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IN VITRO ASSESSMENT OF PROBIOTIC SURVIVAL
IN SIMULATED GASTROINTESTINAL CONDITIONS
AND ADHESIVE PROPERTIES

The study focused on evaluating the functional properties of four lactic acid bacteria (LAB) strains
— Lactobacillus fermentum 30, Lactobacillus cellobiosus 36, Lacticaseibacillus paracasei 36/1, and Lac-
ticaseibacillus paracasei 30/1 — and their associations, aiming to assess acid resistance, bile tolerance,
enzyme stability, and adhesion capabilities using in vitro methods. The survival rates of these LAB strains
and their associations were investigated under simulated gastric juice (SGJ) and simulated intestinal juice
(Sl)). In SGJ, the association L. fermentum 30 + L. cellobiosus 36 showed higher survival rates compared
to individual strains, with approximately 75% viability after 2 hours incubation. Similarly, the associa-
tion L. paracasei 30/1 + L. paracasei 36/1 exhibited enhanced survival in SGJ, maintaining about 80%
viability. In SlJ, both associations demonstrated improved survival compared to individual strains, with
L. fermentum 30 + L. cellobiosus 36 and L. paracasei 30/1 + L. paracasei 36/1 maintaining approxi-
mately 70% and 75% viability, respectively. The adhesion capabilities of these LAB strains and associa-
tions were evaluated using human erythrocytes. All strains displayed high adhesive activity, particularly
notable in L. paracasei 36/1 + L. paracasei 30/1, which demonstrated a significantly higher adhesion
index compared to other strains. These findings highlight the robust survival and adhesive properties of
the LAB strains and their associations under simulated gastrointestinal conditions. Further research is
warranted to explore their potential applications in promoting gut health and combating gastrointestinal
disorders.

Key words: probiotics, tolerance, adhesion, simulated gastric juice, simulated intestinal juice.
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Mpo6uoTHKTEPAIH, )KacaHAbI aCKa3aH-iLLeK )KaFAalAapbIHAA
TIPLLIAIriH )KoHe aAre3MBTiK KacHeTTepiH in vitro 6arasay

ByA 3epTTey cyT KbilWKbiAAbI HakTepusirapAbiH, (CKB) TepT wrtammbl — Lactobacillus fermentum
30, Lactobacillus cellobiosus 36, Lacticaseibacillus paracasei 36/1 xeHe Lacticaseibacillus paracasei
30/1 — XeHe OAapAbIH accoumaumsAapbiHbiH (PYHKLMOHAAABIK, KacueTTepiH Gararayra GaFblTTaAFaH.
KbIWKbIAFa XXaHE 6TKe TO3IMAIAIK, (hepMeHTTepre TypakTbIAbIK, KOHE aAre3uBTiK KabireTTepi in vitro
BAICTEPiH KOAAAHY apKbiAbl 3epTTeAal. Ocbl CKB wTaMMAapbIHbIH X&HE 0AapAbIH aCCoLMaLMSIAaPbIHbIH,
OMIpLUEHAIT UMUTALMAAQHFAH acKa3aH LWbIpbiHbl (MALLL) xxeHe nMuTaumMsAaHFaH iwek WbipbiHbl (MILL)
KarpanaapbiHaa 3epTreaai. MALL-aa L. fermentum 30 + L. cellobiosus 36 accoumaumsicbl xeke
lUTaMMAAPFa KaparaHAa >KOFapbl OMIpLLEHAIK AEHTeriH KepCceTin, 2 caraTTblK MHKyOauusiaaH KemiH
LwamameH 75% emiplieHairid cakTaabl. L. paracasei 30/1 + L. paracasei 36/1 accoumaumscbl aa MALLI-
A2 OMIPLLEHAIKTIH, XKaKCcapTbIAFaH KepCeTKilTepiH KepceTin, wamMameH 80% eMipLUeHAIrH cakTaAbl.
MILLI-aa eki accoumaums Aa >KeKe lWTaMmaapra KaparaHAa >KOFapbl eMipLLEHAIK kepceTTi: L. fermentum
30 + L. cellobiosus 36 >aHe L. paracasei 30/1 + L. paracasei 36/1 TviciHwe wamameH 70% xaHe 75%
eMipLueHAiriH cakraabl. Ocbl CKB WwTaMmAapbIHbIH, )K8HE OAapAbIH, aCCOLMALIMAAAPBIHBIH, aAr€3UBTIK
KabireTTepi aAaMHbIH 3PUTPOLMTTEPIH KOAAAHY apKblAbl GararaHAbl. BapAblk, WTammaap >ofapbl
AAre3mBTIK OEACEHAIAIKTI kepceTTi, acipece L. paracasei 36/1 + L. paracasei 30/1 aiKblH KOpiHETIH
aAresmns MHAEKCiMeH 06acka HyCKAAapMeH CaAbICTbIpFaHAQ aMTapAbIKTai >KOFapbl KepceTKiwTep
kepceTTi. bya HoTnxxeaep CKB ITaMMAQpPbBIHBIH, X8HE OAapAbIH, aCCOLMALMAAAPbIHBIH, acKa3aH-illek
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YKOAbIH UMMTALMSIAQY >KaFAAMAAPbIHAQ TYPAKTbIAbIFbI MEH AAre3MBTIK KACMeTTepiH aTtamn KepceTeAi.
OAnap ek AEHCAyAbIFbIH KOAAQY >K8HEe acKa3aH-illeK aypyAapbIMEH KYPECYAE, 9AEYETTi KOAAQHbBIAYbIH
3epTTey YLiH KOCbIMLLIA 3epTTeyAep KakeT.

Tyiin cesaep: NpoOMOTUKTEP, TO3IMAIAIK, aAresms, >KacaHAbl aCKasaH LWbIPbIHbI, >KacaHAbI illeK
LUBIPbIHbI.
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OueHka BbDKMBa€MOCTU NMPOGUOTUKOB B MMUTUPOBAHHbIX YCAOBMSIX
YKEAYAOUYHO-KMLLEYHOr0 TPaKTa U UCCAEAOBaHUE MX aAre3UBHbIX CBOMCTB in vitro

AaHHOe MCCAeAOBaHME COCPEAOTOYEHO Ha orpeAeAeHUU (PYHKLIMOHAAbHbIX CBOWCTB YeTblpex
LITAMMOB MOAOYHOKMCABbIX GakTepuit (MKB) — Lactobacillus fermentum 30, Lactobacillus cellobiosus
36, Lacticaseibacillus paracasei 36/1 n Lacticaseibacillus paracasei 30/1 — 1 1x accoumaumin C LEAbio
OLEHKM YCTOMUMBOCTU K KMUCAOTE, TOAEPAHTHOCTM K XKEAUM, CTABUABHOCTU K (hepMEHTaM M aAre3MBHbIX
CMocoBGHOCTEN C UCMOAb30BaHMEM METOAOB in vitro. BbikuBaemocTb 3Tux wrammoB MKB u mx
accoumalmii MICCAEAOBAAACh B YCAOBMSIX MMUTUPOBAHHOMO >KeAyAouHoro coka (MXKC) mn kuwedHoro
coka (MKC). B MKC accoumaums L. fermentum 30 + L. cellobiosus 36 nmeaa 6oaee BbICOKMIA YPOBHU
BbI>)KMBAEMOCTM MO CPABHEHMIO C OTAEAbHbBIMM LUITAMMaMM, COXPaHSsS OKOAO 75% >KM3HECNoCOBHOCTM
nocAae 2 4yacoB MHkyOaumm. Accoumaumst L. paracasei 30/1 + L. paracasei 36/1 Takxke MNposiBUAA
YAyULLIEHHble nokasateAmn BbixkuBaemoctn B MOKC, noaaepykusas npumepHo 80% >M3HECnoco6HOCTU.
B MKC o6e accoumaumm Takxke npoAEMOHCTPUPOBAAM MOBbILLIEHHYIO KM3HECOCOOHOCTb MO CPABHEHUIO
C OTAeAbHbIMU WiTammamu: L. fermentum 30 + L. cellobiosus 36 w L. paracasei 30/1 + L. paracasei
36/1 coxpansisi okoAo 70% 1 75% >KM3HECNOCOOHOCTU COOTBETCTBEHHO. AAre3MBHbIE CMOCOBHOCTU
3Tnx wrtammoB MKB m 1x accoumaumini OLLEHMBAAMCH C MCMOAb30BAHMEM 3PUTPOLIMTOB YeAoBeka. Bce
LITaMMbl MPOSIBUAM BbICOKYIO aAre€3MBHYI0 aKTMBHOCTb, OCOOEHHO 3aMeTHyto y L. paracasei 36/1 +
L. paracasei 30/1, koTopast NokasaAa 3HaYMTEAbLHO OOAEE BbICOKMI MHAEKC AaATre€3um Mo CPaBHEHUIO
C APYrMMM BapuaHTamu. ITU pPe3yAbTaTbl AEMOHCTPUPYIOT YCTOMUYMBOCTb M aAre3MBHble CBOMCTBA
wtammoB MKbB 1 1x accoumaumii B yCAOBUSIX UMUTALIMK KEAYAOUYHO-KMLLIEYHOTO TpakTa. AaAbHenLme
MNCCAEAOBAHUS HEOOXOAUMBI AASl U3YUYEHUS UX MOTEHLMAAbHOIO NMPUMEHEHMS B NMOAAEPIKKE 3A0POBbS

KuLeyHrKa 1 6opbbe ¢ 3a60AeBaHUAMM JKEAYAOUHO-KMLLIEYHOrO TPaKTa.
KatoueBble cAOBa: NMpOOMOTMKM, TOAEPAHTHOCTb, AAre3usl, MCKYCCTBEHHbIA >XEAYAOUHbIN COK,

MCKYCCTBEHHbIN KULIEYHbIN COK.

Introduction

Probiotics are living microorganisms that, when
consumed in adequate amounts, are beneficial to the
human organism. The idea behind their use is that
taking probiotics can help restore and strengthen the
local intestinal microbiota, which largely contrib-
utes to maintaining the health of the entire gastroin-
testinal tract (GIT) and its resistance to colonization
by pathogens [1, 2]. Probiotics are usually used in
the form of biologically-active food additives, or
even therapeutic drugs in the form of tablets, cap-
sules, powders, and sachets. All these forms are ap-
plied orally and therefore enter the GIT. In order for
probiotics to flourish in the intestine and impart their
beneficial effects, they have to be able to survive
passage through the host’s hostile digestive tract en-
vironment [3]. The main factors that are detrimental
to the survival of probiotics in the stomach are the
low gastric pH and the antimicrobial action of pep-

sin [4]. Probiotic bacteria also need to survive the
environment in the small intestine where it is ex-
posed to pancreatin and bile salts.

So, the first tool in the selection of a strain of
probiotic interest is represented by in vitro methods
aiming to ascertain the ability to survive passage
through the upper GIT and arrive alive at its site of
action [5].

Adhesiveness, attachment to epithelial cells of
the GIT, is one of the important properties of pro-
biotic strains, therefore the determination of adhe-
sive properties is considered a necessary step for the
study of probiotic microorganisms. An important bi-
ological property of bacteria of the genus Lactoba-
cillus is their adhesive activity, which allows them
to colonize the intestinal biotope and successfully
implement antagonistic properties against pathogen-
ic and opportunistic microorganisms [6]. The study
of these property is necessary to predict the probiotic
effect of lactobacilli on the intestinal microbioceno-
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sis of a particular individual. It has been established
that adhesive ability is a strain-specific feature,
which should be taken into account when selecting
probiotic cultures [6]. In vitro model systems have
proved efficient for providing a good measure on the
adhesive ability of a potential probiotic.

The present study was designed to assess in vitro
the acid resistance, bile tolerance, enzyme stability,
and adhesion capabilities of four lactic acid strains
and their associations.

Materials and methods

Bacteria and growth conditions. The probiotic
associations studied in this research include differ-
ent microbial cultures. All strains were deposited in
the Republic Collection of Microorganisms (Asta-
na, Kazakhstan).

The first association comprises the following
microbial cultures — Lactobacillus fermentum 30
and Lactobacillus cellobiosus 36. Strain L. fermen-
tum 30 was isolated from a population of freeze-
dried culture L. fermentum 29, extracted from the
intestine of a healthy person. It is represented by
gram-positive, asporogenic, immobile bacilli sized
0.5-0.7x1.0-3.0pm with blunt ends. The cells are
often solitary, though short chains may occur. The
strain is nonpathogenic and exhibits high antimicro-
bial activity with a broad spectrum and increased
resistance to dehydration. Strain L. cellobiosus 36
was isolated from a population of freeze-dried cul-
ture L. cellobiosus 35. It is a rod with rounded ends
of variable size: 0.5-0.7x1.5-5.5um. The bacilli are
immobile, asporogenic, and gram-positive, arranged
singly, in short chains (3-5 cells each), and some-
times in longer chains. This strain is also nonpatho-
genic and shows high broad-spectrum antimicrobial
activity.

The second association includes Lacticaseiba-
cillus paracasei 36/1 and Lacticaseibacillus paraca-
sei 30/1. Strain L. paracasei 36/1 was isolated from
a population of freeze-dried culture Lactobacillus
cellobiosus 36. It is represented by gram-positive,
asporogenic, immobile bacilli sized 0.5-0.7x1.5-
5.5um with blunt ends, often solitary, though short
chains may occur. Strain L. paracasei 30/1 was iso-
lated from a population of freeze-dried culture L.
fermentum 30. It is represented by gram-positive,
asporogenic, immobile bacilli sized 0.5-0.7x1.0-
3.0um with blunt ends, often solitary, though short
chains may occur.

The probiotics and their associations were cul-
tured in a medium with the following composition
(g/L): glucose — 15.0, yeast extract — 5.0, meat ex-
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tract — 5.0, peptone — 10.0, ammonium citrate — 2.0,
sodium acetate — 2.0, potassium phosphate monoba-
sic — 2.0, sodium phosphate dibasic — 2.0, magne-
sium sulfate — 0.2, manganese sulfate — 0.05, cobalt
chloride — 0.01, pH 6.5-7.0. The cultivation was car-
ried out in an incubator at 35°C for 24 hours. After,
the culture broth was centrifuged at 4000x g for 15
minutes (using a laboratory centrifuge RS-6MC,
Dastan, Bishkek, Kyrgyzstan). The cells were sepa-
rated from the supernatant and washed twice with
physiological saline. A cell suspension with a con-
centration of 10° CFU/g was prepared.

Survival in Simulated Gastric Juice (SGJ) and
Simulated Intestinal Juice (SIJ). SGJ was prepared
by dissolving pepsin in sodium chloride solution
(0.2%, w/v) to a final concentration of 3 g/L, and pH
was adjusted to 2 with hydrochloric acid. SIJ was
prepared with the following composition (g/L): so-
dium chloride — 6.8 g/L, potassium chloride — 0.4
g/L, calcium chloride dihydrate — 0.2 g/L, sodium
bicarbonate — 1.5 g/L, bile salts — 5.0 g/L, and pan-
creatin — 1.0 g/L. The pH was adjusted to 6.8. Both
solutions were filtered for sterilization through a
0.45 pm membrane.

One aliquot (1 mL) from each suspension was
placed in 10 mL of SGJ. The tubes were incubated
on an orbital shaker incubator ES-20 (Biosan, Riga,
Latvia) (150 rpm) at 37°C for 2 hours. The samples
were collected after 2 hours in SGJ, transferred into
10 mL of SIJ, and incubated as described above for
SGlJ.

Surviving bacteria were enumerated by pour
plate counts in MRS agar incubated at 35°C for 48
hours. The survival of probiotics was presented as
the number of viable cells (log CFU/g). The follow-
ing equation was used to calculate the survival rate
% of bacteria cells:

log CFU/g after treatment

Survival rate % = x 100 (1)

log CFU/g after treatment

Determination of adhesive activity. Adhesion
was studied in vitro using human erythrocytes ac-
cording to the method of Brilis et al. [7]. The cell
substrate consisted of formalinized human erythro-
cytes of group 0 (1) Rh (+), pre-washed with a buf-
fer solution by centrifugation (1000x g for 10 min).
A suspension of erythrocytes with a concentration
of 100 million/mL was prepared in the specified
buffer.

For the experiment, a drop of buffer solution
was applied to a microscope slide, into which sus-
pensions of erythrocytes and microorganisms were
suspended. The slide with erythrocytes and mi-
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crobes was placed in a moist chamber for 30 min
at 37°C, then the preparation was dried at the same
temperature, fixed by heat, and stained according to
Gram. Adhesive properties were assessed using the
average adhesion index (AAI) — average number of
microbes attached to 1 erythrocyte when counting
at least 25 erythrocytes, considering no more than
5 erythrocytes in one field of view. To assess the
adhesive properties of the microorganisms, criteria
such as C and IMA were also used. C (erythrocyte
participation coefficient in the adhesion process)
is the percentage of erythrocytes with adhered mi-
crobes on their surface. IMA (index of microorgan-
ism adhesion) is the average number of microbial
cells on one participating erythrocyte, calculated by
the formula:

_ AAIx 100

2
c )

IMA

A microorganism is considered non-adhesive
when IMA < 1.75, low-adhesive from 1.76 to 2.5,
moderately adhesive from 2.51 to 4.0, and highly
adhesive when IMA is above 4.0.

Statistical analysis. Unless otherwise stated, all
experimental groups were analyzed in triplicate.
Experimental measurements are presented as mean
and standard deviation (mean + SD). The difference
between groups was analyzed using one-way analy-
sis of variance (ANOVA) followed by Tukey’s test.
All statistical analyzes were performed using SPSS
software (version 28.0, IBM Corp., Armonk, NY,
USA). A p value <0.05 was considered statistically
significant.

Results and discussion

The most important characteristic of probiotic
resistance is the preservation of cell viability in the
aggressive conditions of the GIT. Although the ulti-
mate model for determining the functional effective-
ness of probiotics is a human organism, this model
has ethical limitations. Therefore, in most studies,
an «artificial GIT» system is used, simulating the
physicochemical conditions of the main parts of
the digestive system [8—11]. This is usually a buffer
in which the pH value characteristic of a particular
department is maintained and various digestive en-
zymes are added.

To determine the effect of gastric and intestinal
conditions, studies were conducted on the compara-
tive survival of four probiotic strains and their asso-
ciations in SGJ and SIJ. To determine cell survival

count after sequential incubation, the cells were enu-
merated by pour plate counts in a nutrient medium.
The design of this series of experiments is shown in
Figure 1.

In the GIT, the entry of bacteria is restricted due
to the acidic pH of the stomach and the antibacterial
action of pepsin. Probiotics need to bear the gastric
juice discharge in the stomach where the pH can
be as low as 2 to provide medical advantages [12].
Therefore, acid tolerance is frequently used as a sig-
nificant paradigm for probiotic strain choice. The
viability of the probiotic associations and individual
strains in SGF after 2 hours of incubation is shown
in Figure 2.

In SGJ, the probiotic association of L. fermen-
tum 30 + L. cellobiosus 36 shows the highest sur-
vival rate, maintaining higher viability compared
to the individual strains. By 2 hours in SGJ, the
probiotic association retained about 75% viability,
whereas the individual strains of L. fermentum 30
and L. cellobiosus 36 dropped to around 60% and
55%, respectively. This indicates a positive effect
when these strains are combined.

Similarly, the probiotic association of L. para-
casei 30/1 + L. paracasei 36/1 demonstrates a high-
er survival rate in SGJ for the first two hours, retain-
ing about 80% viability. In contrast, the individual
strains, L. paracasei 30/1 and L. paracasei 36/1, de-
creased to around 65% and 60%, respectively.

Overall, probiotic associations tend to have
higher (p < 0.05) survival rates in SGJ compared to
individual strains. The L. paracasei association (L.
paracasei 30/1 + L. paracasei 36/1) shows the best
survival rate in SGJ, outperforming the L. fermen-
tum and L. cellobiosus combination.

Acidic pH environments may inhibit metabo-
lism and reduce the viability of lactic acid bacteria.
This study is consistent with other works that have
shown that upon exposure to gastric acid with a pH
of 2, a significant reduction in the number of bacte-
ria could be recognized [13, 14].

After passing through the stomach, probiotics
enter the intestine, where they face new challenges
to their survival and activity. Intestinal juice contains
several components that can significantly impact the
viability of probiotic microorganisms. Among these,
bile acids and pancreatin play crucial roles. This
makes it critical to ensure the resilience of probiotics
in such conditions. Alameri et al. [15] mentioned that
probiotics should possess good resistance toward bile
salts in order to survive in the human GIT. There-
fore, high survival percentages indicate good bile salt
tolerance. Bile plays an important role in the specific
and nonspecific intestinal defense mechanism of the
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gut, and the severity of its inhibitory action is primar-
ily determined by bile salt concentrations [16]. Pan-
creatin is a mixture of digestive enzymes, including
proteases, lipases, and amylases, which can disrupt
bacterial cell membranes and alter their metabolic

activity. Pancreatic enzymes are essential for the nor-
mal digestion of carbohydrates, fats, and proteins,
respectively [17]. Therefore, the capability to endure
these enzymes is a measure for the selection of probi-
otic bacteria [18].

15t stage. Sequential incubation in an artificial model system

N

Probiotic
suspension

Simulated
gastric juice intestinal juice

T

Simulated

2nd stage. Determination of the number of survived bacteria

N .

Figure 1 — Experimental design for the simulating upper GIT conditions

SGJ Sl
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L. fermentum 30 +
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——L. cellobiosus 36
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Time (h)
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L. paracasei 30/1 +
L. paracasei 36/1

—+—L. paracasei 30/1
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Figure 2 — Survival of probiotics in simulated gastric juice (SGJ) and simulated intestinal juice (S1J):
a) probiotic association L. fermentum 30 + L. cellobiosus 36, L. fermentum 30, L. cellobiosus 36;

b) probiotic association L. paracasei 30/1 + L. paracasei 36/1, L. paracasei 30/1, L. paracasei 36/1
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In S1J, the probiotic association of L. fermen-
tum 30 + L. cellobiosus 36 continued to show better
survival compared to the individual strains, with a
viability of approximately 70%. In contrast, the in-
dividual strains, L. fermentum 30 and L. cellobiosus
36, demonstrated about 60% and 55% viability, re-
spectively.

The probiotic association of L. paracasei 30/1
+ L. paracasei 36/1 maintained higher viability in
S1J as well, with about 75% survival. The individual
strains, L. paracasei 30/1 and L. paracasei 36/1, had
about 65% and 60% viability, respectively.

The effects of bile salts and pancreatin enzymes
on the survival of probiotic cultures revealed that
all have full tolerance to a concentration of 0.5%
and 0.1% respectively. In general, the physiologi-
cal concentration of human bile ranges from 0.3%
to 0.5% [19]. Therefore, resistance to bile acid is an
important characteristic that enables Lactobacillus
to survive, grow, and remain active in the small in-
testine [20].

Both probiotic associations demonstrated en-
hanced survival in SIJ compared to the individual
strains, but the improvement is more evident in SGJ.
The L. paracasei association (L. paracasei 30/1 +
L. paracasei 36/1) had the highest overall survival,
indicating that combining probiotic strains can im-
prove their resilience to gastric and intestinal condi-

tions. The outcome of this work is consistent with
the work done by Ribeiro et al. [21] which showed
that the mixed probiotic culture had a high resis-
tance after the passage through the gastrointestinal
system.

Given that the most significant point of interac-
tion between microorganisms and humans occurs on
mucous membranes, understanding mucus adhesion
is the primary target for controlling probiotic coloni-
zation. The most common method for quantitatively
assessing mucus adhesion involves using a fluores-
cent indicator as a correlate of cell concentration.
Surfaces are frequently modified by incubation with
mucus or by culturing intestinal epithelial cells/tissue
[22]. However, this method is expensive. Adhesion
in in vitro conditions can also be studied by mixing
human erythrocytes and microorganisms. This is a
completely adequate experimental system, reflecting
a positive correlation between the adhesiveness of
lactobacilli and their colonizing ability [23, 24].

To quantify this activity, the microbial adhesion
index was used, where low adhesion corresponds to
an index value from 1.76 to 2.5, medium — from 2.51
to 4.00, and high — to an index value greater than 4.

The results obtained showed that all tested
strains and probiotic associations demonstrated a
high degree of adhesion with an index greater than
4 (Figure 3).

) w S w o

Index of Microorganism Adhesion

-

.

Figure 3 — The degree of adhesive activity of probiotic strains and their associations
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The probiotic association L. paracasei 36/1 +
L. paracasei 30/1 demonstrated the highest adhe-
sive activity, which was statistically significant (p <
0.05) compared to the other strains and association.
The higher adhesive activity of this probiotic asso-
ciation compared to the other one may be attributed
to complementary surface proteins or the release of
substances that enhance mutual adhesion, such as
exopolysaccharides. Each strain may possess unique
surface characteristics or adhesion mechanisms that,
when combined, result in a synergistic effect [25],
enhancing their ability to adhere to erythrocytes.
This synergistic interaction could lead to a stronger
and more stable adhesion, ultimately resulting in
higher adhesive activity.

Conclusion

This study aimed to assess the survival under
simulated gastrointestinal conditions and adhesive
properties of selected LAB strains in vitro. The
tested strains demonstrated robust survival rates in
SGJ and S1J, indicating their resilience to the harsh
conditions of the GIT.

Specifically, the association of Lacticaseibacil-
lus paracasei 36/1 + Lacticaseibacillus paracasei
30/1 showed superior survival rates in both SGJ
and SIJ compared to individual strains, suggesting a
synergistic protective effect when combined.

Moreover, the adhesive capabilities of L. pa-
racasei 36/1 + L. paracasei 30/1 were noteworthy,
indicating their potential to adhere effectively to
gastrointestinal epithelial cells. Adhesion is critical
for probiotics to colonize the gut mucosa and exert
beneficial effects.

The findings highlight the promising probiotic
potential of L. paracasei 36/1 + L. paracasei 30/1
due to their robust survival in simulated GIT condi-
tions and strong adhesive properties. Further inves-
tigations, particularly in vivo studies, are warranted
to explore their full potential as probiotics for pro-
moting gut health and preventing gastrointestinal
disorders.
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