaKToOaKTepil,
BUPOOHUIITBO OPTaHIYHUX KUCJIOT, O10TeXHOJIOTIi.
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