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PROBIOTIC PROPERTIES OF STRAINS
OF LACTOBACILLUS PLANTARUM ISOLATED FROM
FERMENTED PRODUCTS

Aim. To study probiotic properties of the strains Lactobacillus plantarum, isolated
from the national fermented foods of plant and animal origin of different regions of
Ukraine. Methods. The ability of strains L. plantarum to adhere was studied on the
cells of human buccal epithelium. The ability to filmformation of strains L. plantarum
was studied in plastic plates. We investigated the survival of L. plantarum in the condi-
tions of the gastrointestinal tract: resistance to lysozyme, gastric juices and bile salts.
Result. Probiotic properties of 24 strains L. plantarum has been studied. These strains
have a wide range of antagonistic action on opportunistic microorganisms used and
proved to be sensitive to the clinically important antibiotics. Index adhesion of the
lactobacilli ranged from 3.63 + 0.38 to 30.11 + 1.47 and didn’t depend on the source
of strains isolation. Most of the studied strains (79%) had the average ability to form
biofilms. Gastric juice was one of the most aggressive factors of the gastrointestinal
tract, in its action, growth had 42% of the studied strains. L. plantarum resistant to
lysozyme and to 0.3% bile salts have been determined. Conclusions. The probiotic
properties of 24 strains of L. plantarum were investigated and analyzed. Selected two
strains of L. plantarum 1047s and L. plantarum 691ch, which may be promising for

use in oral probiotic preparations.
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Lactic acid bacteria (LAB) of genus Lactobacillus is a helpful component of
human biological community norm. These bacteria have a high biological activity,
which contributes to their widespread use in modern probiotic preparations and
foodstuffs [5]. Probiotic bacteria are defined by FAO/WHO as “live microorgan-
isms which when administered in adequate amount confer a health benefit”. Pro-
biotic effect of lactobacilli on the human body caused by the inhibition of growth
of pathogenic and opportunistic microorganisms. This inhibition could be due to
the inhibitory compounds such as organic acids, hydrogen peroxide, bacteriocins,
synthesis of the vitamins and enzymes [11]. In addition, they also reduce the risk of
gastro-intestinal disorders and prevent diarrhea [9]. To make a probiotic effect, the
strain must survive passing through different parts of the gastrointestinal tract (GIT)
and have the ability to adhere to intestinal surfaces. Probiotic strains of lactobacilli
also have to be sensitive to clinically important antibiotics, including ampicillin,
gentamicin, kanamycin, streptomycin and chloramphenicol to assess the safety of
their use as food additives [14].
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It is known that fermented foods has a positive effect on the host. This effect
1s provided by autochthonous strains LAB, therefore fermented foods are increas-
ingly seen as a source of probiotic strains LAB in recent years. The use of fermented
vegetables as a source of probiotic strains of Lactobacilli, paid much less attention
compared to dairy products and this issue is very important for Ukraine. Therefore,
the study of probiotic properties of strains of Lactobacillus plantarum, isolated from
fermented vegetables and their comparison with strains isolated from dairy products
is important in terms of the biology of these organisms and is of fundamental and
practical importance.

The aim of the present work was to study the probiotic properties of strains of
L. plantarum, isolated from the national fermented foods of plant and animal origin
derived from different regions of Ukraine in the comparative aspect.

Materials and Methods

The 24 strains of L. plantarum were the main objects of the present research.
These strains were isolated from the national fermented foods of plant (sauerkraut,
pickled cucumbers) and animal origin (sour milk, cream, cheese) [3]. Stock cultures
were stored in 30% glycerol at -50 °C. Before the experiment the microorganisms
were subcultured three times on medium MRS [8].

Adhesion of L. plantarum strains to human buccal epithelium cells was studied
using method of Brilis and Brilene [1]. Code adhesion of microorganisms was de-
termined — the average number of bacteria in one epithelial cells which is involved
in the adhesion.

Monitoring biofilms formation of all LAB was performed as described Rode
etal. [15].

Bile tolerance (0.3%) strains of L. plantarum was determined according to the
protocol proposed by Christiaens and Leer [7].

To determine the stability of L. plantarum to the gastric juices there were used
overnight culture of each strain, 1 ml of gastric juice (pH 2.0) (CJSC “Biopharma”,
Ukraine) and incubated at 37 °C for 2 h [12].

Resistance of L. plantarum to the action of lysozyme studied by the method of
Vizoso Pinto et al. [17].

The statistical analysis of data was performed using the program «STATIS-
TICA 7.0». To assess the reliability of quantitative indicators of differences in
different strains there were used Post-hoc-test using the criterion of LSD. The dif-
ference was considered significant of P<0,05.

Results and discussion

It was studied the biological activity of the 109 strains of L. plantarum. It was
found that only 24 strains inhibited all the pathogenic bacteria tested such Pseudo-
monas aeruginosa, Staphylococcus epidermidis, Shigella flexneri, Shigella sonnei,
Proteus vulgaris, Escherichia coli, Bacillus cereus, Staphylococcus aureus, Klebsiella
pneumoniae, Salmonella enterica, Candida albicans and were sensitive to clinically
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important antibiotics [2, 4]. These strains were selected for further studies on their
probiotic properties.

According to FAO / WHO [10] to probiotic strains LAB put forward a number of
requirements, including — adhesion to epithelial cells and resistance to gastrointestinal
conditions. The ability to adhere to epithelial cells provides colonization resistance
of the host. It was shown, that all the investigated strains of L. plantarum are able
to adhere to the human buccal epithelium. Low index adhesion had 50% of the
lactobacilli (from 3.63 + 0.20 to 9.95 + 0.61), 37% — average (from 10.20 + 0.46 to
14.58 + 1.13). 12.5% of the strains of L. plantarum (1047s, 1092s, 743s) showed
the high adhesive activity, these strains were isolated from sauerkraut. From this
source were isolated as strains that had low index adhesion (4.31 £ 0.28) (Fig. 1).
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Fig. 1. Index adhesion strains of Lactobacillus plantarum to human buccal epithelium
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Note: source of isolation of the strain:”ch” — cheese, “cr” — cream, “m” — sour milk ,
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s” — sauerkraut, “c” — pickled cucumbers; IAM — index adhesion of the strains.

The obtain results show that the adhesive activity depends on the strain and
does not depend upon the source selection. The similar results were highlighted in
another study, which shows that the adhesive activity depends on the strain of the
microorganism [16].

LAB form biofilm, which ensures their survival in adverse conditions gastroin-
testinal microorganism of host [13].  Therefore, we have investigated the ability of
L. plantarum strains to form biofilms (Fig. 2). Four strains of L. plantarum (529ch,
1045s,352ch, 612ch) showed high ability to form biofilms. Many of the investigatied
strains (79%) had an average rate of biofilm formation, one strain of L. plantarum
517m practically did not show this ability. There was no established relationship
between the source of isolation of the strain and its ability to form biofilms, but it
should be noted that the two strains isolated from cheese had the highest rate of the
formation of biofilm.
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All investigated strains of L. plantarum proved resistant to 0.3% bile salts in
the medium.

3.0

25

2.0

Biofilm formation factor,
Ag20/Aso)

0.5

0.0

352 ch 184cr 212-1ach 792ch 529 ch 550 ch 517 m 238ach 923 ¢ 121s 1047 s 922 s

321 ch 184 cr 47 cr 612 ch 562 ch 691 ch 200 ch 791 ch 934 s 1045 s 1092 s 991 s
A . -~ _
~ e
Dairy products Fermented vegetables

Fig. 2. Biofilm-forming ability of the strains of Lactobacillus plantarum
“S” _

Note: source of isolation of the strain:”’ch” — cheese, “ct” — cream, “m” — sour milk ,
sauerkraut, “c” — pickled cucumbers.

Gastric juice was the most aggressive factor in the gastrointestinal tract. It was
found that 58% of strains of L. plantarum were inhibited by the action of the gas-
tric juice for 2 hours. The other strains had different degrees of survival (Fig. 3).
According to the literature, acceptable level of survival of LAB in conditions of
the gastrointestinal tract is at least 1 x 10* CFU/ml [18]. Among the strains, only
two answered the following criteria. They were isolated from a variety of sources:
L. plantarum 1047s — with sauerkraut, L. plantarum 691c — cheese (Fig. 3).
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Fig. 3. Tolerance of Lactobacillus plantarum strains to intestinal juice

Note: source of isolation of the strain:”ch” — cheese, “cr” — cream, “m” — sour milk , “s” —
sauerkraut.
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There was no any relationship between the source of isolation of the strains and
their sensitivity to the action of gastric juice.
We also investigated sensitivity of lactobacilli to the action of enzyme —lyso-
zyme (Table).
Table

Stability of Lactobacillus plantarum strains to the action of lysozyme

Strains Control, CFU/mlx10° Experiment, CFU/mlx10°
352 ch 1,7940,06* 1,57+0,23
791 ch 1,104£0,01%* 0,50+0,02*
934 s 0,89+0,04* 0,82+0,07
562 ch 0,86+0,06* 0,50+0,02*
321 ch 1,78+0,02* 1,72+0,29
1121s 5,70+0,16 0,37+0,04
1047 s 1,79+0,16 1,55+0,04*
550 ch 1,64+0,29 0,59+0,02*
184 cr 2,47+0,03* 1,79+£0,01%*
212/lach 1,28+0,09* 1,10+0,01*
691 ch 1,85+0,29* 1,354+0,03*

Note: * — significant difference (p<0,05),
source of isolation of the strain: «ch» — cheese, «s» — sauerkraut, “cr” — cream.

It was established that this enzyme had no any significant effect on the growth
of the most of lactobacilli. However, the concentration of CFU/ml of L. plantarum
strains as 791ch, 1121 s, 550 ch, 184 cr halved decreased in comparison to controls.

So, as a result of being explored and analyzed the probiotic properties of 24
strains of L. plantarum. Most of the studied strains had high biological activity, but
proved susceptible to the action of gastric juice, so they can be promising for the
development of probiotics for oral cavity [6]. Thus, based primarily from the ability
of lactobacilli to withstand harsh conditions of the gastrointestinal tract, we have
selected two strains of L. plantarum 1047s and L. plantarum 691ch, which may be
promising for use in oral probiotic preparations.
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MPOBMOTUYECKUE CBOUCTBA ITAMMOB LACTOBACILLUS
PLANTARUM, N30JIMPOBAHHbBIX U3 PEPMEHTUPOBAHHBIX
IMPOAYKTOB

Pedepar

Iens. U3yuums npobuomuueckue ceolicmea wmammos L. plantarum,
UBONUPOBAHHBIX U3 HAYUOHANLHLIX (PepPMEHMUPOBAHHBIX NPOOYKIMOE HCUBOMHO2O
u pacmumenvrozo npoucxoxcoenus. Memoowt. Cnocoonocme L. plantarum x ao-
2e3Ul U3yUani Ha Kiemkax OyKKanibHo20 snumenus yenoseka. Ha niacmukosvix
NIAHUWEMAax Uccieo08aiu CnocoOHOCMyb 1aKmobayuil K nieHKooOpa3o8anuio.
H3yuanu eviorcusanue L. plantarum 6 ycnousx dcenyO00uyHO-KUUEUHO20 MPAKma
(KKT): ycmouiuusocmo K TU30YUMY, HCETYOOUHOMY COKY U CONAM HCENUHBIX KUCTOM.
Pezynomamur. [lImavmor L. plantarum umenu wupoxkuti cnekmp aHmazoHucmu-
YecKou aKmMuHOCMU K UCNONb308AHHBIM YCIIO8HO-NATNO2EHHBIM MUKPOOP2SAHUZMAM
(VIIM), a makorce Ovinu uyecmeumenvhvl K KIUHUYECKU BAHCHLIM AHMUOUOMUKAM.
Hnoexc aozeszusrnocmu xonebancs om 3,63 + 0,38 0o 30,11 + 1,47, u ne 3asucen om
ucmouHuxa evioenenus rakmodoayuii. Y oonvuwuncmea wmammos (79%,) oonapy-
AHCUTU CPEOHIOIO CNOCOOHOCb K (hopMuposanuio buonienku. Kenyooumnwiii coxk oka-
3a1C5 OOHUM U3 A2PeCCUBHBIX (DAKMOPO8 HCENYOOUHO-KUUUEYHO20 MPAKMA, NPU €20
Oeticmeuu 8vlocusano 42% wmammos. Yemarnoeneno, umo L. plantarum ycmouuugul
K Oeticmsuio auzoyuma u 0,3% conetl sxncénunvix kuciom. Buieoowl. Hccneoosanwi
U NPOAHANU3UPOBAHbl Npobuomuyeckue ceovcmea 24-x wmammos L. plantarum.
Omobpano oéa wmamma L. plantarum 1047k u L. plantarum 691m, komopwie
Mo2ym Oblmb nepCneKMuBHbIMU 01 UCNONb308AHUSL 8 COCIABE NEPOPATIbHBIX NPO-
OuomuuecKux npenapamos.

KnrwoueBbsle cioBa:npobuomuyeckue ceoticmaa, Lactobacillus plantarum,
Gepmenmuposanmvie nPOOYKmol.
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MMPOBIOTUYHI BJIACTUBOCTI IUITAMIB LACTOBACILLUS
PLANTARUM, 130JIbOBAHUX 3 ®PEPMEHTOBAHUX ITPOAYKTIB

Mema. Busuumu npodiomuyni énracmusocmi wumamie Lactobacillus plantarum,
i301b06AHUX 3 HAYIOHANLHUX (hepMEHMOBAHUX NPOOYKMIE POCIUHHO20 MAd MEAPUH-
HO20 NOX00JICeHH s, BI0IOpanux 3 pizHux pecionie Yxpainu. Memoou. 30amuicmo
wmamie L. plantarum 0o aoee3ii susuaiu Ha KIMuHax 6yKaibHo20 enimenito TioOUHU.
Ha nnacmuxosux nianwemax 00caioxncysaniu 30amuicms 1akmooayul 00 naieKoym-
eopenns. [locnioxcysanu suxcusanns L. plantarum 6 ymoeax ulnyHKo80-KUUKOB020
mpakmy: CmitiKicms 00 i30YUMY, ULIVHKOBO20 COKY MA CONell HCOBUHUX KUCTOM.
Pesynomamu. [lImamu L. plantarum manu wupoxuti cnekmp anmazoHicmuyroi oii
WOOO BUKOPUCMAHUX YMOBHO NAMO2EHHUX MIKPOOP2AHI3ZMI6 MA GUABUTUCH YUY~
JUBUMU 00 KATHIYHO 8axCausux anmudbiomuxis. Inoexc adeezusnocmi 1axmooayun
Konusascs 8 medcax 6io 3,63+0,38 oo 30,11+1,47 ma e 3anexcas 8i0 Oxcepena
suoinenns. binvwicmv docnioxncysanux wmamie (79%) manu cepeonro 30oamuicme
00 ¢hopmysanns ionnieku. LILiyHKosull cik 8UABUBCS OOHUM 3 HAUACPECUBHIULUX
YUHHUKIB WIYHKOBO-KUWKOB020 MPAKmy, npu 1iozo 0ii picm manu 42% wmamis.
Bcmanoeneno, wo L. plantarum cmivkii 0o nizoyumy ma 0,3% conetl s#co64HUxX
kuciom. Bucnoeku. /[ocnioscerno ma npoananizosano npodiomuuni enacmusocmi 24
wmamie L. plantarum. Bioiopano 0eéa wmamu L. plantarum 1047k ma L. plantarum
691m, aKi Mmodcymv 6ymu nepcnekmueHUMU 0151 BUKOPUCTNAHHS Y CKIAOI nepopaib-
HUX NPOOIOMUYHUX NPEnapamis.

KnwuoBi cmosa: [IpobioTnuni BnactuBocti, Lactobacillus plantarum,
(hepMeHTOBaHI TPOTYKTH.
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