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Abstract: Multiple sclerosis (MS) is a chronic autoimmune disease of the cen-
tral nervous system. The aim of this work was to study the probiotic effect of
y-aminobutyric acid (GABA)-producer Lactobacillus brevis BGZLS10-17 on
experimental autoimmune encephalomyelitis (EAE), an experimental animal
MS model. Clinical EAE symptoms were monitored in Dark Agouti (DA) rats
treated with L. brevis BGZLS10-17 strain, or supernatant obtained from 48 h
culture of L. brevis BGZLS10-17 cultivated in growth medium with or without
GABA precursor monosodium glutamate (MSG). The results revealed that oral
administration of L. brevis BGZLS10-17 alleviates the symptoms of EAE in
DA rats. Namely, treatment with BGZLS10-17 and the supernatant of the strain
cultivated in medium with MSG delayed the onset, shortened the duration, and
reduced the intensity of the disease in the period when the EAE symptoms in
controls were most pronounced. The probiotic treated animals were completely
recovered after forty days, unlike the control animals. The results indicate that
supplementation with live strain or with supernatant containing GABA pro-
duced by L. brevis BGZLS10-17 could alleviate the EAE symptoms. However,
the use of L. brevis BGZLS10-17 in functional food as probiotic for autoim-
mune diseases should be tested in clinical trials.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune, inflammatory neurological
disease of central nervous system (CNYS) often leading to severe physical or cog-
nitive disability and neurological defects.! MS is characterized by multifocal
demyelination and axonal damage resulting in dysfunction and death of neurons,
mostly targeting the young adults.2 The cause of the disease is still unknown,
although it seems to be a combination of genetic susceptibility and non-genetic
and environmental factors.3 MS was recently linked to gut microbiota dysbio-
sis.*> The connection between the brain and gastrointestinal tract — GIT (gut
brain axis, GBA) is a two-way communication between the central and enteric
nervous systems. The link between the GIT microbiota and GBA is also bidir-
ectional and occurs via neural, endocrine, immune, and humoral factors.® The
balance between the microbiota and the intestinal barrier is disturbed during
chronic inflammation and autoimmune diseases, and one of the very attractive
fields of research is the use of certain microorganisms to restore the balance.

The etiology of MS is related to reduced level of plasma GABA and acti-
vities of enzyme glutamic acid decarboxylase (GAD).” A number of clinical stu-
dies investigated glutamate and y-aminobutyric acid (GABA) levels in MS pati-
ents. The lower glutamate levels in sensorimotor and parietal regions of the left
cerebral hemisphere of the brain, as well as higher GABA levels in sensorimotor
region were detected in MS patients compared to healthy controls.8 On the other
hand, significantly lower GABA and glutamate levels, associated with verbal and
visuospatial memory deficits, were reported in relapsing remitting MS patients
compared to healthy controls.” The studies indicated that modulation of gluta-
mate and GABA levels could be a novel therapeutic strategy for treatment of
early stages of MS.9

GABA is a major inhibitory neurotransmitter with antidepressant, antihyper-
tensive, anti-diabetic effects. It regulates pain sensations, anxiety, and serum lipid
levels in humans.10 Apparently, GABA has an immunomodulatory effect and a
specific role in autoimmune diseases like multiple sclerosis, type 1 diabetes, and
rheumatoid arthritis. It is a non-protein amino acid synthesized by glutamic acid
decarboxylase (GAD) in the irreversible reaction of a-decarboxylation of L-glu-
tamic acid.!! The GAD pathway is encoded by the gadB and gadC genes regul-
ated by the GadR activator; it is induced by presence of glutamate and/or envi-
ronmental stresses such as acidity, osmotic stress, or starvation and has a role in a
stress-resistance.!2 GABA is produced by various microorganisms including lac-
tic acid bacteria (LAB).13,14

In our previous work, the probiotic properties of GABA-producing Lacto-
bacillus brevis BGZLS10-17 natural isolate from artisanal cheese from Zlatar
Mountain was evaluated.!3 The high adhesion of BGZLS10-17 strain to Caco-2
cells and the exclusion ability of Escherichia coli ATCC25922 and Salmonella
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enterica C29039 was revealed. Interestingly, we have shown in an in vitro model
of inflammation-induced disruption of the intestinal barrier that GABA-contain-
ing supernatant of BGZLS10-17 culture decreased the production of IL-8 and
increased the expression of TGF-f cytokines and had protective effect on the int-
estinal epithelial barrier through stimulation of expression of tight junction pro-
teins.!5 As the restraint of exacerbated inflammation and the stabilisation of inte-
stinal barrier was suggested to be very important for MS treatment, in this work
the effect of GABA-producing BGZLS10-17 as well as GABA-enriched super-
natant of this probiotic strain on clinical symptoms of EAE in DA rats was inves-
tigated. Our aim was to test if BGZLS10-17 could be used as adjunct starter cul-
ture for production of GABA-enriched dairy functional food in therapy for vari-
ous inflammatory diseases, including multiple sclerosis.

EXPERIMENTAL
Bacterial strains

Lactobacillus brevis BGZLS10-17, GABA-producing natural dairy isolate from artisanal
Zlatar cheese (bacterial collection of Laboratory for Molecular Microbiology, IMGGE) was
used in this study. BGZLS10-17 was cultured in De Man, Rogosa and Sharpe (MRS) broth
(Merck, Darmstadt, Germany) at 37 °C under anaerobic conditions using Anaerocult A
(Merck). In order to stimulate GABA production, the strain was cultivated in MRS broth with
addition of 0.6 % monosodium glutamate (MSG, Acros Organics, Morris Plains, NJ, US) for
48 h at 37 °C under anaerobic conditions. Supernatants were neutralised to pH 7 and then
filtrated through 0.22 um filters (Sarstedt, Niimbrecht, Germany). For fermentation purposes
strain Streptococcus thermophilus BGKMJ1-36 was used. BGKMJ1-36 was grown in M17
medium, pH 7.2 (Merck) supplemented with 0.5 % glucose (GM17) at 37 °C, under anaerobic
conditions.

Molecular characterisation of the gad gene

The total DNA of lactobacilli strain was extracted using the QIA DNA Mini Kit (Qiagen
GmbH, Hilden, Germany). The PCR amplification of complete gad gene was performed by
gadBBF (5’-GACCGGTCATGAGGCG-3’) and gadBBR (5’-CATTACTCGCCGTTCGGC-
-3”) primers (this work). Briefly, 25 pl of reaction mixture contained 500 ng/ul of DNA, 0.5 U
of Q5 high-fidelity DNA polymerase (New England BioLabs, Inc.), 200 uM of each deoxy-
nucleoside triphosphate, 0.5 pM of both primers and 1xQ5 reaction buffer. Conditions for
DNA amplification were: denaturation at 98 °C for 30 s; 30 cycles of polymerization at 98 °C
for 10 s, 38 °C for 30 s and 72 °C for 1 min 30 s; and elongation at 72 °C for 5 min. The
obtained PCR amplicons were purified (Qiagen, GmbH, Hilden, Germany) and sequenced
(Macrogen, Amsterdam, the Netherlands). Sequence annotation and the database searches for
sequence similarities were performed with the BLAST tool available online (http://
//'www.ncbi.nlm.nih.gov/BLAST).

Database search and in silico phylogenetic analysis

Database search for protein sequence similarities was done using the BLAST tool
(http://blast.ncbi.nlm.nih.gov). To build the GAD protein profile the PSI-BLAST!> homology
searches were restricted to Lactobacillaceae and e-value cut-off of le—4. All hits that exhi-
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bited at least 40 % identity and over 70 % of the query fragment length were maintained for
further analysis. GAD protein from L. brevis BGZLS10-17 was used as a GAD prototype.

The phylogenetic interpretations were obtained by MEGA version 7.0.1® Multiple protein
sequence alignments were performed using Clustal W with default parameters. The cons-
truction of a GAD phylogenetic tree was conducted by the maximum-likelihood (ML) method
using a Jones—Taylor—Thornton (JTT) model. Bootstrapping of 1000 replicates was used to
infer confidence levels of ML trees. An online tool (iTOL) v3 was used for the tree display.!”

pH evolution in MRS with and without MSG

L. brevis BGZLS10-17 was inoculated (2 %) in MRS medium (Merck) and MRS
medium with addition of 1 % MSG (Acros Organics) and the pH was measured with Thermo
scientific Orion Versa Star advanced electrochemistry meter using Orion™ Versa Star Pro™
meter software every 15 min for 48 h. Growth was monitored by measuring the optical density
at 600 nm, ODgo (Eppendorf Bio Photometer Plus, Hamburg, Germany), and bacterial cells
were counted by plating serial dilutions on MRS agar plates.

Experimental animals, induction of experimental autoimmune encephalomyelitis (EAE),
treatment and evaluation

Female DA rats (8—10 weeks of age) were maintained in the animal facility of the Insti-
tute for Biological Research “SiniSa Stankovi¢”. Animal experiments were approved by the
local ethics committee (Institute for Biological Research “SiniSa Stankovi¢”, No. 03-1/15).
Housing of the rats was performed under conventional conditions. Five rats were kept in the
same cage. EAE was induced with rat spinal cord homogenate (SCH) in PBS (50 %) mixed
with equal volume of CFA (Complete Freund Adjuvant, Difco, Detroit, MI, USA). The
animals were injected subcutaneously into the hock of one hind limb. The rats were monitored
daily for clinical symptoms (c.s.) of EAE and scored according to the following scale: 0 — no
c.s.; 1 — flaccid tail; 2 — hind limb paresis; 3 — hind limb paralysis; 4 — moribund state or
death. DA rats had EAE onset on 9-11 d.p.i. (c.s. 1), peak on 12-16 d.p.i. (c.s. 2—4) and
recovery on 18-22 d.p.i. (c.s. 1 or less).

Animals, 5 per group, were separated in four groups: group 1 was treated with 50 ml/day
MRS broth — control group; group 2 treated with 50 ml/day of BGZLS10-17 strain for 16 h in
MRS. (colony forming units [CFU]/ml ~10°); group 3 treated with 50 ml/day of cell free
supernatant obtained from BGZLS10-17 cultivated for 48 h in MRS without MSG (no GABA
production); group 4 treated with 50 ml/day of cell-free supernatant from BGZLS10-17 culti-
vated for 48 h in MRS with MSG (stimulation of GABA production). Each treatment lasted
30 days. Differences between the control and experimental groups were compared using
Student’s ¢-test. Values of p < 0.05 or less were considered statistically significant.

Proteolytic activity

Proteolytic activities of the BGZLS10-17 strain were essentially assayed as described
previously.!8 For this purpose, BGZLS10-17 was grown on MCA plates for 48 h, at optimal
growth conditions prior to cell collection. Collected fresh cells (10 mg) were resuspended in
50 ul of 0.1 M sodium phosphate buffer, pH 6.8, to approximate density of 100 cells/ml. The
cell suspension was mixed with substrate dissolved in the same buffer at a 1:1 volume ratio
and incubated for 3 h and 24 h at 37 °C. The substrates used for proteolytic assay were either
o-, -, k-casein fractions or total casein (5 mg/ml, Sigma, St. Louis, MO, USA). After that,
cells were pelleted by centrifugation (5 min at 12.000 g), and the supernatant was then used
for preparation of samples for sodium dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE). Samples were prepared by heating of obtained supernatant (100 °C for 2 min)
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with an equal volume of 0.125 M Tris—HCI buffer (pH 6.8) containing 4 % SDS, 20 %
glycerol, 10 vol. % p-mercaptoethanol, and 0.07 % bromophenol blue. Analysis of casein
hydrolysis was carried out on SDS-PAGE by loading 12.5 % polyacrylamide gel with pre-
pared samples. Gels were run on vertical electrophoresis cells for 20 h at 10 mA constant
current. Gels were stained with Coomassie brilliant blue R250 (SERVA, Heidelberg, Ger-
many) and destained in a mixture of methanol (20 %) and acetic acid (7 %) in distilled water.
Fermented milk beverage preparation

To produce fermented milk beverage strains L. brevis BGZLS10-17 and S. thermophilus
BGKMJ1-36 were used. BGZLS10-17 was cultivated for 16 h in 100 ml of MRS broth at
37 °C anaerobically while BGKMJ1-36 was grown in 100 ml of GM17 broth for 16 h at 37 °C
anaerobically.

The acidification ability of the strain BGZLS10-17 in skim milk was tested in following
way: i) 4 % of BGZLS10-17 of 16 h old culture was inoculated in 100 ml of pasteurized milk
(Imlek, Belgrade, Serbia) with or without yeast extract (YE), 4 g/l (Torlak, Belgrade, Serbia)
or MRS broth 20 % (Merck). Fermentation process was monitored for 24 h; i) 1% of
BGKMIJ1-36 of 16 h old culture was inoculated in 100 ml of pasteurized milk (Imlek) and the
fermentation process was monitored for 6 h or until the pH reached 4.9; iii) mixed culture:
4% of BGZLS10-17 and 1 % of BGKMJ1-36 were inoculated in 100 ml of pasteurized milk
(Imlek) and the fermentation process was monitored for 6 h or until the pH reached 4.9. All
fermentation processes were performed at 42 °C. Then the cultures were cooled to 5 °C for
2 h. After this cooling time, the storage time was considered equal to 0 day (d). During storage
(at 5 °C) every 7 d cultures were taken to determine pH and viability of bacteria (CFU/ml)
until 21 d. All experiments were done in triplicates.

RESULTS AND DISCUSSION
Molecular characterization and phylogenetic analysis of the L. brevis gadB gene

L. brevis BGZLS10-17, the high GABA-producing strain!3 was screened for
the presence of the gad gene. The PCR amplification with primers complemen-
tary to the complete gad genes gave a PCR product of 1440 bp. The predicted
amino acid sequences of L. brevis BGZLS10-17 showed 98 % identity to the
gadB of L. brevis (WP_011666890.1).

The maximum likelihood (ML) phylogenetic analysis of GAD proteins from
the entire Lactobacillacae family separated GAD proteins into three groups (Fig.
1). Group I consists of the GAD proteins from L. aviarius, L. antri, L. oris and L.
reuteri. Group II includes BGZLS10-17 isolate (Fig. 1). Although the group II
mainly consists of the gadB gene from L. brevis (55 %) there were also L. avia-
rius, L. coleohominis, L. curvatus, L. farraginis, L. parakefiri, L. plantarum,
Pediococcus acidilactici, L. paracasei, L. buchneri, L. rennini, L. rossiae, L. sen-
maizukei, L. spicheri and L. sakei. Dominant GAD protein of the group III
belongs to L. plantarum (60.4 %). The second abundant species is L. brevis (20.8
%), while the rest of the group consists of the GAD protein from L. gastricus, L.
fermentum, L. suebicus, L. collinoides, L. paracollinoides, L. herbarum, L. para-
planatrum, L. reuteri and L. delbruecki. Multiple sequence alignment compar-
isons revealed that 60 % of the gadB alleles are polymorphic. There are 13 %
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polymorphic gadB alleles in group I (60 out of 459 amino acids positions), 61 %
polymorphic alleles in group II (297 out of 490 amino acids positions) and group
III has 68 % polymorphic alleles (310 out of 457 amino acids positions).

Tree scale: 0.1 ——

group Il

Colored ranges
. group |
B goupi
. group Il

group Il

Fig. 1. Phylogenetic inferences of GAD protein among Lactobacilaceae. A phylogenetic tree
of GAD proteins was constructed with the maximum likelihood (ML) method using a Jones—
—Taylor—Thornton (JTT) model distance matrix. The confidence levels were computed from
1000 bootstrap resamples of alignment used for phylogenetic inferences by ML method. The
shades of gray represent the three different groups (I-III) consisting of Lactobacillus spp. from
the database and the BGZLS10-17 isolate (arrow).

Treatment of EAE

In order to evaluate the possible beneficial effect of GABA on autoimmune
diseases, in this study were treated DA rats, prone to EAE induction, with the
GABA-producing strain BGZLS10-17, as well as with GABA-enriched cell-free
supernatant of BGZLS17-10 grown for 48 h. The results of this in vivo study
showed that the strain L. brevis BGZLS10-17 decreased the disease severity in
DA rats. Treatment with BGZLS10-17 delayed disease manifestation and short-
ened the duration of the disease, while the peak of the disease was entirely red-
uced, and the animals were completely recovered after forty days, that was not
observed in control animals (Fig. 2).

The amelioration of the EAE symptoms also occurred when GABA-enriched
cell-free supernatant of the L. brevis BGZLS10-17 grown for 48 h was used,
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clearly indicating the role of GABA produced by BGZLS10-17 in improvement
of EAE prognosis. However, slight improvement of the EAE symptoms was
scored when the cell-free supernatant of the BGZLS10-17, grown for 48 h in
MRS without MSG, was used, suggesting that other beneficial metabolites
(molecules) in cell-free supernatant of the BGZLS10-17 could act as a possible
postbiotic (Fig. 3a and b). Comparing the effects of live strain and its superna-
tants, it can be observed that treatment with both live BGZLS10-17 and its
GABA-containing supernatant alleviate the development of the second peak of
EAE (relapse), while application of the live strain shows more significant effect
in alleviating EAE symptoms in this phase of the disease. At the same time only
the treatments with supernatants statistically delay the onset of the disease
probably due to the time needed for the live strain to colonize the GIT, while
bioactive molecules contained in the supernatants can achieve its effect imme-
diately after implementation.
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Fig. 2. The effect of the BGZLS10-17 on the clinical score of EAE in female DA rats. Female
DA rats were immunized with SCH mixed with CFA, which led to the manifestation of
symptoms similar to multiple sclerosis. The animal control group consumed MRS medium,
while the experimental group consumed BGZLS10-17 grown in MRS medium for 16 h (10°
cells/rat daily). x-Axis represents clinical score of EAE symptoms, while y-axis represents
days after immunization. Clinical picture of the disease was monitored from 7 up to 42 days.
The results are presented as mean values (n = 5 rats per group) + standard deviation.

*p <0.05, **p <0.01; d — days.

GABA-mediated pH resistance of BGZLS10-17

Hence, in order to use the strain L. brevis BGZLS10-17 as probiotic for pre-
vention and/or treatment of autoimmune diseases, successful colonization of the
host is needed. In that order, orally acquired bacteria must survive the extreme aci-
dic stress in the host stomach. Given that GABA production from glutamate (MSG)
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Fig. 3. The effect of the BGZLS10-17 cell-free supernatant with GABA (a) and without
GABA (b) on the clinical score of EAE in female DA rats. Female DA rats were immunized
with SCH mixed with CFA, which led to the manifestation of symptoms similar to multiple
sclerosis. The animal control group consumed MRS medium, while the experimental groups

consumed BGZLS10-17 cell-free supernatant from 48 h grown culture in MRS medium or
MRS medium with the addition of MSG. x-Axis represents clinical score of EAE symptoms,
while y-axis represents days after immunization. Clinical picture of the disease was monitored
from 7 up to 42 days. The results are presented as mean values (n = 5 rats per group) +
standard deviation. * p <0.05; d — days.

is by far the most potent acid resistance system in bacterial2:19 our aim was to
investigate the pH changes in GABA-producing strain L. brevis BGZLS10-
-17 culture during 24 h and 48 h of incubation (Fig. 4).

The pH evolution was dependent on cultivation conditions. Monitoring of
the pH of BGZLS10-17 culture grown in MRS with and without MSG revealed
that after 48 h of incubation significantly higher pH was observed in the
BGZLS10-17 culture grown in medium supplemented with MSG (Fig. 4). These
results were consistent with our previous HPLC analysis that showed the high
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GABA concentration in supernatant of BGZLS10-17 grown in MRS with MSG
for 48 h.13 Although the ODgpy was similar for both BGZLS10-17 cultures
grown in MRS and MRS with MSG for 24 and 48 h (Fig. 5a) the number of
viable bacteria was remarkably higher if they were grown in medium with MSG
after 48 h (Fig. 5b). Our results obtained for the pH evolution in L. brevis
BGZLS10-17 culture confirm that GABA might be involved in the pH regulation.

==-BGZLS10-17 MRS+MSG
—BGZLS10-17MRS

2
0 4 8 12 16 20 24 28 32 36 40 44 48

t/h

Fig. 4. pH evolution in MRS and MRS with MSG. BGZLS10-17 was grown in MRS medium
and MRS medium with the addition of MSG. The change of the pH was monitored every 15
min for 48 h.

According to Papadimitriou et al.,!2 the extracellular pH increases during the
conversion of glutamate to the more alkaline GABA. The presence of glutamate
and/or environmental stress, in this case stationary phase, characterized by dep-
letion of the essential nutrients and acidification of the growth medium caused by
formation of lactic acid, induced the GAD pathway in the strain L. brevis
BGZLS10-17 after the growth in MRS with MSG for 48 h, enabling the pH res-
istance and higher viability compared to the strain BGZLS10-17 grown in MRS
without MSG.

Proteolytic activity

Another important characteristic of probiotic strains used in functional dairy
food is their ability to degrade casein, the major milk protein. Lactic acid bacteria
are multiple amino acid auxotrophs, hence to grow in milk they depend on the
expression of a complex proteolytic system encompassing a cell-wall bound ext-
racellular serine proteinase breaking down casein, oligopeptide transport systems
and the intracellular peptidases that hydrolyse oligopeptides to free amino acids.20
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log (Number of viable bacteria, CFU ml!)

Fig. 5. Monitoring the growth of BGZLS10-17 for 48 h in MRS medium and MRS medium
with MSG. Optical density (on y-axis, OD / a.u.) measured at 600 nm (a) and logarithmic
value of CFU ml'! for BGZLS10-17 (b).

Moreover, during milk fermentation biologically active peptides could be
released as a result of proteolytic activity giving the additional health-promoting
feature to the functional dairy food.2!1-22

Hence, the proteolytic activity of the strain L. brevis BGZLS10-17 was ana-
lyzed and the results revealed that after 3 h only partial degradation of a-casein
was observed (Fig. 6), while the complete casein degradation (a-, f- and x-cas-
ein) was achieved after 24 h (Fig. 6), pointing to the weak proteolytic activity.

The fermented milk beverage preparation

Additionaly, the fermentation time during the preparation of fermented milk
beverage with strain L. brevis BGZLS10-17 was followed. The effect of ferment-
ation time of BGZLS10-17 on the prepared fermented milk beverage (pH mea-
surement during 24 h) are presented in Table 1.

The results indicated very slow milk fermentation process, both milk with
YE and milk with MRS, inoculated with BGZLS10-17 after 24 h. Moreover, the
rheological properties of the fermented beverage were also unsatisfactory, with
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lot of lumps, indicating that due to weak proteolytic activity strain BGZLS10-
-17 has poor technological characteristics. Hence, in order to be used in func-
tional dairy food, the strain L. brevis BGZAL10-17 should be combined with
dairy starter culture bacteria. Therefore, in order to prepare fermented beverage
with desirable attributes the strain BGZLS10-17 were put together with the strain
S. thermophilus BGKMJ1-36 in pasteurized milk. The fermentation process was
monitored and the number of viable bacteria was observed during 7 h. Results are
presented in Table II.

a b c

control BGZLS10-17 control BGZLS10-17
3h  24h 3h 24h

B-casein=—p control BGZLS10-17
3h  24h

a-casein—9 K-casein—p

Fig. 6. Proteolitic activity of BGZLS10-17 after 3 and 24 h. BGZLS10-17 was grown on milk
citrate agar (MCA) plates for 48 h, at optimal growth conditions. Degradation of ¢o~casein (a),
[P-casein (b), and x-casein (c).

TABLE I. pH values (means + SD) of fermented milk beverage manufactured with BGZLS10-17
Time, h
Initial 3 4 5 6 24

BGZLA10-17 in milk 6.57+0.01 6.3£0.01 6.3£0.03 6.20+0.01 6.18+0.02 5.39+0.01
BGZLS10-17 in milk  6.58+0.01 6.21+0.03 6.20+0.03 6.20+0.02 6.13+£0.02 4.44+0.03
with YE

BGZLS10-17 in milk 6.41+0.02 6.13+0.03 6.10+0.01 6.05+0.01 6.0+0.03 4.28+0.03
with MRS

Name

TABLE II. pH (means £ SD) during seven hours of milk fermentation achieved by mixed
culture containing BGZLS10-17 and BGKMJ1-36, as well as by single culture containing
only BGKMIJ1-36

Time, h
Name 3 4 5 6 7
BGZLS10-17 + BGKMJ1-36 5.84%0.01  5.46:0.04 5.43£0.03 5.09+0.02 4.9+0.02
BGKMJ1-36 6.07£0.02  5.59+0.05 5.57+0.03 5.15£0.04 5.0+0.03

The number of bacteria for both strains was determined at the end of the fer-
mentation process and it was 8x10% for BGZLS10-17 and 5.5x108 for BGKMJ1-
-36. The results clearly indicated that the mixed culture of BGZLS10-17 and
BGKMJ1-36 had much better technological properties and could be suitable for
preparing of fermented milk beverage.

Moreover, fermented beverage prepared by mixed culture containing
BGZLS10-17 and BGKMIJ1-36 was stored at 5 °C and the stability of pH and
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bacterial viability were monitored each 7 d until 21 d. The results are presented
in Table III.

TABLE III. Stability of fermented beverage during 21 days of storage at 5 °C
Number of viable bacteria, CFU/ml

Day pH

BGZLS10-17 BGKMJ1-36
1 4.9+0.02 8x108 5.5x108
7 4.8440.02 7.8x108 5.4x108
14 4.824+0.01 7.7x108 5.5%108
21 4.82+0.04 1.5%108 8.5x107

The obtained results indicate that the manufactured fermented beverage was
stable during 21 days, since the pH and the bacterial viability were not signific-
antly changed over time.

CONCLUSION

The results obtained in this study highly indicate the positive role of GABA-
-producing strain BGZLS10-17 in amelioration of the EAE symptoms in DA rats
that could be accredited to GABA present in the cell-free supernatant. Besides,
technological characterization suggests promising use of the strain L. brevis
BGZLS10-17 in combination with the autochthonous strain S. thermophilus
BGKMJ1-36 as functional starter culture for production of GABA-enriched fer-
mented beverage under controlled conditions, although the beneficial effects of
the strain BGZLS10-17 on autoimmune diseases should be confirmed in clinical
trials, according to EFSA regulations.23
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U3BOJ
KAPAKTEPU3AIIWJA PESUCTEHLIMJE HA pH U I[TPOTEOJIUTUYKE AKTUBHOCTH
GABA-TTPOOYKYJYRET COJA Lactobacillus brevis BGZLS10-17 Y IIPUIIPEMH
OEPMEHTUCAHOTI MUIEUHOT HAITUTKA U EOEKTH HA YBEJTAXKABAIGE CUMIITOMA
EKCIIEPUMEHTAJIHOT AYTOUMYHCKOTI' EHLIE®AJIOMUJEJTUTHUCA

CBETJIAHA C. COKOBWR BAJUR'? CAIbA b. MUXAJJIOBUR', IYIIAH [I. PAIIOJEBUR', OYILIAHKA 1.
HOHOBHBi, JEJIEHA M. BOKHBi, CY3AHA M. CTAHI’ICABILEBH'BZ, MWIHILIA H. HA3APEBI/IEZ, HOPBE M.
MWBKOBHR’, PATRICIA RUAS-MADIEDO®, HATAIIIA E. TOJIUR' 1 MAJA C. TOJITAHAYKH'

! labopauopuja 3a monexynapny muxpoduonoiujy, MHCIUTLY L 30 MOTEKYTAPHY TeHeTUKY U TEHETIUUKO
unmcewepciieo (MMITH), Ynuseep3utiewi y beoipagy, ZOgererbe 3a umyHonoiujy, UHcmuiniy 3a 6uonowxa
uctipascusawa ,Cunuwa Ciankosuh” (HEUCC), Ynueep3uiteii y beoipagy u 3Departmem‘ of Microbiology
and Biochemistry of Dairy Products, Instituto de Productos Ldcteos de Asturias — Consejo Superior de
Investigaciones Cientificas (IPLA-CSIC), Villaviciosa, Asturias, Spain

MynTunna cxieposa (MS) je XpOHHUHO ayTOMMYHCKO ODOJBbEHE LIEHTPAJHOI HEPBHOT CHC-
tema. llwb oBor paga je duo u3ydaBame mpoduoTHUKOT edexra mpousBohaua y-aMHUHODyTepHe
kucenune (GABA), coja Lactobacillus brevis BGZLS10-17, na Dark Agouti (DA) manjoBuma ocert-
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JBUBUM Ha UHIYKUHjy eKCIepUMEHTATHOT ayTOUMYHCKOT eHnledanomujenutica (EAE), excnepu-
MeHTasHOr Mozena MS. IanoBrMa cy cBakopHeBHO mpaheHH KWIMHMYKH cuMnTomu EAE. Pesyi-
TaTH CTy[Uje Cy IOoKas3alu Ja opasHa npumeHa L. brevis BGZLS10-17 ydnaxasa cumnrome EAE
kon DA maioBa, OIVIOKEH je ModeTak §osecTd, ckpaheHo Tpajame DONecTy, CMambeH UHTEH3UTET
Bomnecty y neprony kaja Cy CUMIOTOMH KOJ, KOHTPO/Ia Hajjaye W3pakeHH, a 3aHUMJBUBO je U Ja ce
)KUBOTHHE HAKOH YETpIeceT JilaHa MOTIYHO OIOpaB/bajy, LITO KOJ KOHTPOJHUX KMUBOTHHA KOje
HHUCy Oune TpeTrpaHe MPodHoTHKOM L. brevis BGZLS10-17 Huje 6uo ciyyaj. TTobomurawe EAE
CUMIITOMaA je 3adernexxeHo U HaKOH IpUMeHe CyrepHaTtaHTa coja L. brevis BGZLS10-17 rajenor 48
caTv y Megujymy 3a pacT dakrepdja ca gogatkom npekypcopa GABA, MOHOHaTpHjyM-TiTyTamara
(MSG), u de3 mwera. Jodujenu pesynrtatH ykasyjy Ha To na ou GABA kojy nmpousBonu coj L. brevis
BGZLS10-17 Mormna dut oAroBopHa 3a yonakasamwe cumnroma EAE. ITpobuotnuxu edexat coja
L. brevis BGZLS10-17 he dutu fasse TeCTUpaH y KIHWUYKUM CTyOWjamMa Ha JByAUMA, Kako OU COj
MOTao0 Jla ce KOPUCTH Kao MPOOUOTHK y (PYHKIIMOHAIHOj XpPaHH 3a MalujeHTe odosesie of ayTo-
HUMYHCKHX DOJIECTH.

(ITpummeno 16. jyna, peBugupano 22. asrycra, npuxsaheno 3. centemdpa 2019)
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