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ABSTRACT

Obesity-associated metabolic disorders are influenced by gut microbiota, particularly lactic
acid bacteria (LAB), through bioactive metabolites such as conjugated linoleic acid (CLA)
and branched-chain amino acids (BCAAs). However, these properties are highly strain-
dependent. To evaluate local LAB strains for linoleic acid biotransformation, CLA
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production, BCAA synthesis, and physiological-biochemical safety characteristics. Four
strains — Lacticaseibacillus paracasei CM-4.2 and G/S 5, and Pediococcus acidilactici
AK 1.2 and AK 1.5 — were studied. CLA was analyzed by GC-MS; free amino acids by
HPLC. Safety properties were assessed per MUK 4.2.2602-101. L. paracasei CM-4.2
showed the highest 9, 11-CLA production (0.095 mg/mL vs. control 0.004). P. acidilactici
AK 1.2 had the highest precursor 9, 12-CLA (0.0925 mg/mL) and the highest total BCAA
content (66.310 mg/mL), especially leucine (34.197 mg/mL). No catalase, lecithinase,
gelatinase, amylase, or hemolysin activity was detected. Titratable acidity was 140—142°T;
all strains grew at 10°C, but only P. acidilactici strains and L. paracasei G/S 5 grew at
45°C. Results confirm that CLA and BCAA production are strain-specific and cannot be
generalized to species level. L. paracasei CM-4.2 shows strong potential for CLA-mediated
metabolic modulation, while P. acidilactici AK 1.2 is notable for BCAA synthesis. The
absence of virulence factors supports their safety. L. paracasei CM-4.2, P. acidilactici AK
1.2, and P. acidilactici AK 1.5 are promising candidates for metabolically targeted
probiotic and synbiotic formulations. Further genomic and in vivo studies are needed.

Introduction

Obesity is a complex metabolic condition marked by
excessive fat storage, accompanied by dysregulated lipid
and  glucose  metabolism, chronic  low-grade
inflammation, and abnormalities in gut flora. Recent
research underscores the crucial function of gut bacteria,

especially Lactobacillus species, in influencing host
metabolic  pathways  associated  with  obesity
development. The effects are primarily mediated by
bioactive microbial metabolites that affect energy
homeostasis, lipid metabolism, and host signaling
pathways [Ahmad, A., Yang, W., 2019]. Conjugated
linoleic acid (CLA), synthesized by lactobacilli, has
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garnered significant interest for its anti-obesity
properties. Strains like L. acidophilus, L. reuteri, L.
rhamnosus, and L. plantarum can metabolize dietary
linoleic acid into physiologically active CLA isomers
through distinct enzymatic routes. Microbial-derived
CLA diminishes adiposity by increasing energy
expenditure, inhibiting adipogenesis, and mitigating
inflammation related to obesity.

These effects mechanistically entail the activation of
thermogenic genes (e.g., UCP-2), the suppression of pro-
inflammatory cytokines (e.g., TNF-a), and the alteration
of gut microbiota composition. In addition to its effects
on obesity, CLA demonstrates antioxidant, anti-
inflammatory, and anticancer properties, highlighting its
significance for metabolic health [Ai, M., Sun, J., 2021,
Badawy, S., 2023].

Lactobacilli-produced branched-chain amino acids
(BCAAs) represent an additional way through which
these bacteria affect human metabolism. Probiotic strains
can influence BCAA availability and metabolism,
impacting Acetyl-CoA synthesis, lipogenesis, and energy
equilibrium. The fermentation of branched-chain amino
acids (BCAAs) produces branched-chain fatty acids
(BCFAs), which serve as signaling molecules that affect
lipid metabolism, gut-muscle communication, and
enzymatic functions in the gastrointestinal tract. BCAA-
related pathways overlap with bile acid metabolism and
lipolytic enzyme activity, collectively influencing fat
breakdown and absorption [Zhu, Q., Zeng, Y., 2022].

This study aimed to characterize metabolic potential of
local strains of lactic acid bacteria with respect to linoleic
acid biotransformation, CLA production, and BCAA
synthesis, and to identify strains with favorable
physiological and safety-related properties for further
development as functional probiotic and synbiotic
candidates.

Materials and Methods

Microorganisms and their cultivation conditions. In this
study, the following 4 lactobacillus strains were used:
Lacticaseibacillus paracasei — 2 strains, Pediococcus
acidilactici — 2 strains. All studied strains were deposited
in the Collection of Microorganism Cultures of the
Institute of Microbiology of the Academy of Sciences of
the Republic of Uzbekistan. Before starting the
experiments, the strains were activated by subculturing
twice in MRS broth.

Synthesis of conjugated linoleic

lactobacillus strains

acid by

The ability of lactobacilli to synthesize conjugated
linoleic acid (CLA) was determined by the GC-MS (gas
chromatography—mass spectrometry) method.

Three ml of the analyzed solution were mixed with 30 pl
of octadecanoic acid (Sigma Chemical Co.) as an internal
standard and 6 ml of isopropanol and vigorously shaken;
then 4 ml of hexane were added, and the mixture was
shaken for 3 minutes and then centrifuged at 5000 g for
5 minutes at 5°C.

The upper layer was collected by aspiration and filtered
through sodium sulfate. After filtration, the sodium
sulfate was washed with an additional 4 ml of hexane.
The lipid fraction of the sample was collected in a 12 ml
pear-shaped flask and dried in a nitrogen atmosphere at
70°C in a rotary evaporator. The dried sample was
redissolved in 200 pl of hexane and transferred to a
microtube.

To the tube containing the extracted lipid fraction, 50 pl
of methanolic sodium hydroxide (1 N) were added, and
the mixture was shaken for 1 min, then kept at 70°C in a
water bath for 15 min. Free fatty acids in the mixture
were methylated by adding 100 pl of a 14% solution of
boron trifluoride in methanol (Sigma Chemical Co., St.
Louis, Missouri) at room temperature for 30 min. Then
0.2 ml of hexane and 0.1 ml of water were added, the
samples were thoroughly shaken and centrifuged at 2000
g for 3 min. The organic layer was collected in a vial for
GC-MS analysis.

The analyses were performed with an Agilent
Technologies 8890B gas chromatograph equipped with
an Agilent Technologies 5977B mass detector. The
analyses were carried out on a CP Sil 88 column (300 m
% 0.25 mm) containing 100% cyanopropylsiloxane as the
stationary phase, with a film thickness of 0.20 um.

Chromatography conditions: isothermal temperature
180°C, injector temperature 250°C and detector
temperature 250°C.

The split ratio was 1:50, the carrier gas was hydrogen
with a constant flow of 1 ml/min. The injected sample
volume was 1 pl. Peaks were identified by comparison
with the retention times of standard samples. Using
MassHunter software, the amounts of the analyzed
substances were determined [Kishino S., 2002].
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Quantitative determination of the content of free
amino acids in the culture liquid of lactobacillus
strains by HPLC

A quantitative analysis of 20 free amino acids in the
culture liquid of lactobacillus strains was carried out.
MRS broth without inoculated strains was used as a
control. 50 ul of culture were inoculated into 5 ml of
MRS broth and incubated at 37°C for 18 hours. To 1 ml
of sample, 1 ml of 10% trichloroacetic acid was added,
proteins were precipitated, and it was centrifuged at 8000
rpm for 15 minutes. In 0.1 ml of lyophilized supernatant,
synthesis of phenylthiocarbamyl (PTC) derivatives was
carried out. Amino acid derivatives were determined by
the HPLC (high-performance liquid chromatography)
method: Agilent Technologies 1200 (DAD detector),
column 75 x 4.6 mm Discovery HS C18 (3 um). Flow
rate 1.2 ml/min, detection at 269 nm. Qualitative and
quantitative calculation of amino acids was carried out by
comparing the retention time and peak area of standards
and samples [Zhu, Q., 2022].

Determination of biochemical activity of LAB
strains

Biochemical characterization includes fermentation of
various carbohydrates by LAB, production of specific
enzymes, and testing of resistance to pH and temperature
conditions. This information helps to characterize the
metabolic capabilities of LAB strains, assess their safety
and harmlessness. Using the methods described in MUK
4.2.2602-101, the physiological-biochemical properties
of probiotic strains such as catalase activity, lecithinase
activity, hemolysin activity, gelatinase activity, amylase
activity, and titratable acidity were studied [MUK
4.2.2602-101].

Results and Discussion

Synthesis of conjugated linoleic

lactobacillus strains

acid by

The transformation of linoleic acid into conjugated
linoleic acid (CLA) by 4 local lactobacillus strains was
studied using the GC-MS method. Conjugated linoleic
acid (CLA) constitutes a group of isomers of linoleic acid
with high biological activity.

Studies show that the ability to synthesize CLA is a
strain-specific property, which differs significantly

among Lactobacillus species and strains. Some strains
are capable of producing a much higher amount of CLA
during fermentation. This opens up possibilities for their
use in the development of functional probiotic products
and synbiotic preparations aimed at the prevention of
metabolic disorders.

The obtained results demonstrated high strain-specific
specificity in the production of octadecadienoic acid
isomers, including precursors and biologically active
forms of conjugated linoleic acid (CLA). In the strain
Pediococcus acidilactici AK 1.2 (0.0925), the
concentration of 9, 12-octadecadienoic acid was
significantly higher, and the indicators of Lactobacillus
paracasei CM-4.2 (0.089) and Pediococcus acidilactici
AK 1.5 (0.080) were found to be higher compared with
the control (0.03). This indicates that these strains
actively participate in linoleic acid metabolism.
Considering that the 9, 12-isomer can be regarded as a
substrate or intermediate compound in CLA biosynthesis,
the high level of this metabolite indirectly confirms the
functional activity of enzyme systems involved in fatty
acid isomerization (Table 1).

The obtained results demonstrated high strain-specific
specificity in the production of octadecadienoic acid
isomers, including precursors and biologically active
forms of conjugated linoleic acid (CLA). In the strain
Pediococcus acidilactici AK 1.2 (0.0925), the
concentration of 9, 12-octadecadienoic acid was
significantly =~ higher, and the indicators of
Lacticaseibacillus CM-4.2 (0.089) and Pediococcus
acidilactici AK 1.5 (0.080) were found to be higher
compared with the control (0.03). This indicates that
these strains actively participate in linoleic acid
metabolism. Considering that the 9, 12-isomer can be
regarded as a substrate or intermediate compound in
CLA biosynthesis, the high level of this metabolite
indirectly confirms the functional activity of enzyme
systems involved in fatty acid isomerization.

The most pronounced differences were observed in the
analysis of 9, 11-octadecadienoic acid (c9, t11-CLA), the
dominant and most biologically active isomer of CLA.
Lacticaseibacillus paracasei CM-4.2 exhibited the
maximum production level (0.095), which was
significantly higher than the control (0.004) and other
strains, including Lacticaseibacillus plantarum FC 2.2
(0.0026). This indicates high isomerase activity in L.
paracasei CM-4.2 and possibly the presence of a
functionally active linoleate isomerase complex [Temimi
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WKAA, 2022]. The increased production of 9, 11-CLA
is of significant importance, since it is this isomer that is
associated with anti-adipogenic, anti-inflammatory, and
metabolic-modulating effects, including regulation of
PPAR signaling pathways, reduction of lipogenesis, and
improvement of insulin sensitivity [Brown, J. M., 2003].

An interesting aspect is that the strain Pediococcus
acidilactici AK 1.2 had a high indicator for the
production of 9, 12-octadecadienoic acid, but in this
strain the level of 9, 11-CLA (0.0438 mg/mL) was lower
than in the strain Pediococcus acidilactici AK 1.5 (0.074
mg/mL). This may reflect differences in the efficiency of
converting the substrate into the final biologically active
isomer and emphasizes the need for molecular analysis of
genes encoding linoleate isomerases and evaluation of
the expression of the corresponding enzymes. The total
production of octadecadienoic acids was also highest in
Lacticaseibacillus paracasei CM-4.2 (0.095 mg/ml), once
again confirming its metabolic superiority. The average
values obtained for Pediococcus acidilactici AK 1.5
(0.056) indicate the presence of CLA production
potential, but mean that the bioconversion efficiency of
these strains is relatively lower.

The observed CLA-producing capacity of
Lacticaseibacillus paracasei is consistent with previous
evidence indicating that members of this species are
capable of biotransforming linoleic acid (LA) into
conjugated linoleic acid (CLA). In the study under
consideration, strain 9#, identified as L. paracasei,
exhibited a relatively high CLA-producing activity,
reaching 54.28 + 2.12 pg/mL under the initial cultivation
conditions. Notably, optimization of the cultivation and
conversion parameters increased CLA production to
94.68 £ 3.57 ug/mL, demonstrating that the efficiency of
LA Dbiotransformation is strongly dependent on the
physiological and technological conditions of the process
[Chen, C., 2024].

Overall, these results confirm that the ability to
synthesize CLA is strictly a strain-specific property and
cannot be generalized to the species level. Among the
studied strains, Lacticaseibacillus paracasei CM-4.2
demonstrated the greatest potential as a candidate for a
functional probiotic with properties that modulate fat
metabolism. Considering the role of ¢9, t11-CLA in the
prevention of obesity, metabolic syndrome, and chronic
low-grade inflammation, this strain is of particular
interest in the development of probiotic or synbiotic
formulations aimed at correcting metabolic disorders.

Activity of lactobacillus strains in synthesizing
branched-chain amino acids (BCAAs)

Branched-chain amino acids (BCAAs) — leucine,
isoleucine, valine — complement the metabolic profile of
the tested strains. BCAAs participate in the regulation of
energy metabolism by activating mTOR signaling
pathways and affect protein synthesis and glucose
metabolism.

Although an increase in blood BCAA levels is associated
with metabolic disorders, local microbial synthesis in the
intestine, especially together with the production of
SCFAs, may play a regulatory and signaling role [Yoon
M. S. (2016).

The presented table reflects the amino acid profile (mg/g)
specific to various strains of lactobacilli, among which
branched-chain amino acids, namely valine, leucine, and
isoleucine, are of particular interest. This is because they
play an important role in regulating energy metabolism
and can be considered important metabolites of
probiotics used in the correction of metabolic disorders
and obesity (Table 2).

Valine. The amount of valine varies from 9.083 to
16.391 mg/mL. The highest concentration was found in
the strain Pediococcus acidilactici AK 1.2 (16.391
mg/mL), which is approximately 27% higher than the
control value (12.874 mg/mL). The high production of
valine indicates high activity of amino acid metabolism
and the potential of the strain to participate in the
regulation of energy metabolism.

Leucine. Leucine is the metabolically most important
amino acid among BCAAs, since it activates the mTOR
signaling pathway and regulates lipid and carbohydrate
metabolism. In the studied strains, its concentration
varies from 3.202 to 34.197 mg/mL. The highest
indicator was observed in the strain Pediococcus
acidilactici AK 1.2 (34.197 mg/mL).

These values are much higher than the control indicator
(18.739 mg/mL), which indicates the high ability of these
strains to synthesize leucine. Leucine is a strong activator
of the mTOR signaling pathway; it stimulates protein
synthesis, increases energy expenditure, and may reduce
fat tissue accumulation [Zhu, Q., 2022]. Leucine has also
been shown to enhance fatty acid oxidation and
contribute to body weight reduction in obesity [Lynch
C.J.,2014].
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Table.1 Properties of lactobacillus strains for the synthesis of conjugated linoleic acid

| S.No. | LAB strain 9, 12-Octadecadienoic Formed 9, 11-octadecadienoic | Transformation activity Product amount
acid (substrate), mg/ml acid (product), mg/ml index C9, 11/C9, 12 relative to control,
times

1 Control (MRSbroth) 0030 00040 013 100
L. paracasei CM-4.2 0.0890 0.0950 1.067 23.75

3 PoacidilacticiAK12 00925 0043 0474 1095
4 | L.paracaseiG/S5 | 00610 | 00031 . 001 | 078
| | |

Table.2 Synthesis of branched-chain amino acids (BCAAs) by lactobacillus strains

Amino acid name Control | Ped. Acid. AK 1.5 | Ped. Acid. AK 1.2 | L. pc. CM-4.2 | L. pc G/S 5

_Concentration,mg/mL
| | |

| | |

Table.3 Physiological-biochemical properties of LAB

S.No. | Strains Catalase | Lecithinase | Gelatinase | Amylase | Hemolysin | Titratable Growth Growth
acidity, °T temperature temperature
limits: 10°C limits: 45°C
2| Ped.acidilacticiAKLS | - | - | - | - | - | 140 | 4+ |+

4 L. paracasei G/S 5 — - — - - 140 + +
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Isoleucine. Isoleucine is important in regulating glucose
metabolism and increasing tissue insulin sensitivity. Its
amount ranged from 9.254 to 15.722 mg/g. The highest
concentration was found in strain AK 1.2 (15.722 mg/g),
as well as in the strain Lacticaseibacillus paracasei G/S 5
(14.319 mg/mL). Isoleucine also plays an important role
in regulating glucose metabolism and increasing tissue
insulin sensitivity. The highest amount of this amino
acid was found in the strains Pediococcus acidilactici
AK 1.2 (15.72 mg/mL) and Lacticaseibacillus paracasei
G/S 5 (14.31 mg/mL).

Analysis of the amino acid profile of the studied
lactobacillus strains showed the presence of significant
differences in their ability to synthesize biologically
active amino acids involved in energy metabolism, lipid
metabolism, and regulation of the body's metabolic
homeostasis. Considering the modern concept of the "gut
microbiota—host metabolism" axis, metabolites of
probiotic microorganisms, including amino acids, are
regarded as important regulators of metabolic processes
associated with the development of obesity and
metabolic syndrome [Turnbaugh P.J., 2006]. The
obtained results allow these strains to be regarded as
promising probiotic cultures for the development of
synbiotic preparations aimed at the prevention and
correction of obesity and metabolic disorders, which
corresponds to modern development trends in functional
microbiology and probiotic therapy.

Physiological and biochemical characterization
of strains

Based on the results of the above studies, the
physiological-biochemical properties of 4 probiotic
strains selected for inclusion in the synbiotic agent were
studied, such as the presence of virulence factors:
activity in synthesizing catalase, lecithinase, gelatinase,
hemolysin, and amylase enzymes, titratable acidity, and
growth temperature limits. The obtained results are
presented in Table 3.

According to the table results, in the strains Ped.
acidilactici AK 1.2, Ped. acidilactici AK 1.5, L.
paracasei HC 4.2, L. plantarum FC 2.2, and E. faecium
1, the activity of catalase, lecithinase, gelatinase,
amylase, and hemolysin enzymes was not detected, i.e.,
all strains showed a negative result for these enzymes.
This indicates that these strains do not possess

pathogenic or virulent properties and demonstrates their
biological safety.

It is known that the absence of catalase enzyme in lactic
acid bacteria (LAB) is associated with their inability to
synthesize heme, which is the prosthetic group of the
enzyme. For this reason, catalase activity is usually not
observed in them. At the same time, in some cases, when
heme is introduced from the external environment,
heme-containing catalase can be formed in LAB. In
some species, a pseudocatalase that does not contain a
heme group has been identified, which is an enzyme
complex composed of several identical polypeptide
chains.

The titratable acidity indicators of the strains also
differed: in the strains Ped. acidilactici AK 1.2 and Ped.
acidilactici AK 1.5 they amounted to 140°T, and in the
strain L. paracasei CM-4.2 it amounted to 142°T. These
results indicate that organic acid synthesis is higher in
some strains.

According to the results of assessing growth temperature
limits, all strains were found to be capable of growing at
10°C. At 45°C, the strains Ped. acidilactici AK 1.2 and
Ped. acidilactici AK 1.5 retained growth, while such a
property was not observed in the strain L. paracasei CM
4.2.

In conclusion, the present
pronounced strain-dependent  differences in the
metabolic and physiological properties of the
investigated lactic acid bacteria, confirming that the
functional potential of probiotic microorganisms cannot
be reliably predicted solely at the species level. The
strains differed substantially in their ability to
biotransform linoleic acid and synthesize biologically
relevant metabolites, including conjugated linoleic acid
(CLA) isomers and branched-chain amino acids
(BCAAs). Among the tested cultures, Lacticaseibacillus
paracasei CM-4.2 showed the most pronounced capacity
for CLA biotransformation, producing the highest level
of 9, 11-octadecadienoic acid (0.095 mg/mL), whereas
Pediococcus  acidilactici AK 1.2  demonstrated
particularly high production of the precursor 9, 12-
octadecadienoic acid and the highest total BCAA
content. P. acidilactici AK 1.5 also exhibited substantial
CLA-producing activity.

study demonstrated
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The observed metabolic profiles indicate that selected
strains may simultaneously contribute to lipid and amino
acid metabolism, providing a basis for their further
investigation as functional probiotic components aimed
at modulation of metabolic disturbances associated with
obesity. The marked differences between strains also
emphasize the importance of strain-level screening and
characterization when developing targeted probiotic or
synbiotic formulations.

Physiological and biochemical characterization further
supported the suitability of the selected strains for
subsequent development studies. The tested cultures
showed no detectable catalase, lecithinase, gelatinase,
amylase, or hemolysin activity, while demonstrating
characteristic acid-producing capacity and growth within
the investigated temperature range. These findings
provide preliminary evidence of their favorable safety-
related phenotype and technological potential.

Overall, L. paracasei CM-4.2, P. acidilactici AK 1.2,
and P. acidilactici AK 1.5 represent promising
candidates for further development of metabolically
targeted probiotic and synbiotic formulations. Further
studies, including whole-genome analysis,
characterization of genes and enzymes involved in
linoleic acid biotransformation, optimization of
fermentation conditions, and in vivo validation, are
required to confirm the mechanisms underlying their
functional effects and to establish their efficacy and
safety.
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