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BIOLOGICAL ACTIVITY OF LACTOBACILLI
FROM DIFFERENT ECOLOGICAL NICHES OF THE
SOUTHERN REGION OF UKRAINE

Aim of the research was to study the antagonistic activity of lactobacilli isolated
from different sources of the Southern region of Ukraine. Methods. The experi-
ments used 13 strains of bacteria of the genus Lactobacillus isolated from different
sources. The antagonistic activity of lactobacilli was determined by the well-dif-
fusion method in the agar column using test cultures of pro- and eukaryotic mi-
croorganisms. Acid formation of the strains was evaluated by active and titrated
acidity when cultured in milk. Results. All tested lactobacilli were active antag-
onists against gram-negative bacteria Escherichia coli, Pseudomonas aerugi-
nosa, Salmonella enteritidis and Proteus vulgaris, as well against gram-positive
Staphylococcus aureus and Staphylococcus saprophyticus. Lactobacilli showed
less antagonistic activity against Bacillus subtilis and Klebsiella pneumonia. Lac-
tobacilli isolated from meat (Lactobacillus spp. M2 and M3) were the most ac-
tive antagonists. The active and titrated acidity of lactobacilli varied for different
strains. Strain Lactobacillus sp. 175 isolated from child feces showed the highest
titrated acidity. Using statistical methods (cluster analysis) made it possible to
form clusters with high reliability by the level of antagonistic activity of investi-
gated lactobacilli. The environmental factors have a definite influence on the for-
mation of the general activity of lactobacilli strains, but the manifestation of each
of the individual features is rather specific and depends on the capabilities of the
certain microorganism. Conclusions. In the study of a number of properties that
determine the antagonistic activity, five strains (Lactobacillus spp. Ol, b4, 175,
M?2 and M3) have been selected. They can be recommended for further researches
for creation of probiotic preparation and functional foods.

Key words: lactobacilli, antagonistic activity, acid-producing activity, cluster-
ing.

The total number of lactic acid bacteria in the biosphere is steadily increas-
ing. They inhabit various natural substrates and can build symbiotic relationships
in the digestive tract of worms, insects, fish, domestic and wild birds, mammals
and humans. In recent years, there is a large number of scientific works devoted
to the study of biological properties, taxonomy, classification and identification of
lactic acid bacteria isolated from various ecological niches [13, 17, 18]. Today the
search for new probiotic strains is still on going despite the widespread popular-
ity of prophylactic and therapeutic probiotics [16]. The effectiveness of probiotic
above all depends on the properties of the bacterial strains.The list of probiotic
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microorganisms that can positively affect various aspects of the macroorganism’s
functional state is quite numerous. Among them representatives of the genera Lac-
tobacillus and Bifidobacterium are the most studied [6, 14], as well as the certain
strains of some Streptococcus, Lactococcus, Enterococcus, Bacillus and Saccha-
romyces [12]. Since lactobacilli are one of the main microorganisms of the human
body, study of their biological properties, and the antagonistic activity against path-
ogens and opportunistic pathogens, is one of the main criteria for their selection for
the creation of probiotics.

Today at the modern market there is a large number of domestic and imported
products based on lactobacilli for the correction of human microbiota. However,
it is well known that use of microorganisms from specific ecological region for
the maintenance of a normal level of metabolic processes and immunological re-
activity of a macroorganism is required. Therefore, the selection of biologically
active lactobacilli strains from ecological niches of the southern region of Ukraine
is necessary for the creation of effective biological products and biological prepara-
tions of functional nutrition for the inhabitants of this ecological and geographical
zone. The aim of our work was to study the antagonistic properties of Lactobacillus
strains isolated from different sources.

Material and methods

Bacterial strains

Totally 13 strains of lactobacilli isolated from different sources were used in
experiments: from auto-fermenting vegetables (Lactobacillus sp. B1, B3, B4, BS,
B6, O1); from raw meat material (Lactobacillus sp. M1, M2, M3, M6); from feces
of healthy children (Lactobacillus sp. 146, 275,175).

Antagonistic activity

The antagonistic activity of lactobacilli was determined by the agar well dif-
fusion method [4]. Yeast and bacteria strains were used as the test cultures: Candida
albicans ONU 415, C. utilis ONU 413, Escherichia coli ONU 90, Bacillus subtilis
ONU 24, Pseudomonas aeruginosa ONU 211, Staphylococcus aureus ONU 223,
Staphylococcus saprophyticus ONU 537 M2, Salmonella enteritidis ONU 466,
Klebsiella pneumoniae ONU 463 and Proteus vulgaris ONU 92. Test cultures were
obtained from the Collection of microorganisms of the Department of Microbiol-
ogy, Virology and Biotechnology of Odesa I.I. Mechnykov National University.

Acid-producing activity

Acid production of the strains was evaluated as active and titratable acidity
during cultivation in sterile skimmed milk [5]. The ability of the bacterial cultures
to ferment milk and form a clot was studied. Acidity of milk was determined by the
titrimetric method and expressed in Turner’s degrees (°T).

Statistical analyses

The study was conducted in triplicates. Statistical analysis of the results were
performed using Excel and free software environment R 3.4.0. Values were report-
ed as the mean =+ standard error of the mean (SEM). The Wilcoxon's test was used
during the comparative analysis of the results. The degree of uniformity of indica-
tors within the group was determined using the non-parametric Kruskal-Wallis test.
Kruskal-Wallis test by rank is a non-parametric alternative to one-way ANOVA
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test, which extends the two-samples Wilcoxon test in the situation where there are
more than two groups. It’s recommended when the assumptions of one-way ANO-
VA test are not met. The p-value < 0.05 was considered as statistically significant
[7, 11].

Results and discussion

The perspective direction of microbiology and biotechnology is the search
for new active strains among lactic acid bacteria for the production of probiotics
and products of functional nutrition [1, 3, 6]. The antagonistic activity of lactoba-
cilli is one of the main requirements for bacterial strains — candidates in probiotics.
The study of this feature for 13 lactobacilli strains isolated from different sources
showed that they were all antagonists against yeast and bacteria strains at different
levels (Fig. 1).

B. subtilis P. aeruginosa

Fig. 1. The most sensitive test cultures to lactobacilli isolated from auto-fermenting
vegetables: A — test-culture E. coli ONU 90; B — test-culture B. subtilis ONU 24;
C — test-culture P. aeruginosa ONU 211

The major antagonistic activity of lactobacilli was observed against prokar-
yotic microorganisms. It was expressed in a greater number of strains-antagonists
and in the sizes of growth inhibition zones of indicator strains (Fig. 1). S. sapro-
phyticus ONU 537 M2 was most sensitive to metabolites of lactobacilli. It growth
was suppressed by all examined strains, and the diameter of growth inhibition
zones was greater than 25 mm in almost all cases. Lactobacilli were found less
active for the test-cultures B. subtilis and K. pneumonia. Only strains isolated from
raw meat material (Lactobacillus sp. M1, M2, M3 and M6) showed antagonistic
activity for B. subtilis. The greatest antagonistic activity was observed by strain
Lactobacillus sp. M6; the diameter of growth inhibition zones of B. subtilis reached
23.0 = 2.31 mm. K. pneumoniae ONU 463 was the most resistant to metabolites
of lactobacilli. Its growth was suppressed by only 5 lactobacilli strains (isolated
from different sources), and the diameter of growth inhibition zones did not exceed
25 mm. Lactobacillus sp. 175 was the most active antagonist for K. pneumonia
(growth inhibition zones was 22.0 £ 1.21 mm).
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Such relative resistance of K. pneumoniae and B. subtilis to lactobacilli an-
tagonistic metabolites can be partly explained by the ability to form resistance fac-
tors such as the polysaccharide capsule (for K. pneumoniae) and endospores (for
B. subtilis).

Data in literature on the impact of lactobacilli to K. pneumoniae and B. sub-
tilis are quite controversial [3, 10].

The high resistance of eukaryotic microorganisms of the genus Candida to
the metabolites of lactobacilli is known from the publications of many researchers
of lactic acid bacteria [8, 9, 14].

The studies have found that the representatives of the genus Candida were
resistant to the action of lactobacilli inhibitory substances (Table 1). The growth of
C. albicans was suppressed by only 4 strains of Lactobacillus, three of which were
isolated from raw meat materials. Growth of C. utilis was suppressed by 7 lactoba-
cilli strains from auto-fermenting vegetables (Lactobacillus spp. B1, B5, O1), raw
meat material (Lactobacillus sp. M2) and feces of children (Lactobacillus spp. 146,
275, 175). Lactobacillus sp. B4 was the most active against C. albicans, Lactoba-
cillus sp. B1 against C. utilis, the diameters of growth inhibition zones were 25.0 =
1.14 mm and 26.0 £ 1.13, respectively.

In the literature there are data on the dependence of the manifestation of the
antagonistic activity of lactobacilli on the source of isolation. Thus, in the work
of Vasilyuk O.M. with co-authors (2014) it was found that L. plantarum strains
isolated from fermented milk products are antagonistically more active against op-
portunistic pathogenic microorganisms than strains isolated from fermented veg-
etables. In this case, L. plantarum strains from fermented vegetables are the best
antagonists of phytopathogens [3].

In the work of Mezaini A. et al. (2009) also have affirmative data on the
effect of the source of isolation on the antagonistic activity of lactobacilli [15]. In
other works, for example, Bissenova N.M. and others (2007) found no effect of
the source of lactobacilli isolation on the manifestation of antagonistic activity; all
strains were highly antagonistically active [2].

According to the results of the cluster analysis, it has been shown that the
most sensitive to the action of the investigated lactobacilli strains was S. saprophyt-
icus ONU 537 M2. The following indicator strains — E. coli, P. aeruginosa, S. en-
teritidis, S. aureus and P. vulgaris — share the same cluster with S. saprophyticus
ONU 537 M2 (Fig. 2).

Indicator strains B. subtilis, C. albicans, K. pneumonia and C. utilis belong to
a different cluster (Fig. 2) depending on the levels of resistance to the metabolites
of lactobacilli. Indicators of probability are given at each internal node of the den-
drogram and confirm the authenticity of the formed group. The results of the cluster
analysis conducted to group the investigated lactobacilli by their total antagonistic
activity are shown at the figure 3.

Obviously, all the examined strains were grouped in two clusters, and the
second cluster has two subcluster. It should be noted that to the first cluster with
high probability (values are indicated at each internal node) belong strains isolated
from the raw meat material (Lactobacillus spp. M3, M6, M1, M2), which revealed
to be the most active against B. subtilis, K. pneumonia and partially to Candida sp.
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Fig. 2. Dendrogram of the clustering results of the indicator strains that resistance to
the investigated lactobacilli. Note: clustering of data was performed using the function
pvclust at nboot = 1000 (distance matrix — method "canberra', mode of "aggregation" —
method "complete')
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Fig. 3. Dendrogram of the clustering results on the levels of antagonistic activity of inves-
tigated lactobacilli. Note: clustering of data was performed using the function pvclust at
nboot = 1000 (distance matrix — method "canberra', mode of "aggregation' —
method "complete')

Similarly, the first subcluster of the second cluster includes lactobacilli isolated
from auto-fermenting vegetables (Lactobacillus spp. B4, B3, B6). The second
subcluster contains strains isolated from auto-fermenting vegetables (Lactobacil-
lus spp. BS5, B1, O1) and children feces (Lactobacillus spp. 146, 275, 175).

As was been shown the level of antagonistic activity depends on the strain
and possibly depends on the strain's place isolation. So, result of ANOVA, carried
out using Kruskal-Wallis test, corresponded to 28.8 at p = 0.0042, which indicates
the heterogeneity of the studied parameter. However, at the same time, a simi-
lar analysis conducted on the basis strain's place isolation showed a much lower
degree of heterogeneity of the studied parameter. In accordance with the results
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obtained, the values of the criterion indicated an alternative hypothesis only for a
sample formed from strains isolated from auto-fermenting vegetables (KW=11,26,
p=0,043). The other two samples (“raw meat material” and “children feces”) that
were formed on the basis of the grouping characteristic “place of isolation” were
characterized by more homogeneity of the indicator of antagonistic activity in rela-
tion to yeast and opportunistic test-strains — KW= 6.59 (p=0.086) and KW =4.35
(p=0.113), respectively.

As was shown, when performing an equal analysis on the levels of antago-
nistic activity between samples, in general, the tested indicators are similar to each
other in terms of the level of influence on yeast and conditionally pathogenic test
strains (Table 2).

Table 2
Comparison of antagonistic activity of investigated samples of lactobacilli formed on the
basis of the grouping characteristic “place of isolation” according to the Wilcoxon criteria

Wilcoxon criteria Auto-fermenting Raw meat material Children feces
vegetables
Auto-fermenting vegetables |[W=174,p=1.0 |W=99,p=0.18 |[W=84,p=0.75
Raw meat material W=99,p=0.18 |[W=80,p=1.0 W =74, p=0.094
Children feces W=84,p=0.75 |W=74,p=0.094 [W=45p=1.0

The antagonistic activity of lactic acid bacteria is due, first of all, to the pro-
duction of organic acids that have bactericidal action, and, in addition, reduce the
pH of the environment, which is unfavorable to many types of microorganisms.
The determination of activity of acid producing is an important characteristic of
probiotic lactobacilli strains of the definition of active and titratable acidity of 72-
hour lactobacilli cultures showed that these indices were diverged for different
strains (Table 3).

The titratable acidity levels varied from 39.67 = 1.31 °T to 168.33 + 0.65 °T.
The highest titratable acidity levels were marked for Lactobacillus sp. 175 and B1
(168.33 £0.65 and 166.33 + 0.65 °T, respectively). The least acid-producing ability
was demonstrated by Lactobacillus spp. 275, O1, M1 and M6. The clots forming
these strains were dense and homogeneous; Lactobacillus sp. M4 formed a loose
clot.

The ANOVA by Kruskal-Wallis has confirmed that the investigated lactoba-
cilli strains were formed in two independent groups on the basis of their acid-pro-
ducing activity (Fig. 4).

As shown on the data presented in Figure 4, the indicators of the level of
active acidity of investigated lactobacilli were heterogeneous (KW=35.79, p-value
=0.000349). However, when we analyzed samples conducted on the basis strain's
place isolation were shown that strains isolated from auto-fermenting vegetables
(KW=8.31, p-value = 0.13) and children feces (KW=5.6, p-value = 0.061) practi-
cally do not differ among themselves in the level of active acidity and form homo-
geneous groups. The Wilcoxon criterion confirms the similarity of indexes in the
lewel active acid-forming activity between these groups (W =43.5, p-value =0.13).
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Table 3
Acid-producing ability of the investigated lactobacilli
Lactobacillus strains Active acidity, pH Titratable acidity, °T

B3 4.55 146.00+1.13
B4 4.68 154.67+1.31
M3 4.68 157.67<1.31
B6 4.69 151.67+1.31
BS 4.70 158.00+1.13
M2 4.70 148.33+0.65
B1 4.73 166.33+0.65
175 4.76 168.33+0.65
M6 6.01 48.7£1.13

Ol 6.02 39.67+1.31
275 6.02 54.33+£0.65
146 6.04 43.00+£1.13
M1 6.04 42.3340.65

Note: p <0.05.
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Fig. 4. Results of the one-factor dispersion analysis on the basis of the active acid-forming
activity of the examined strains (Kruskal-Wallis chi-squared = 35.79, df = 12, p-value =
0.000349). Note: the boxplot lists the minimum values of active acidity, the value of the
first quartile (Q1), the median, the value of the third quartile (Q3), the maximal values

of the active acidity

Strains isolated from meat were more heterogeneous in active acid-forming
activity regard (KW=8.53, p-value = 0.03).

During charting a binary dendrogram based on the parameters of antagonistic
activity and the ability to active acid producion, it was observed that Lactobacil-
lus spp. M6, M1, B4, B1 and BS formed a coupled lines between the vertices of
both trees, which could serve as an indirect proof of the relationship between these
indices for the listed strains (Fig. 5).
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Quite interesting is the fact that the connection between the level of antagon-
istic activity and the level of acid formation was found only for the strains isolated
from raw meat materials and self-fermenting vegetables.

So, antagonistic properties of 13 lactobacilli isolated from different ecologic-
al niches have been investigated. Lactobacilli strains have been shown to inhibited
the growth of pro- and eukaryotic microorganisms in different level. At the same
time, the quantitative indicators of the synthesis of organic acids were different
and depended on the certain strain. The levels of the studied abilities depended on
the strain origin. During the claster analysis of the set of investigated lactobacilli
features has been revealed that the trend of grouping of the strains dependinged on
their primary source of isolation. Thus, in the study of a number of properties that
determine antagonistic activity, five lactobacilli (Lactobacillus spp. O1, b4, 175,
M2 and M3) have been selected. They can be recommended for further researches
for creation of probiotic preparation and functional foods.
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BIOJIOI'TYHA AKTUBHICTD JIAKTOBALINJI
PIBHUX EKOJIOT'TYHUX HIL
HHIBAEHHOI'O PEI'TOHY YKPAIHAU

Pedepar

Memoro docnioxcenusi 6y10 BUBYEHHS AHMALOHICMUYHOT AKMUBHOCME 1AKMOOA-
yun, euoinenux 3 pisHux docepen Iliedennozo peciony Yxpainu. Memoou. B exc-
nepumenmax euxopucmaro 13 wmamie baxkmepiti poody Lactobacillus. Anmaeo-
HICIMUYHY GKMUBHICMb IAKMOOAYUIL BUSHAYANU JIVHKOBO-OUPDYTHUM MemOOoM 8
Moswi azapy,8UKOPUCIMOBYIOUU MECM-KYAbIMYPU NPO-I eYKapioOmHUX Mikpoopea-
Hizmie. Kuciomoymeopennsa wimamie oyinioganu 3a akmusHoio ma mumposaHoio
KUCTIOMHICmI0 npu KyTomueysanti 6 monoyi. Pezynemamu. Yci 0ocniosceni nax-
mobaxkmepii Oynu akmusHumu anmazonicmamu epamuecamuenux (Escherichia
coli, Pseudomonas aeruginosa, Salmonella enteritidis i Proteus vulgaris), a ma-
Ko epamnosumusHux (Staphylococcus aureus i Staphylococcus saprophyticus)
oakmepiil. Jlakmobaxmepii 6UABIAIU MEHULY AHMALOHICIMUYHY AKMUBHICb U000
Bacillus subtilis ma Klebsiella pneumonia. Hatibinow akmusHumu anmazouicma-
Mmu Oynu nakmobaxkmepii, udineri 3 m’saca (Lactobacillus spp. M2 i M3). Akmuena
i MUmposana KUCIOMHICMb 1AKMobayun eapiosana 0 pisHux wmamie. Llmam
Lactobacillus sp. 175, eudinenuii 3 ghexaniii dimetl, xapaxmepusy8aecs Hatlguoo
MUMpPOBAnoI0 Kuciomuicmio. Bukopucmanus cmamucmuunux memoois (kiac-
mepHUll aHAli3) 00380UN0 cHOPMYBaAmMU KIACEPU 3 BUCOKOK BIPO2IOHICHIIO 3d
DpisHeM aHMA2OHICMUYHOI aKMUSHOCMI 00CHiONCYy8anux nakmobakmepiil. Pak-
MOPU HABKOTUUIHBO2O CEPe008Ud MAIOMb NEGHUTL BNIUG HA (POPMYBANHS 3A2ATb-
HOI' aKmuHoOCmi Wmamis 1axmodaxmepii, aie NPosié KOHCHOI 3 OKpeMux ocoonu-
socmell € documv cneyu@iyHuM i 3anedxcums 8i0 0cobIUBOCmell NeGHO20 MIKpO-
opeanizmy. Bucnogxu. Ilpu docniodicenni Hu3Ku 61acmugocmel, o 6U3HA4aoms
AHMA2OHICMUYHY AKMUBHICMb, 0VI0 8i0IOPAHO N ’simb wmamis i1akmobakmepiil
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(Lactobacillus spp. Ol, b4, 175, M2 ma M3). Bonu moxcyms 6ymu pexomenoo-
8aHI OJis1 ROOALULUX OOCAIONCEHb 0151 CMEOPEHHSL RPOBIOMUYHO20 NPEenapamy ma
DYHKYIOHATLHUX NPOOYKMIE XAPYYBAHHSL.

Knwuosi crnoea: naxmobaxkmepii, anmazomicmuuHa aKmMu@HiCMb, KUCTIO-
MOMEOPHA AKMUBHICNb, KAACMEPUAYIAL.
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BUOJIOI'NMYECKAA AKTUBHOCTD JIAKTOBAIIWJLJL
PA3HBIX EKOJIOT'MYECKUX HUL
IO KHOTI'O PETMOHA YKPAUHBI

Pedepar

Lenvto uccneoosanus OblAO U3yHeHUE AHMALOHUCIUYECKOU AKMUBHOCMU JIAK-
ModayUIL, 8blOENEHHbIX U3 PA3IUYHBIX ucmounukos IOucnoeo pecuona Yipau-
nol. Memoowl. B sxcnepumenmax ucnonvzosano 13 wmammos 6axmepuii pooa
Lactobacillus. Aumaeonucmuuecxkyio akmugHoCms 1aKmooayuil onpeodesiiu iy-
HOUHO-OUDDY3HBIM MEMOOOM 6 MONWe Aeapd, UCNONb3YsL MeCH-KYIbmypbl NPO- U
EYKAPUOMUYECKUX MUKPOOP2aHuzmo8. Kuciomoobpazosanie wmammos oyeHu-
8aU NO U3YHEHUIO AKMUBHOU U MUMPYEMOU KUCIOMHOCMU NPU KVIbMUBUPOBA-
Huu 6 monoke. Pesynomamet. Bce ucciedosannvie 1akmodaxmepuu 6vliu akmué-
HblMU anmazonucmamu epamompuyamenshoix (Escherichia coli, Pseudomonas
aeruginosa, Salmonella enteritidis u Proteus vulgaris), a makoice epamnonodxicu-
menvHvix (Staphylococcus aureus u Staphylococcus saprophyticus) daxmepuil.
Jlakmobaxmepuu nposeusiiu MEHbUYIO AHMALOHUCMUYECKVIO AKIMUBHOCMb 6
omnowenuu Bacillus subtilis u Klebsiella pneumonia. Haubonee akmuenviymu am-
mazonucmamu Ovliu 1akmooaxmepuu, gvloenennvle uz msaca (Lactobacillus spp.
M2 u M3). Akmuenas u mumpyemas. KUCJOMHOCHb AAKMOOAYULL 8APbUPOBALA
ons pasubix wmammos. Llmamm Lactobacillus sp. 175, evi0enennviii uz gpexanuti
demell, Xapaxkmepuzo8aics HauboIbuLell mumpyemou KUci10mHocmoio. Mcnonb3o-
8aHUE CIMAMUCMUYECKUX MeMO008 (KIACMEPHbIIL AHAU3) NO360UNO CHOPMUPO-
8amb KIACMEPbI ¢ 8bICOKOU BEPOSIMHOCHIbIO NO YPOBHIO AHMALOHUCMUYECKOU K-
MugHoOCMuU ucciedyemvlx aaxmoobaxmepuii. Daxmopvi okpysicaroujeli cpedsbl OKa-
3b18aIOM ONpedesienHoe GlusiHue Ha GopMuposanue ooujell akmugHOCMy Wmam-
MO8 1aKmodakmepuil, HO NPOSGICHUE KANCOOU U3 OMOEIbHbIX 0CODeHHOCmel
ANAEMCst OOCMAMOUHO CREYUDUUECKUM U 3A6UCUM OM 0COOEHHOCMEN onpede-
JIeHH020 MuKpoopzanusma. Beteoowl. Ilpu ucciedosanuu psoa ceoticma, onpede-
JSTOUWUX AHMAZOHUCTIUYECYIO AKMUBHOCMb, ObLIU OMOOPAHLL NSMb UUMAMMO8
naxkmobaxmepuil (Lactobacillus spp. Ol, B4, 175, M2 u M3). Onu mocym 6vimo
PEKOMEHO0BAHDL 051 OANbHEUUUX UCCIe008AHULL OJIsl CO30AHUS NPOOUOMUYECKO20
npenapama u QyHKYUOHAIbHBIX NPOOYKMOE NUMAHUSL.

Kniouesvle cnosa: /zakm06a1<mepuu, anmazoHucmu4deckast akmueHocnlb, Kuc-
ﬂomoo6pa3yiou4aﬂ AKMueHoCmb, Kiacmepusayusi.
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