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ABSTRACT

Lactobacillus strains are a major part of the probiotics, miawl of the intestine and of
fermented foods. The aim of this study was to eaaluthe potential probiotics of six
Lactobacillus strains L. fermentum 39-183;L. plantarum subspplantarum P-8; L. casei ATCC
334; L. rhamnosus ATCC 8530, L. brevis KB 290 andL. fermentum JMC 7776). Probiotic
properties such as acid tolerance, bile resistabesteriocin-like activity, cell surface
hydrophobicity and antibiotic resistance were asese$n vitro results obtained showed that all
Lactobacillus strains tested were able to meet the basic regaines for probiotic functions as
they demonstrated probiotic characteristics suckokesance to pH 2.0 and 2% bile salt. All
Lactobacillus strains inhibited the growth dE. coli, Saphylococcus aureus and Salmonella
Typhi. Among strains tested,. plantarum subspplantarum P-8 showing inhibitory is very
promising with inhibition zone ranging between 6512.7 mm. The results for cell surface
hydrophobicity and susceptibility against antilistialso showed that fermentum JMC 7776
andL. plantarum subspplantarum P-8had higher cell surface hydrophobicity than thestell
Lactobacillus tested were resistant to vancomycin and suscepttbstreptomycin. The results
obtained in this investigation will be used to sefgotentially probiotic strains fon vivo study.

Keywords. Lactobacillus, probiotic, acid and bile toleranastibiotic susceptibility, bacteriocin-
like activity.

1. INTRODUCTION

Probiotics are defined as living microorganismst tbantribute to beneficial effects on
human health upon ingested in adequate dose [TerRReesearch has credited several health
benefits to probiotic organism that are indigendosthe gastrointestinal tract, as well as
consumed through probiotic products. These inctbde ability to relieve symptoms of lactose
intolerance [2], increase immune function choledtéswering potential [3], and treatment of
diarrhea [4]. Some of the commonly known probiotisslong to the lactobacilli and
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bifidobacteria genus. Lactobacilli are membershef fiactic acid bacteria (LAB). They are the
largest genus in the LAB group with over 100 spedeported. The natural habitats of
Lactobacilli span from dairy products, sourdougéadls, and fermented foods to various niches
in animals and humans. Lactobacilli are part of &nim normal microflora in small intestine,
and large intestine [5].

Lactobacillus plays an important role as starters in health éetied foods. Some health
benefits include improvement in intestinal disoedand lactose intolerance, altered vitamin
content of milk, antagonism against various pathagerganisms including antimutagenic and
anti-carcinogenic activities [6, 7]. To be functibras probiotics for humahactobacillus must
be of human origin, non-pathogenic, survive to wasicid and bile toxicity, able to have cell
surface hydrophobicity, colonise gastrointestinatt (GIT) and able to compete with pathogen,
as well as having ability to modulate immune resesn The antibiotic resistance of pathogenic
bacteria is an increasing medical problem [8], emdes the question of antibiotic resistance
among desired probiotic strains. Therefore, theibentic susceptibility test should be
incorporated for the safety assessment of the etbgiroperty of the promising probiotic
Lactobacillus [9]. AlthoughLactobacillus shows a high impact on effective protection to hum
health, there is obvious evidence thactobacillus from different origins possess probiotic
properties at different levels [10]. Hence, the aiithis study is an effort to give a comparative
account of six strains dfactobacillus in the group of probiotic bacteria.

2. MATERIALS AND METHODS
2.1 Bacterial strains and culture conditions

The strains ofLactobacillus were isolated from two different originsi) (traditional
fermented foodl(. fermentum 39-183;L. plantarum subspplantarum P-8;L. casei ATCC 334;
L. rhamnosus ATCC 8530 and.. brevis KB 290) [11], (i) fecal flora of infantsl(. fermentum
JMC 7776, accession number AB911502.1). The metbbdsolation was according to
Schillinger (1999) using de Man Rogosa Sharpe (MB&r or broth (Merck Darmstadt,
Germany) as a medium [12]. All isolated strainsemezpt at -20C in MRS broth supplemented
with 50 % sterile glycerol for further experiments.

The pathogenic bacteria strains used as indicatoamtimicrobial activity studies were
Escherichia coli BL21, Staphylococcus aureus and Salmonella Typhi. Three indicators were
supplied by the Department Biotechnology of Ho @tinh City University of Technology in
Vietnam. All three indicator strains were stored-20 °C in Tryticase soy broth supplemented
with 50 % sterile glycerol.

2.2. Determination of acid tolerance

This experiment was carried out according to théhoek described by Brashegtral. [13]
with some modification. A suspension of overnighttare of Lactobacillus strains in MRS
broth was centrifuged at 6,000 rpm for 15 min. Thé pellets were mixed with 0.1 M sodium
phosphate buffer pH 2.0 and 3.0 to yield 100’ cfu mL™. The contents of the culture were
vortexed and 1 mL of culture from each tube wagnalater at 1 and 2 hours of incubation at
37 °C. The growth was estimated after 24 hoursnobibation using standard plate count
technique [14].
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2.3. Determination of bile tolerance

The ability of Lactobacillus cultures to grow on bile containing media was q@enid
according to Chou and Weimer [15]. One millilitarroL) of overnight healthy culture (1010’
cfu mL?) was inoculated into 9 mL MRS broth containingfefiént concentration of bile salt
(0.5; 1.0 and 2.0 %) and incubated at 37 °C for ®ihe hundreds microliter (1Qd.) of the
isolates was platted into MRS agar and incubate®¥V &tC. The growth was estimated after 24
hours of incubation using standard plate countrtiegle [14].

2.4. Antimicrobial activity

The antimicrobial activity ofLactobacillus strains was determined by the method
introduced by Barefoot and Klaenhammer [16] witmsomodification Escherichia coli BL21
and Salmonella Typhi were used as Gram negative pathogenic ingligathile Saphylococcus
aureus was of Gram positive. A loop full of each of thactobacillus strains from the MRS agar
slants was inoculated into tubes containing 10 rhisterile MRS broth. These broth cultures
were incubated at 3C for 48 h. After incubation, the cultures weretcémged (8,000 rpm for
15 min at 4C) to obtain the Culture Free Supernatant (CFS. i of the CFSs was adjusted
to pH 6.5 with 1M NaOH to exclude antimicrobial exffs of organic acids. The inhibition
activity was examined by means of the diametersnbibition zones using the agar well
diffusion method [17]. Briefly, 50uL of cell-freeipernatants were placed into wells (6.0 mm in
diameters) on the appropriate media agar platekedegith indicator strains (final concentration
10°cfu mLY). After 24 h of incubation time, the diameter phibition zone was measured and
scored. The presentation of inhibition zone wereinduded in 6 mm diameter of well. The
inhibition zone larger than 2 mm was scored pasitiv

2.5. Cell surface hydrophobicity

The in-vitro cell surface hydrophobicity was determined by Haeterial adherence to
hydrocarbon assay modified from the methods of Ro=eget al. [18]. Briefly, Lactobacillus
strains were grown in MRS broth for 18 - 24 h at°87under anaerobic conditions. After
incubation, the cultures were centrifuged at 5,0p6h for 15 min, washed twice and
resuspended in KIPQ, buffer (pH 6.5) to an optical density (@@ n,) of 0.4 - 0.6 (A)
measured spectrophotometric. A portion of 2 mL giere or toluene was added to 6 mL of
bacteria suspension. The mixture was blended wsiugrtex mixer for 60 s. The tubes were
allowed to stand at 37C for 30 min to separate the two phases. The agupbase was
carefully removed and the Qf3.mof the aqueous phase (A) was measured. Hydrophotias
calculated from three replicates as the percenti@gecase in the optical density of the initial
agueous bacterial suspension due to cells paitiidnto hydrophobicity (%H) oEactobacillus
strains adhering to xylene, toluene was calculas®ag the equation:

4o

%Hz( )XlOO

0
2.6. Resistance to antibiotics

The antibiotic susceptibility ofLactobacillus strains was determined towards six

antibiotics, namely, Vancomycin (30 pg), Trimethop (1.25 pg), Penicillin (10 Units),
Amoxicillin (20 ug), Erythromycin (15 pug) and Sttemycin (10 pg) by the disc diffusion
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method. After incubation at 3%C for 24 h, inhibition zone diameters were measuxed the
results were expressed in terms of resistance ({RErmediate susceptibility () and
susceptibility (S), according to cut off levels posed by NCCLS and Vikowt al. [19, 20].

2.7. Statistical analysis

All experiments in the present study were carriatlio triplicates and the results indicate
their mean values. For statistical analysis, thaddrd errors of the means were calculated and
the means were tested according to one-variableysasmaof Statgraphics centurion XV for
significant differences among the samples.

3. RESULTS AND DISCUSSION
3.1. Acid tolerance

One of the most important properties for a probidti provide health benefits is that it
must be able to overcome physical and chemicalidsarrsuch as acid and bile in the
gastrointestinal tract [21]. Microbial strains siliite for probiotic should be able to tolerate in
acid media with pH between 1.5 and 3.0 for at |€&@stmin since it is the food transit time
through the human [22]. Thus, in this study, thelmef pH 2.0 and 3.0 was used to represent
the extreme acid condition of human stomach akerctaise of fasting period when the stomach
is non-fasting, e.g. after meal, the gastric phiggally raised up to 3.0 or more. The survival
rates of sixLactobacillus strains under different pH values are shown inl§dbAfter 2 h of
exposure, the majority of the sbactobacillus strains was highly tolerant and retained their
viability under acidic conditions at pH 3.0he residual counts were within a range of 5 and 7
log counts throughout the period of exposure ta3pgHThe survival at pH 3.0 but not at pH 2.0
was promising for most of the strains. There wasemvariation in the tolerance of pH 2.0 and
the highest resistance to acidic conditions wamesl forL. plantarum subspplantarum P-8
and L. fermentum JMC 7776.In contrast,the lowest acid tolerance was observed for
rhamnosus ATCC 8530 (30.26 %) after 2 h of incubation at pld.2The survival rates df.
plantarum subspplantarum P-8 decreased from 9.81 + 0.16 to 5.74 + 0.47]leAhirhamnosus
ATCC 8530 decreased from 8.87 + 0.27 to 2.66 + (bd6CFU mL™* by the end of 2 h exposure
to pH 2.0.This result is similar with a report of Dhewa et §010) that.. plantarum survived
well at low pH [23].However, our results also are not in agreemertt Wirimi Torshizet al.
[24], who observed the survival percentage at pHa2ter 2 h forL. rhamnosus was 67.76 +
2.66 %. The results (Table 1) indicate that thassrs had low tolerance at pH 2.0 were able to
tolerate a higher pH of 3.0. This shows that thst lpH to select for strains with probiotic
potential is pH 2.0 since it is at this level armt pH 3.0 that discrimination according to pH
sensitivity could be achieved. According to Hutkiwsd Nannen [25], bacterial strains were
considered as acid resistant when more than 10 ééllsf survive under pH 2.0 for 90 minutes,
suggesting that sitactobacillus strains are acid tolerance. To survive on acid itimmg
bacterial strains physiologically have to reguldtteir cytoplasmic or intracellular pH at a near
neutral by using a number of transporters. Onehef tital transporters in LAB i®roton-
translocating AT Pase that maintains pH homeostatis by means of pumpihgu of cells [25].
Bacterial cells unable to maintain a near neutrdfacellular pH during growth at low
extracellular pH may lose viability and cellulatigity.
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Table 1. Tolerance of sixactobacillus strains (log CFU count) on exposure to differentgrid

incubation period at 37 °C.

Strains Incubation pH Controls
(hours) 2.0 3.0 pH 6.2
L. fermentum 39-183 1.0 7.74+065 7.78+0.21 9.87+0.9
2.0 3.66+041 6.45+0.24 9.91+0.61
L. brevis KB290 1.0 6.67+056 6.36+0.19 8.72+0.28
2.0 3.79+£0.34 537+0.28 8.78 £ 0.35
L. fermentum JMC 7776 1.0 7.78+052 7.78+0.21 8.73+£0.59
2.0 4.61+0.62 6.45+0.24 8.78 £ 0.10
L. plantarum subspplantarum P-8 1.0 8.73+0.30 856+0.46 9.73+0.51
2.0 574+047 7.73+0.36 9.81+0.16
L. casei ATCC 334 1.0 5.68+0.29 8.57+053 8.76+0.48
2.0 3.78+£0.25 6.80+0.46 8.81+0.19
L. rhamnosus ATCC 8530 1.0 5.60+0.26 7.78+0.34 8.79+0.27
2.0 2.66+046 6.49+0.27 8.87+0.27

+ = standard error of mean

3.2. Bile tolerance

Table 2. Tolerance of.actobacillus strains (log CFU count) on exposure to differeta balt
concentration after 2 h incubation at 37 °C.

Bile salt concentration (%)

Strains Control
0.5 1.0 2.0

L. fermentum 39-183 8.67+0.15 7.29+0.18 5.98+0.21 3.5610
L. brevis KB290 8.66+0.13 7.59+0.15 6.18+0.12 5.11#0
L. fermentum JMC 7776 8.69+0.17 6.56+0.10 4.39+0.16 1.7625

L. plantarum subspplantarum P-8 8.67+0.11 8.00+£0.17 5.79+£0.10 4.4550.1
L. casei ATCC 334 8.71+0.14 7.68%+0.13 6.47+0.14 58910

L. rhamnosus ATCC 8530 8.69+0.17 8.23+0.11 6.06+0.13 39823

Another barrier for bacterial growth in the digestiract is bile salts. As a surface active
compound, bile penetrates and reacts with lipaplside of bacterial cytoplasmic membrane
causing a damage of membrane structure [26]. Bde affects the structure and function of
large macromolecules such as DNA and proteins leatlee damage of molecule. In this study,
viability of six Lactobacillus strains on 0.5; 1.8nd 2.0 (%) bile salts for 2 h was presented in
Table 2. As shown in table 2, all Lactobacillussts were good stable in bile-containing media
at concentration 0.5% and showed viable cell redndess than 49 % at concentration 1.0 %.
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L. casei ATCC 334howed the highest survival percentagé.24 + 0.66 % with cell viability
decreased from 8.71 + 0.14 to 5.59 + 1.00 log CRU riThis result is in agreement with Puniya
et al. [27] who observed L. casei showed a goaataalce to high bile concentration. In contrast,
thelowest bile tolerance was observed for L. fermen8M€ 7776 on bile-containing media at
concentration 2.0 % with viable cell reduction a8 %. However, the relevant physiological
concentrations of human bile salts range from 6.8.6 % [8]. The concentration 0.3 % bile
salts is considered as critical for resistant saicreening and the same level is critical for the
human probiotics selection. Therefore, the findingfs present study indicated that six
Lactobacillus strains have good bile intolerancel @me more tolerant to bile salts than
Lactobacillus spp. and Lactococcus sp. of eantieestigations [23].

3.3. Bacteriocin-like activity

The ability to produce antimicrobial compounds agaienteric pathogens is one of the
important criteria for probiotic bacteria. In théxperiment, the culture supernatants after pH
neutralization of Lactobacillus strains were examined for antimicrobial activity asupt
pathogenic bacterig. coli, S aureus, andSalmonella Typhi (Table 3).

Table 3. Antimicrobial activity in terms of zone of inhiimn (mm) of culture supernatants after pH
neutralization of_actobacillus strains against standard pathogenic cultures.

Inhibition zone (mm)

Strains

E. coli BL21 S. aureus Salmonella Typhi
L. fermentum 39-183 11.30+£0.45 5.80 £ 0.00 7.50 £ 0.15
L. brevis KB290 4.00 £ 0.00 6.1 +0.50 6.90 £ 0.05
L. fermentum JMC 7776 7.20+1.04 7.80+0.76 8.20£0.35
L. plantarumsubspplantarum P-8 12.70 £ 0.76 6.50 + 0.5 7.50 +0.87
L. casel ATCC 334 4.20+0.26 9.10+0.17 10.01 £ 0.36
L. rhamnosus ATCC 8530 3.17+0.31 5.07 £0.30 5.03+0.25

It was found that allLactobacillus strains used in this study have shown a direct
antagonism again& aureus and produced an inhibition halo of growth of besawé to 9 mm.
Meanwhile, L. casal strain ATCC 334 showed highest antagonistic agtigigainstS. aureus
with inhibition zone of 9.10 £ 0.17 mm. The inhibit zone ofL. casel ATCC 334 reported here
is lower thanLactobacillus casal reported by Tharmaraj and Shah [28]. With Ssémonella
Typhi, L. casei ATCC 334 showed highest antagonistic activity withibition zone of 10.01 +

0.36 mm. L. plantarum subspplantarum P-8 showing inhibitory activity against all test
organisms are very promising with inhibition zoné lmetween 6.5 to 12.7 mm, thereby
emphasizing its probiotic characteristics, whereaghamnosus ATCC 8530 showed weak
zones of inhibition against all test organisms. @sults are in agreement with N. Murugalatha
et al. [29] who observed the inhibitory effects lof plantarum isolated from raw Cattle milk,
whose free-cell supernatant pH 7.0 showed strotigitgcagainstSaphylococcus aureus with

the zone of inhibition of 10 - 14 mm in diameteatl®genic inhibition by LAB has previously
been reported due to the production of organicsadikD,, and bacteriocin [30]. The inhibitory
effect of bacteriocins was assumed to be due teethes effect on bacterial cells which
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destroyed the basic molecular structure of celtging and bacteriocin form the pores in the
membrane of sensitive cells and depleted the tramdirane potential and/or the pH gradient,
resulting in the leakage of cellular materials [31]

3.4. Cell surface hydrophobicity

The adhering ability ofactobacillus strains studiedh vitro by calculating the reduction in
absorbance of buffer containing cellular suspenaiditated that there was a vast difference in
the hydrophobicityL. fermentum JMC 7776isolated from fecal of infants revealed 59.58 %
hydrophobicity in toluene, and 44.26 % in xylenehiles L. fermentum 39-183 fermented
traditional foods origin showed 25.01 % hydrophdkién toluene, and 22.43 % in xylene
(Table 4). Adherence of bacterial cells is usuadliated to cell surface characteristics. Cell
surface hydrophobicity is a nonspecific interacti@iween microbial cells and host. Bacterial
cells with a high hydrophobicity usually presenbsg interactions with mucosal cells. In our
study, the higher value of cell surface hydrophidpiof L. fermentum JMC 7776and L.
plantarum subspplantarum P-8in two different hydrocarbons xylene and tolueneea@btained.
The high values of hydrophobicity could be a sifra @reater capability of bacteria to adhere
the epithelial cells as indicated by Rosenkatra. [18].

The results obtained in the present study argrieesment with that of Vinderokt al. [32]
who observed the low value of hydrophobicity foe tstrains ofL. casei and L. rhamnosus,
found ranged from 10.9 to 24.1 %, are not in ages@rwith Puniyaet al. [27] who observed the
highest hydrophobicity were fdr. casal ranging from 36 % to 56 %. The hydrophobicityLof
fermentum JMC 7776 was higher when compared to other stnaitis ranging from 44.26 to
59.58.

Table 4. Hydrophobicity ofLactobacillus strains as determined in selected hydrocarbons.

Strains Hydrophobicity in %
Toluen Xylene
L. fermentum 39-183 25.01+3.81 22.43+2.75
L. brevis KB290 39.41 £ 4.37 51.02+1.04
L. fermentum JMC 7776 59.58 £ 3.01 44.26 £2.10
L. plantarum subsp.plantarum P-8 55.27 £ 4.63 40.89 £ 3.91
L. casel ATCC 334 30.56 + 2.67 31.74+2.50
L. rhamnosus ATCC 8530 39.39+4.10 29.28+241

3.5. Resistance to antibiotics

Lactobacilli are increasing incorporated into fo@gl other nutraceutical products due to
their established health benefits [33]. In prolmoapplication, viable bacterial cells are
consumed in high daily dose and the safety of tpplied strain is therefore of utmost
importance. One of the safety assessments ishgtrobiotic should be inhibited by common
antibiotics agents. In this study, the susceptibtlb certain antimicrobial agents was compared
among six strains dfactobacillus. Results as shown in table 5 revealed #iht actobacillus
strains were resistance to vancomyaiimd susceptible to streptomy¢ifable 5).
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Table 5. Susceptibility ol_actobacillus strains against antibiotics.

Strains Diameter of inhibition zone in mm
Van ™™m Pn Ery S
(B0M)  (1.25pg) (OUNMS)  (15,g)  (10ug)
L. fermentum 39-183 R R R S S
L. brevisKB290 R R R S S
L. fermentum JMC 7776 R R R S S
L. plantarum subspplantarum P-8 R S S S S
L. casei ATCC 334 R R R R S
L. rhamnosus ATCC 8530 R R R S S

Van = vancomycin R < 14; | = 15 - 16; S = 17; S = streptomycin R = 11; | = 12 - 14; S = 15;
Ery = erythromycin R =< 13; | = 14-17; S =18; Tm = Trimethoprime R = 10; | = 11-15; S = 16;

Pn = Penicillin R =< 28; | = 28 - 29; S = 29; S => 18; R = resistant; | = intermediate susceptible;
S = susceptible

Resistance to vancomycin is commonly found in tlesug Lactobacillus. The high
frequency of vancomycin resistance found amongksdtilli might not pose a problem as this
type of vancomycin resistance is different fromitiducide transferable mechanism observed in
Enterococci [34]. For trimethoprimie. plantarum subspplantarum P-8 showed susceptibility,
whereas rests were resistant to this drug. Trinpethn@ inhibits the synthesis of folic acid
which is necessary for the synthesis purines, @sfesubstance in bacteria nucleic acid.
Resistance of almo&factobacillus strains tested except far plantarum subspplantarum P-8 to
trimethoprime was considered to be due to a trio@ime-insensitive dehydrofolate reductase
[35]. The results to the protein synthesis inhibg&bowed that.. casei ATCC 334was resistant
to erythromycin whereas rests were susceptiblehi® drug. Our results of erythromycin
susceptibility and trimethoprime resistance wess @ agreement with Coppodhal. [36] and
Ammoret al. [37].

4. CONCLUSIONS

In conclusion, alLactobacillus strains tested were able to meet the basic reqaires for
probiotic functions as their probiotic charactécistsuch as tolerance to pH 2.0 and 2 % bile salt
were demonstrated. Allactobacillus strains inhibited the growth d&. coli, Staphylococcus
aureus and Salmonella Typhi. L. fermentum JMC 7776and L. plantarum subspplantarum P-8
had higher cell surface hydrophobicity than thésteBesides, these strains tested were resistant
to vancomycin and susceptible to streptomycin. fEsalts obtained in this investigation will be
used for preliminary screening in order to idenfifgtentially probiotic bacteria suitable for
human or animal use.
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