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Summary

Zusammenfassung

1) Microbiology Laboratory, Doctor Behget UZ Hospital for Child Diseases Education and
Research, 35210 Konak/izmir, Turkey; 2) Department of Biology, Faculty of Art and Scien-
ce, Ahi Evran University, 40100 Kirsehir, Turkey; %) Sabuncuoglu Serefeddin Vocational
School of Health Services, Amasya University, Amasya, Turkey

Investigation of probiotic propertieé of
lactobacilli bacteria isolated from human
gastrointestinal tract

Untersuchung von probiotischen Eigenschaften von Lactobacilli-Bakterien aus
menschlichem Gastrointestinaltrakt isoliert

Sener Tulumoglu), Ergin Kariptas?), Belgin Erdem?), Onder idiF),
Emel Atas Berksoy')

In this study, the probiotic characteristics of Lactobacillus which were taken from the
stool samples of 30 children, aged between 5 and 15 years, were studied. The
stomach medium (low pH) and bile salt tolerance, bile salt hydrolysis activity, anta-
gonistic activity and cholesterol assimilation quantity of Lactobacillus strains were
determined. It was defined that on the whole Lactobacillus strains were resistant to
high acidity (pH 2.0-2.5) and sensitive to high levels of bile salt (% 1.00 Oxgall), there
was no bile salt hydrolysis activity, they were resistant to vancomycin, teicoplanin
and bacitracin and had antagonistic effects on pathogenic bacteria. It was noted that
only L. curvatus L26 strain, which produced bacteriocin, had a general antagonistic
effect; was indulgent to gastric acid and bile salt; and in different bile salt medium
assimilated cholesterol at a high degree (15.22-25.42 ug/mi). At the same time, the
fact that L. curvatus L26 had R-glucuronidase digesting prebiotics and B-galacto-
sidase digesting lactose is one of its most significant probiotic properties. In the light
of this information, our opinion is that L. curvatus L26 can involve potential probiotic
characteristics.

Keywords: Probiotic, Lactobacillus, Gastrointestinal tract

In dieser Studie wurden die probiotischen Eigenschaften von Lactobacillus, die aus
den Stuhlproben von 30 Kindern im Alter von 5 bis 15 Jahren gemacht wurden,
wurden untersucht. Der Magen-Medium (niedriger pH-Wert) und der Gallensalz-
toleranz, Gallensalz-Hydrolyse-Aktivitat, antagonistische Aktivitdt und Cholesterin As-
similation Menge von Lactobacillus-Stdmme wurden bestimmt. Es wurde festgelegt,
dal auf die gesamten Lactobacillus-Stdmme waren resistent gegenlber hohen
Séuregrad (pH-Wert 2,0-2,5) und empfindlich gegeniber hohen Niveaus von Gallen-
salz (1,00 % Ochsengalle), gab es keine Gallensdurensalz-Hydrolyse-Aktivitat, sie
waren resistent gegen Vancomycin, Teicoplanin und Bacitracin und hatte antago-
nistische Wirkungen auf pathogene Bakterien. Es wurde festgestellt, dass nur L. cur-
vatus L26-Stamm, der Bakteriozin produziert, hatte eine allgemeine antagonistische
Wirkung; war nachsichtig Magensaure und Gallensalz; und in verschiedenen Gallen-
salzmedium gleich Cholesterin auf einem hohen Grad (15,22 bis 25,42 g/ml). Gleich-
zeitig ist die Tatsache, dass L. curvatus L26 hatte B-Glucuronidase und B Verdauen
Prébiotika-Galactosidase Verdauen Lactose einem seiner wichtigsten probiotischen
Eigenschaften. Angesichts dieser Informationen ist unsere Meinung, dass L. curva-
tus L26 kénnen potenzielle probiotischen Eigenschaften beinhalten.

Schliisselwdrter: Probiotische, Lactobacillus, Gastrointestinaltrakt
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Introduction

Probiotic microorganisms are those which are found in the
natural human flora, tolerant of gastric acid and bile, can
hold onto epithelial cells of the gastrointestinal (GI)
system, are of anaerobic character, are non-pathogenic and
have an antagonistic attribute (Kaur et al. 2002; Otles et al.
2003; Salminen et al. 2005; Shobha and Agrawal, 2007). For
many years, lactic acid bacteria (LAB) have been used for
the fermentation of various foods such as yoghurt, cheese,
kefir, pickle, sausage, etc. (Simsek et al. 2006). Probiotic
LAB have been widely studied in recent years. Currently,
Lactobacillus casei shirota (LCS), L. rhamnosus LGG,
L. acidophilus LA7, L. acidophilus LAS, L. acidophilus
DDS23, L. casei LC1, Bifidobacterium longum BB536,
B. lactis BB12, B. animalis DN-173010 and Saccharomyces
boulardii microorganisms are used as probiotics (Klein et
al. 1998; Soccoll et al. 2010).

Probiotics taken by oral route should preserve their
intactness while passing through the gastric juice. Micro-
organisms taken from food stay in the stomach having a pH
value between 2.0 and 3.0 and an enzymatic medium for
1to 4 h (Kopp-Hoolihan, 2001). Most of the microorga-
nisms are inhibited during this period while probiotic mi-
croorganisms are transferred unimpaired to the intestines.

Bile, which is formed in the liver and which is its major
organic compound (Ceydilek and Beyler, 2005), is secreted
into the small intestine at an amount of 600-1200 mL/day.
Of this amount, 20-30 grams enter the large intestines and
display an antimicrobial effect against microorganisms
(Dunne et al. 1999). Previous studies showed that both con-
jugated and deconjugated bile salt acids inhibited the in
vitro survival of bacteria such as Escherichia coli isolates,
Klebsiella sp and Enterococcus sp (Lewis and Gorbach,
1972; Stewart et al. 1986). Klayraung and Okonogi (2009),
stated that L. fermentum displays an antagonistic effect on
L. monocytogenes, S. aureus ssp aureus, S. typhi and Shi-
gella sonnie and this effect increases with bile salt addition.

Bacteriocin is a polypeptide produced by bacteria. Some
strains of LAB produce bacteriocin that shows antagonistic
effect on varied bacteria. Ghalfi et al. (2006) noted that
bacteriocin of Lactobacillus curvatus CWBI-B28 strain
displays antagonistic effect against Listeria monocytogenes.

Bile salts both enable digestion of fat and prevent the
microorganisms from growing up in gut. It was reported
that some LAB can reduce the emulsifying effect of the bile
salts by hydrolyzing them with bile salt hydrolase enzymes
(Erkkila and Petaja, 2000). In several studies, it is noted
that some types and strains of LAB (L. acidophilus, L. sali-
varius, L. plantarum, L. brevis L. fermentum) hydrolyze
bile salts (Dashkevicz and Feighner, 1989; Du Toit et al.
1998; Guijie et al. 2009).

There are studies demonstrating that lactobacilli are natu-
rally resistant to vancomycin and teicoplanin (Klein et al. 1998;
Klein, 2011) while lactobacilli of human origin are resistant to
bacteriocin (Charteris et al. 1998; Charteris et al. 2001).

One of the desired properties in probiotic microorga-
nisms is that prebiotics which cannot be absorbed or dige-
sted should be hydrolized through the B-glucuronidase and
B-galactosidase enzymes intolerant people. Lactobacillus
has these sorts of enzymes (Stromp and Laukova (2013).
None of the strains showed any level of a-chymotrypsin, 8-
glucuronidase, B-glucosidase, N-acetyl-8-glucosaminidase
activities associated with intestinal diseases (Heavey and
Rowland, 2004).

Another characteristic of probiotic microorganisms is
that they possess an antagonistic attribute. Organic acids,
carbon dioxide, diacetyl, acetaldehyde, biosurfactant
substances, H.IO2 and compounds with protein structure
(bacteriocin and bacteriocin-like substances) produced by
lactic acid bacteria have an antagonistic effect (Mishra and
Lambert, 1996; Rolfe, 2000). Lactic acid bacteria were
shown to make an inhibitor effect against pathogens like
Listeria monocytogenes (Moroni et al. 2006) and Helico-
bacter pylori (Avonts and De-Vuyst, 2001).

In the world, death arising from high cholesterol is in the
lead. High cholesterol causes embolism, heart attack and
deaths. There are a lot of researches stating that probiotic
bacteria can be used in order to lower cholesterol (Coeuret
et al. 2004; Belviso et al. 2009; Zeng et al. 2010).

The objective of this study is to determine the probiotic
characteristics of 30 isolated Lactobacillus bacteria of
human gastrointestinal origin concerning gastric solution
resistance, bile salt tolerance, antibiotic susceptibility, an-
tagonistic activity, bile salt hydrolysis activity, enzymatic ac-
tivity and cholesterol assimilation.

Materials and methods

Microorganisms

100 stool samples were collected from children, aged bet-
ween 5 and 15 years, and one bacteria from each of them
was isolated at the Microbiology Laboratory of Dr. Behget
Uz Pediatric Hospital. Of the stool, 1 g was homogenized
using sterile physiological water, and the homogenization
was used to prepare serial dilutions at a rate of 101077
(10-107 dilutions were planted to De Man Rogosa Shar-
pe (MRS) Agar (Becton, Dickinson and Company, USA)
and incubated at 37 °C for 18-24 h in an anaerobic jar).
Whitish-gray colonies that grew on the plaques were
collected, and gram positive and catalase negative bacilli
were chosen for tests. After pilot experiments, 30 Lacto-
bacilli strains were selected. API 50 CHL kit (Bio Mérieux
La Bali Grottes, France) was used for the identification of
possible Lactobacilli isolates. Lactobacilli isolates which
were identified were kept in bead tubes (Cryobank, Mast
Diagnostics, France) at —20 °C.

E. coli ATCC 25922, P. aeruginosa ATCC 27853, S. au-
reus ATCC 29213, E. faecalis ATCC 29212, vancomycin-
resistant S. aureus (MRSA) and vancomycin-resistant
Enterococcus spp (VRE) bacteria, used as indicator strains
in the study, along with C. albicans and C. parapsilosis
yeasts were acquired from the culture collection of the
Microbiology Laboratory of Dr. Behget Uz Pediatric
Hospital and stored in bead tubes (Cryobank, Mast Diag-
nostics, France) at 20 °C.

Gastric juice tolerance

The medium was simulated by the use of pepzan tablet (Dr.
F. Frik flag San. ve Tic. A.S.), which is employed in the
treatment of digestive disorders. For that purpose, 2000
units pepsin +2000 mg glutamic acid hydrochloride (pepzan
tablet) were dissolved in 1000 ml sterile water and filtered
through a 0.45 um pore filter (Millipore, Molsheim, Fran-
ce). This 25 ml solution was transferred to sterilized MRS
broth and 75 ml culture medium and 1 N HCI (Merck) were
used so as to adjust the pH t0 2.0, 2.5 and 3.0 and pepsin to
0.5 U/ml pepsin (Park et al. 2002). Lactobacillus cultures
are activated in anaerobic mediums at 37 °C during 18 h.
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Using the activated lactobacilli cultures, 1% (w/v) (=log
8.50 cfu/ml) inoculations were made to culture media with
low pH and pepsin and left to wait at 37 °C for 4 h. Then,
all cultures were planted into MRS agar plaques and in-
cubated at 37 °C for 24 h. The results were evaluated on the
basis of the growth in the plaques.

Bile salt tolerance

Bile salts (Sigma) were added to MRS broth culture media
(Becton, Dickinson and Company, USA ) at rates of
0.25 %, 0.50 %, 0.75 % and 1.0 % and sterilized. From the
cultures of active lactobacilli, 1 % (w/v) (=log 8.50 cfu/ml)
inoculations were made to MRS broth culture media and
were left to incubate at 37 °C for 24 h. Following that, each
sample was planted into MRS agar and again incubated at
37 °C for 24 h (Marshall, 1997). Bile salt tolerance was cal-
culated according to the number of colonies obtained in the
plaques after incubation.

Bile salt hydrolysis

Bile salt hydrolysis activity was done with disc agar method
(NCCLS, 1997). After adding 0.5 % cholic acid and
0.37 g/L CaCl, and sterilizing for 15 minutes, MRS agar me-
dium was poured to plates, lactobacilli cultures were
activated at 37 °C in anaeobic medium for 18 h. Planting
was done in plates with MRS agar and left to incubation at
37 °C in anaeobic medium for 72 h. The results were ana-
lyzed by means of a microscope. It was determined as (-)
negative, (+) low hydrolysis, (++) medium hydrolysis and
(+++) high hydrolysis according to the sedimentation and
bile salt disintegration around colonies (Dashkevicz and
Feighner, 1989; Du Toit et al. 1998).

Antibiotic sensitivity

The minimum inhibitory concentrations (MICs) of 14 anti-
biotics were determined using the PMIC/ID70 kit (Mary-
lan, USA) following the manufacturer’s reccommendations
in the Becton Dickinson (BD) PHOENIX 100™ system.

Enzymatic activity

For enzymatic activity, API-ZYM system (bioMérieux,
Montalieu-Vercieu, France) was used with the manufac-
turer’s recommendations. Each well was deposited with the
inocula 65 pL of the McFarland standard 1 suspension.
After 4 h of anaerobic incubation at 37 °C, enzymatic acti-
vity readings were recorded.

Antagonistic effect

Agar well diffusion method was used to determine the
antagonistic effect of lactobacilli (Tona et al. 1991a).
Lactobacilli cultures were incubated at 37 °C for 24 h in an
anaerobic environment in the MRS broth culture medium.
The cultures were centrifuged at 5.000 g for 15 min, after
which the supernatant was drawn into an injector and
passed through a filter (Millipore, Molsheim, France) with
0.45 pm pore diameter. Indicator microorganisms E. coli
ATCC 25922, P. aeruginosa ATCC 27853, S. aureus ATCC
29213, E. faecalis ATCC 29212, vancomycin-resistant S. au-
reus (VRSA) and vancomycin-resistant Enterococcus
(VRE) bacteria were activated in sheep blood agar culture
plate (Salubris, % 5 Sheep Blood Agar, Turkey). In order
to test antagonistic activity, cultures with 0.5 McF of E. coli
ATCC 25922, P. aeruginosa ATCC 27853, S. aureus ATCC
29213 and VRSA were planted into Muller Hinton agar
(Becton, Dickinson and Company, USA) and E. faecalis

ATCC 29212 into VRE sheep blood agar plate (Salubris,
% 5 Sheep Blood Agar, Turkey). Candida were activated
in SDA (Becton, Dickinson and Company, USA) culture
medium. For all culture plates, 100 pl non-neutralized and
neutralized (pH 6.5) supernatant was added to 10 mm
wells. The plaques were kept at room temperature for 2 h
and left to incubate at 37 °C for 24 h. Diameters of zones
that formed around wells were measured in mm (Harris et
al. 1989).

It was observed that whether L. curvatus 126 strain,
which displays inhibitive effect on neutralized supernatants
of S. aureus (MRSA) tolerant to vancomycin and S. aureus
ATCC 29213 produced bacteriocin or bacteriocin-like
element or not. L. curvatus 126 was put separately in
neutralized supernatant catalase 5 mg/ml (Sigma) and in
proteinaz-K 10 mg/ml (Sigma) while being kept at 37 °Gfor
4 h. Previously prepared S. aureus ATCC and MRSA
planted circles were opened and non neutralized super-
natant to A circle, neutralized supernatant to B circle,
supernatant with catalase to C circle, Proteinaz-K super-
natant added 100 pl to D circle were put in plates with
Muller Hinton Agar and left to incubation at 37 °C for 24 h.
The formed zones were measured as mm.

Bile salt antagonistic activity

The effects of 0.25 %, 0.50 %, 0.75 % and 1.00 % bile salts
(oxgall, cholic acid and taurocholic acid) against the indi-
cator bacteria (E. coli ATCC 25922, P. aeruginosa ATCC
27853, S. aureus ATCC 29213 and VRSA) were tested
using the diffusion method. The MRS broth of 0.25 % bile
salts (oxgall, cholic acid and taurochilic acid) was prepared.
Infusion was done at the rate of 1 % (w/v(=log 8.50 cfu/ml)
from the active cultures of L. curvatus L2, L. curvatus 1.26,
L. paracasei ssp. paracasei 127 and L. rhamnosus L28
strains which are resistant to bile salt and gastric acid, and
they were subject to incubation at 37 °C for 24 h in anae-
robic medium. As in the antagonistic effect, bile salt was
left to antagonistic activities through the agar diffusion
method (Tona et al. 1991a).

Cholesterol assimilation

Cholesterol assimilation was studied by a modified Searchy
and Bergquist method (1960). MRS broth and MRS broth
containing 0.25 % oxgall, cholic acid and taurochilic acid
were prepared. Human plasma serum cholesterol, in-
cluding high cholesterol at the rate of 15-20 % (500-600
mg/dl), was added to these broths. Infusion was done at the
rate of 1 % (w/v(=log 8.50 cfu/ml) from the active cultures
of L. curvatus 1.2, L. curvatus 1.26, L. paracasei ssp. para-
casei 1.27 and L. rhamnosus 128 strains which are resistant
to bile salt and stomach acid and they were subject to
incubation at 37 °C for 24 h in anaerobic medium. Tubes
were centrifuged with 5000 g for 10 min. It was detected by
taking 2 ml from the liquid part that rose to the top using
the enzymatic method, SYNCHRON® Systems (Beckman
Caulter, USA) kit and Unicel DxC800 model auroanalyzer
(Beckman Caulter, USA) gadget. The results were changed
from mg/dl to pg/ml (Belviso et al. 2009).

Statistical Analysis

Results of three experiments with duplicate or triplicate
determinations were expressed as the mean and standard
error mean. Statistical analysis was performed on the data by
SPSS 19.0 Bivariate Correlation Analysis (SPSS Inc., Chica-
g0, I, U.S.A.) with statistical significance determined at p
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<0.01/0.05. The Pearson rank order correlation test was used
for comparisons between EPS production and aggregation
(p < 0.01), and cholesterol removal (p < 0.05). Concentra-
tion-viable counts (log cfu/mL) relationships were designa-
ted from the correlation and regression coefficients for the
tolerance to pH and bile salts (Tulumoglu et al. 2013).

Results

Microorganisms

30 lactobacilli strains isolated from 100 stool samples were
used in this study. The lactobacilli bacteria isolated from
children stool were identified as L. curvatus, L. rhamnosus,
and L. paracasei ssp paracasei.

Gastric juice tolerance

Results pertaining to the tolerance of lactobacilli to incu-
bation in MRS culture medium with pH values of 2.0, 2.5
and 3.0 as well as 0.5 U/ml pepsin at 37 °C for 4 h are pre-
sented in Table 1. In the study, L. curvatus L25, L. curvatus
L.26 and L. curvatus 129 isolates were found tolerant of all
(gastric juice) media with low pH and pepsin.

Bile salt tolerance

Table 2 shows the survivability of Lactobacillus species in
MRS broth containing 0.25 %, 0.50 %, 0.75 % and 1.0 %
bile salt. Bacteria in general were viable in 0.25 % bile salt,
while fewer bacteria survived in 0.75 % bile salt. At 1.0 %
bile salts, only two isolates survived. L. curvatus L8 isolates
survived at a rate of log 5.56 cfu/ml in 0.25 % bile salt,

TABLE 1: Viability rates of lactobacilli strains in media containing 0.5 U/ml pepsin and
having different

e

Fayes

log 4.10 cfu/ml in 0.50 % bile salt, log
4.10 cfu/ml in 0.75 % bile salt and log
3.05 cfu/ml in 1.00 % bile salt. L.
paracasei ssp. paracasei 113 isolates
were found to survive at a rate of log
7.08 cfu/ml in 0.25 % bile salt, log
6.31 cfu/ml in 0.50 % bile salt, log
3.95 cfu/ml in 0.75 % bile salt and log
3.90 cfu/ml in 1.00 % bile salt.

Antibiotic susceptibility
One of the required properties for pro-

L aunatus 2 8141001 83710.17 s Ao 5
biotic strains is their safety for human
L aunatus 3 85740.10 846+0.04 8321031 845:0.15 consumption without harboring acqui-
L paracasei ssp. paracasei L4 8.45:0.02 5.50:0.00 6.4110.26 7.70:0.28 red and transferable antibiotic resi-
L anatsL5 866:001 5274003 535020 738031 stance. In this study, all lactobacilli
strains were sensitive to 12 of 14 used
L thamnoss L6 848000 822:002 816:0.2 847009 antibiotics. However, all strains were
L thamnosus L7 8.560.12 5654007 7341031 1724010 resistant to vancomycin where only
L anats 8 857:0.14 0 0 313016 L3, L4, Lll,.;l-lfy ﬁdalf _an(?r 11,219
were susceptible to ycin (Table
L rhamnosus 19 857+0.10 731001 1254035 8.72£1.15 3) according to the microbiological
L rhamnosus L10 863:0.04 6.17:0.04 630:0.28 7341007 breakpoints defined by the Scientific
L anatusL11 848:0.02 732003 726:0.04 827:038 ls’anbel on Additi;es and Pro:llluc;;s 0;
: : ubstances used in Anim ee
L paracasei ssp. paracaseiL12~ 852+0.02 406:0.08 545:030 6.43:0.18 (FEEDAP) (Leuschner et al. 2010).
L paracasel ssp. paracasei L13 852+0.03 8.10:0.14 8371045 8.23:0.16
L rhamnosus L14 862:0.03 8371004 8371007 830:0.25 Enzymatic activities
L rahmnosis L15 869:0.00 7178002 803002 840:0.14 All Lactobacillus strains showed
: = (Table 4) esterase (C4), esterase-
L paracasei ssp. paracasei L7~ 8.5640.12 326:004 4311016 6.52+0.25 phosphatase, B-galactosidase activi-
L paacasei p. paracasa L1 818:002 328005 415:0.14 562024 ties at high level. Additionally, weak
L anats L9 8632000 & £ 0% to moderate level activities of valin
s —= arylamidase, cysteine arylamidase,
L curtavus 120 8.70+0.07 425:007 54110.12 6.13:0.16 naphthol-AS-BI-phosphohydrolase,
L aunatus 21 842:004 3511026 4324015 548:0.12 a-galactosidase were recorded for
L thamnoss 22 8534007 319:001 48012 55019 seyensl steaimn: Mo ot the SEeoe
showed any level of a-chymotrypsin,
L rhamnosus 123 862003 423:002 6.06:0.08 843:0.09 B-glucuronidase, B-glucosidase, N-
L aunatus 124 867003 8141001 837:0.17 8.16:0.19 acetyl-B-glucosaminidase activities
L anetis2s 8574010 846:0.04 832031 845:0.15 which have been associated with
intestinal diseases (Heavey and Row-
L anatis 26 845:002 550:0.00 6412026 770:0.28 land. 2004). In contrast, high B-
L paracasei ssp. pareasef 27 8.66+0.01 5271003 5351020 738031 galactosidase activity of cells would
L thamnosus 128 848:002 8224002 816:022 847:009 help i‘; ‘accti‘,’l:: gig"'s‘i” and ‘;‘“‘ﬂ@&
rate the rders associated wi
L anetis129 85602 36500 134031 1724010 lactose intolerance. These results
L. rhamnosus 130 85710.14 - - 3.1310.16 indicated that the isolated Lactobacil-
‘) Avithmetic mean and Standard deviation

lus strains are safe for probiotic use.
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TABLE 2: Effect of different bile salt concentrations on growth of lactobacilli strains.

86240.03 - - - -
L anatis 2 867:0.03 8.25:0.07 485007 2054007 =
L aratis 3 857:0.10 - - - -
L paracasei ssp. paracasel L4 845+0.02 7.70:0.28 - -
L anatus 15 866+0.01 6.56+0.08 = =
L. rhamnasus L6 848+0.02 761026 = - =
L rhamnosus L7 856:0.12 7.0410.06 - - -
L aunatus 18 857+0.14 556:0.19 410:0.14 410:0.14 305414
L rhamnosus 19 857:0.10 467003 356£0.19 - =
L. rhamnasus L10 863:0.04 641:041 2354021 - =
L anatus L11 848:0.02 345:034 389:0.00
L paracasef 5. paracasei L12 852:0.02 7.38:040 2244021 - -
L paracasef ssp. paracasai L13 8524003 7.08:0.12 631:0.26 395+0.07 390+0.16
L rhamnosus L14 8624003 795:0.07 - - =
L rahmnasus L15 869:0.00 788002 - - =
L paracasef ssp. paracases L16 848:0.02 135401
L paracasei . paracasai 17 856:0.12 5.10:0.14 = - A
L paracasei ssp. paracasei L18 8.18:0.02 6.10:0.13 = - -
L aunvatus L19 863004 341012 - - =
L curtavus 120 870:0.07 6.40:042 385:007 2311026 -
L anatus 121 842:0.04 562:0.11 246:0.04 - =
L rhamnosus L22 859:0.07 5211027 2311026 = =
L rhamnosus 123 862:0.03 6.30:028 0
L aunatus 24 867:0.03 825:0.07 0 - =
L anatus 125 857:0.10 837038 485:007 - -
L aunatus 126 8450.02 1.70:028 230027 2.05:0.07 =
L paracasei ssp. paracasei 127 8660.01 6.56:0.08 6.60:0.14 = =
L rhamnosus 128 848+0.02 7611026 - -
L aunatus 129 85640.12 7.04:0.06 - -
L rhamnosus 130 857:0.14 5.56£0.19 - -
*) Avthmeti mean and Standard devizion
Antagonistic effect effect (18.25 mm), C: supernatant with catalase enzyme

Lactobacilli isolates were tested for their effect against
indicator bacteria and yeasts, and the results are presented
in Table 5. Non-neutralized supernatant and neutralized
supernatant of the lactobacilli isolates were established to
have an inhibitor effect on at least two of the bacteria from
among E. coli ATCC 25922. P. aeruginosa ATCC 27853.
S. aureus ATCC 29213. E. faecalis ATCC 29212 and VRE,
all of which were used as indicator bacteria. However, none
of the isolates was found to have an antagonistic activity
against C. albicans and C. parapsilosis.

In Table 6, the effect of the bacteriocin or bacteriocin-
like element of L. curvatus 1.26 strain on S. aureus ATCC
29213 is seen. It is in A: non-neutralized supernatant
effect (20.50 mm), B: neutralized (pH 6.5+0.1) supernatant

(17.10 mm) and D: supernatant effect including proteinaz-
K (0 mm). The zone is the biggest in A because of common
effect of lactic acid and bacteriocin (or bacteriocin-like).
In B, the zone is smaller than A because it was neutralized
supernatant and its acidity was removed. In spite of
catalase addition, zone formation continues in C. This
situation shows that inhibition effect does not arise from
peroxide. No inhibition zone was formed in D. The reason
is that it removed the inhibition effect by segmenting
bacteriocin or bacteriocin-like polypeptide element in the
protein medium because of proteinaz-K addition. As it is
well known, some species of lactobacilli and their strains
produce some bacteriocin or bacteriocin-like elements. In
other words, it shows that L. curvatus 126 produces
bacteriocin or bacteriocin-like elements.



156

Journal of Food Safety and Food Quality 65, Heft 6 (2014), Seiten 133-164

Bile salt hydrolysis activity glwlg 3 g o
Lactobacillus strains did not hydrolyze oxgall, cholic and b e -1 5 -1 el ] s e =1 A
taurocholic acid bile salts yet. iy glw|gl] o ) o
R e R R o Rl
Bile salt antagonistic activity vy I =
It was tested whether selected L. curvatus L2, L. curvatus i (e~ [ - ] (o |l o |~
L26, L. paracasei ssp. paracasei L27 and L. rhamnosus L.28 qlal|g § =
bile salts’ lactic acid bacteria increased antagonistic activity =Rl 2= S| =
against indicator bacteria or not. As seen in Table 7, by ) (e o «q &
selecting L. curvatus L2, L. curvatus 1.26, L. paracasei ssp. —|Rl2|<| S| =[S S|~ =
paracasei 127 and L. rhamnosus 128 strains, there is no wlela w =
occasion which increases the antagonistic effect on indi- IR § S| e
cator bacteria with 0.25 % bile salts (oxgall, cholic acid, - . " 20
taurocholic acid) in MRS broth medium. =l=|2 3 SRl esfetlfim o] =] S
Cholesterol assimilation =288 »|w|2|~|8|s| £
In Table 8, the strains which can be potential probiotic o - & =
(L. curvatus 1.2, L. curvatus .26, L. paracasei ssp. paracasei S-S S[S|-|=|s|s|3|~ =
L27 and L. rhamnosus 1.28) and the cholesterol amount i ¥ 2
assimilated in bile salts and MRS broth medium by bacteria S =888 -|~|-|2|E|-| =
are seen. Lactobacillus strains did MRS broth 12.10-21.10 i ” - "
pg/ml, MRS broth 0.25 % oxgall 15.30-25.42 pg/ml, MRS SR8 18(8|vw]|g|~[8]|~] E
broth 0.25 % cholic acid 13.25-20.70 pg/ml and MRS broth o [ = 5
0.25 % taurocholic acid 7.67-15.22 pg/ml cholesterol —(=|82|8|x|z|~]|2 g e
assimilation. In all feed-lots, the highest cholesterol assi- S PR b 3
milation was done by L. curvatus 126 strain with MRS w| < |88 8| x|%]- gl-| =
broth 21.10 pg/ml, MRS broth 0.25 % oxgall 25.42 pg/ml, wil L <[ "
MRS broth 0.25 % cholic acid 20.70 pg /ml and MRS broth =838~z ~lg| -~ =
0.25 % taurocholic acid 15,22 pg/ml cholesterol assimi- wil e "
lation. N“,R§€§7\,~____N =
Sl _|xlslalal«]<|_||-|-| =
Discussion 2 Kl ~
g w|=|8|2|8|-|<|~|s|8|~| 2
30 lactobacilli, isolated from children stool, were identified g ] i 165 < v
as L. curvatus, L. rhamnosus, and L. paracasei ssp para- 5 sl =[B|8|8]-|~|2|g a_| 2
casei. Mikelsaar et al. (2002) isolated L. acidophilus, L. del- S CH el T < W
brueckii, L. crispatus, L. salivarius, L. paracasei, L. planta- E ~lw|82]8] -] <|val~ § = =]
rum, L. curvatus, L. brevis and L. fermentum, L. buchneri = ¥ [ S e = < ™
and L. coprophilus from stool samples of Estonian and E O sl s § = e
Sweedish children. Arici et al. (2004) isolated 21 lactobacilli g v Sl 2 <ls v
from the stool of newborns. The study indicated that there 8 qlwlygl ] -l. 9 =
were L. rhamnosus, L. paracasei, L. fermentum, L. buch- S =22 ==25 ] ¥ 3 =1=2] =
neri, L. brevis, L. curvatus and that stool samples were rich T 9l nlg § =
in terms of lactobacilli. E] YRS R R~ =1 A I
The purpose here is to determine the extent to which ® |l =
probiotics are tolerant of low pH and enzymatic medium g RSS2 8] |~
through the use of gastric juice formed by simulating the = o B e =
human stomach medium. One of the probiotic characte- =Rl 2[5 R]~[SE] ]| =
ristics of bacteria is its strength to gastric juice. In gastric §_, o o v =
juice medium, a taken nutrient passes to guts in 34 h. Re- 2 RS S S|R[w|—|— § o
sults pertaining to the tolerance of lactobacilli to incubation -8 £ o 2 e
in MRS culture medium with pH values of 2.0, 2.5 and 3.0 s o Sw "c; é R~ =~ S|~ 5“
as well as 0.5 U/ml pepsin at 37 °C for 4 h are presented in § : =
Table 1. In the study, L. curvatus L25, L. curvatus L26 and 5 B8 |~ |~ | 8| 38|8|-| < |~|5|8|~| £
L. curvatus 1.29 isolates were found tolerant of all (gastric = & “ b o =
juice) media with low pH and pepsin. Dunne et al. (2004) .§ L Sl<1818|8 x| z|2|e|Z|-]
reported in their study that L. casei 161, L. acidophilus =S B o i 65 = =
1748, L. casei F19, L. fermentum KDL, L. paracasei 2123, 'S sl =828 x|~|a|~|8]-| 2
L. acidophilus 242, L. salvarius UCC 118 bacteria remai- 3 ¥ i " b
ned viable for 60 min at 2.5 pH, while Bifidobacterium sp. S £ Sl=|182|8| x|z -2 g | 2
35658 was unviable. In a study (Marshall, 1997). including S § S el i < s
17 Kanjika isolates, it was noted that 11 grew at 37°Cinan .,
anaerobic medium at low pH (2.0 and 2.5) for 4 h and that () =|8|8lsl- . S -
L. plantarum were tolerant of low pH at a rate of 75 to @ E g § E E g E g é E §
80 %. Denkove et al. (2007) found that L. helveticus H, & [ IS : g ¥
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TABLE 5: Antagonistic effect of lactobacilli strains against indicato

P— s

a—p——

TN N

r microorganisms..

SRR AT TS R XS

i B\2-s0ns

L anatus L1 18:0.00 20:0.00 14:0.09 18:006 = 20:002 = =
L anatus 2 16032 20:0.18 12:0.12 14:0.10 = 18030 = =
L anatus 3 14:0.3 18:0.09 14:054 16021 = 16009 = =
L paracasei ssp. paracasei L4 18:0.40 20:003 16:0.00 16032 - 16:021 = =
L anatus 15 162062 18:0.52 = 14:009 - = g =
L rhamnosus L6 164033 18003 14032 16:0.10 - 18:0.07 = =
L mhamnosus L7 16403 18:0.07 14:009 142005 = 20:0.10 = <
L anatus L8 164030 20:0.10 14:021 = = 18:0.00 = &
L rhamnosus L9 162064 20:031 124005 = e 14:0.17 = =
L rhamnosus L10 141090 20:029 16001 16:0.03 = 16:0.38 = =
L cunvatus L1 160.00 18:0.07 = = = 14:007 = =
L paracasel ssp. paracasei L12 141033 16:0.10 = 16000 = 182003 = =
L paracasei ssp. paracasei L13 z 16091 12:0.04 14:0.18 = 16:0.00 = =
L rhamnosus L14 = 20:0.12 = 16:0.9 = 14027 = &
L rahmnosus L15 - 16:0.87 = 14007 = 12:003 - =
L paracasei ssp. paracasei L16 = 16£0.07 = = = 126032 = -
L paracasel ssp. paracasei L17 18042 20:0.09 14:0.4) 14:003 = 20:0.22 = =
L paracasef ssp. paracasei L18 18:0.53 20:033 14:0.09 20£045 5 184004 - =
L anatus L19 141031 16:0.06 14:0.04 16£0.08 - 16098 i <
L curtavs 120 16£0.09 14:0.04 14:0.12 16:0.01 = 12:0.05 = -
L anatus 121 1620.62 14:0.62 16:0.08 18007 = 20:0.04 = =
L rhamnosus L22 = 20:045 14:0.09 18065 = 16£0.08 = iz
L ramnosus L23 160.77 18087 124037 12:080 - 20:0.17 = =
L aunatus 24 141039 18003 14+0.06 14:000 = 18:0.43 = =
L anetus 125 16:0.30 20:007 14:0.04 160,68 ~ 201032 - =
L cnatus 126 18035 16032 20:000 14001 20:0.12 14039 = =

**)18:0.12 *4)1820.02

L paracasel ssp. paracasei L27 12:090 20:0.00 14:008 14:0.07 G 18£0.59 = =
L rhamnosus 28 16:0.08 16024 124031 14:0.04 = 16£0.57 = =
L anatus 129 18045 14:0.06 14:0.00 20:0.08 - 124000 = =
L rhamnosus 130 16£0.52 14:0.11 s 16:0.14 = 20:0.02 = =

Y <12 mm no effect, 12-14 mm : low effect, 14-16 mm: medium effec, 16-20 m high effect, **): Neutraled (pH 6.5) MRS supematant inhibiton effect, ***): Diameter of crde 8 mm.

‘L. acidophilus A, L. casei C and L. plantarum 221-4
bacteria survived after waiting for 4 h at 37 °C in an
MRS culture medium at pH 2.0 and 0.7 U/ml pepsin.
When results of this study are compared with literature
data, it can be said that lactobacilli isolates are highly tole-

®
TABLE 6: Bacteriocin or bacteriocin like effect of L. curvatus
L26 strain on S. aureus ATCC 29213 bacteria (mm).

A: rorveutazedsperantfec

2050070
B:netrlzed (GH 6.520.1)speratant efect 18254030
- neutazed (pH5.540.1) supematant and atese 17101010
D: neutralized (pH:6.5:0.1) supematant and proteinase-K -

N mm no effect. 12-14 mm : low effect. 14-16 mm: medum effect. 16-20 mm: high effect. **}: Arithmetic mean and
Standard deviation Note: diamete of cirde 8 mm.

rant of the media with low pH and pepsin. Generally
lactobacilli strain in low pH (pH 2.0-3.0) MRS broth
medium containing pepsin continues growing. Mostly they
are tolerant.

One of the desired characteristics of probiotic bacteria
is being tolerant to bile salts. Table 2 shows the survivabi-
lity of Lactobacillus species in MRS broth containing
0.25 %, 0.50 %, 0.75 % and 1.0 % bile salt. Bacteria in
general were viable in 0.25 % bile salt, while fewer bacteria
survived in 0.75 % bile salt. At 1.0 % bile salts, only two
isolates survived. L. curvatus 18 isolates survived at a rate
of log 5.56 cfu/ml in 0.25 % bile salt, log 4.10 cfu/ml in
0.50 % bile salt, log 4.10 cfu/ml in 0.75 % bile salt and log
3.05 cfu/ml in 1.00 % bile salt. L. paracasei ssp. paracasei
L13 isolates were found to survive at a rate of log 7.08
cfu/ml in 0.25 % bile salt, log 6.31 cfu/mlin 0.50 % bile salt,
log 3.95 cfu/ml in 0.75 % bile salt and log 3.90 cfu/ml in
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TABLE 7: Antagonistic effects of potential probiotic bacteria on indicator microorganisms of 0.25 % bile salts (mm).

5 TR Vg O REE '- ﬁ*! indica ﬁ* e
. aureus. : f lis -

Apomes e s

MRS broth 16002 20:032 154022 - 20:032 18000
MRS broth + 0.25 % oxgal 121032 - - - - -
MRS broth + 0.25 % cholic acd - 12:002 - - - B
MRS broth + 0.25 % taurochilic acd 16+0.71 182021 - 14£0.00 - 16£0.08
L curvatus 126
MRS broth 182021 16£0.09 20:0.00 14£0.04 204009 14:0.12
MRS broth + 0.25 % oxgall - 14:0.00 - - - -
MRS broth + 0.25 % cholic acd - - - - 15001 -
MRS broth + 0.25 % taurochilic add 18:0.01 16009 12+0.03 14£0.02 18:0.04 14023
L paracasei ssp. paracasei L27
MRS broth 12:009 20+0.09 14:023 14£0.09 - 15000
MRS broth + 0.25 % oxgall - - - - - -
MRS brath + 0.25 % cholic acid - - 14:0.07 12:0.56 - 14£0.09
MRS broth + 0.25 % taurochilic add 12:004 18:005 14:000 141029 - 18:0.54
L rhamnasus L28
MRS broth 16:0.02 16:0.11 12:0.04 14:0.33 - 16001
MRS broth + 0.25 % oxgal - - - - - -
MRS broth +0.25 % cholic acid - - - - - -
MRS broth + 0.25 % taurochilic acd 16£0.01 16:0.00 - 14£0.00 1410.16 16£0.10

MRSAVancomyci- resstant S, aureus, VRE Vancomyar- resistant Enterococus, *f <12 mm no effect, 12-14 mm :low effec, 14-16 mom: medium effect, 16-20 mim: high effect, Note: dlameter of crde 8 mm.

TABLE 8: The cholesterol assimilation of potential probiotic strains in varied bile salts
(ug/mi).

tive to 12 of 14 used antibio-
tics. However, all strains were

resistant to vancomycin
where only L3, L4, L11, L18,
123, L25 and L29 were su-

GRS . 2 lug/ml) g/r sceptible to clindamycin
L anatis 2 1210:0.14¢ 15.30:0.28 16.35404 826:004 (Table 3) according to the mi-
L anatsL26 21.10:0.14 5000 20701042 15224031 g:gﬁl:;g'f;: g;’::gg‘cm;ag:l
L parcase p. paracasei 27 13454007 1541040 13254007 975007 on Additives and Products or
L rhamnosus 28 18454007 2110:0.16 1340:028 7674018 Substances used in Animal
Y TRy S Feed (FEEDAP) (Leuschner

1.00 % bile salt. Tsuda et al. (2007) demonstrated that
L. acidophilus 140B2. L. casei 2082. L. helveticus 130. L.
homohiochii L14-2. L. paracasei 931102 and L. plantarum
301102 bacteria survived (were tolerant) in 0.3 % oxgal
concentration. In their research. Dunne et al. (1999)
reported that L. salivarus tolerated 5.0 % bovine salt and
Bifidobacterium sp. tolerated 1.5 % bovine salt. In another
study, L. helveticus H, L. acidophilus A, L. casei C and
L. plantarum 221-4 bacteria were shown to be viable at a
high rate in 0.3 % and 1.0 % bile salts although there was
a decrease in comparison to the bacteria numbers at the
beginning (Denkove et al. 2007). Being highly tolerant to
bile salts increases the living chance of lactobacilli strain.
At the same time, it is one of the candidate characteristics
to be potential probiotic.

Finding out the natural resistance of Lactobacillus to
antibiotics shall be useful both in clinical terms and in terms
of recognizing their probiotic characteristics. That is be-
cause the use of clinical antibiotic/probiotic combinations
is regarded a critical measure in the prevention of diarrhea,
preservation of the urogenital system and protection
against pathogens.

One of the required properties for probiotic strains is
their safety for human consumption without harboring
acquired and transferable antibiotic resistance (Leuschner
et al. 2010). In this study, all lactobacilli strains were sensi-

et al. 2010)). These results
showed that lactobacilli strains have similar antibiotic
resistance patterns. The conclusion of Tulini et al. (2013),
Yiiksekdag et al. (2004) and Delgado et al. (2007) for Lac-
tobacillus strains that these strains have inherent resistance
to glycopeptides, such as vancomycin, are true for this
study. Furthermore, the sensitivity of lactobacilli strains to
erythromycin, penicillin G, and tetracycline were similar to
lactobacilli strains of infant feces, in studies conducted by
these researchers.

All isolates are susceptible to erythromycin, sulbac-
tam/cefoperazone, ampicillin and penicillin. Salminen et al.
(2006) established that L. gasseri and L. jensenii isolated
from 85 blood cultures were highly resistant to vancomycin.
Similarly, L. rhamnosus and L. paracasei bacteria of human
stool origin were shown to be resistant to vancomycin,
colylic sulfate, gentamicin and oxolinic acid (Verdenelli et
al. 2009). In Estonia, 10 lactobacilli isolated from the
intestinal flora of children aged between 1 and 2 years were
tested against ampicillin, cefuroxime, cefoxitin, gentamicin,
ciprofloxacin, tetracycline, vancomycin, metronidazole and
erythromycin, and only one was found to be resistant to
ampicillin, gentamicin and erythromycin, and 73 % resis-
tant to vancomycin (Mandar et al. 2001). It was established
in the same study that lactobacilli species were susceptible
to penicillin, ampicillin, sulbactam/cefoperazone and ri-
fampin antibiotics. The 100 % resistance of bacteria to
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antibiotics shows that this bacteria has natural resistance.
Unlike Enterococcus there is no resistance gene and
plasmid of Lactobacillus strains against vancomycin and
teicoplanin (glycopeptide). In this situation, it can be said
that glycopeptide resistance cannot be translated to other
bacteria (Tynkkynen et al. 1998; Klein et al. 2000). This
point shows that Lactobacillus can be used securely as
probiotic bacteria.

When considered in the context of use of clinical anti-
biotic/probiotic combinations to prevent diarrhea, to
protect the urogenital system and to provide protection
against pathogens, it can be argued that isolates obtained
in the study have the necessary potential.

All Lactobacillus strains showed (Table 4) esterase (C4),
esterase-lipase (C8), leucine arylamidase, acid phospha-
tase, B-galactosidase activities at high level. Additionally,
weak to moderate level activities of valin arylamidase,
cysteine arylamidase, naphthol-AS-BI-phosphohydrolase,
a-galactosidase were recorded for several strains. None of
the strains showed any level of a-chymotrypsin, B-glucu-
ronidase, B-glucosidase, N-acetyl-8-glucosaminidase acti-
vities which have been associated with intestinal diseases
(Heavey and Rowland. 2004). In contrast, high B-galacto-
sidase activity of cells would help in lactose digestion and
ameliorate the disorders associated with lactose intoleran-
ce. These results indicated that the isolated Lactobacillus
strains are safe for probiotic use.

All Lactobacillus strains showed esterase (C4), estarase-
lipase (C8), leucine arylamidase, valin arylamidase, cid
phosphatase and B-galactosidase enyzimatic activities.
Nevertheless, Alcaline phosphatase, Lipase (C14), Trypsin,
a-chymotrypsin, Naphthol-AS-BI-phosphohdrolase B-glu-
curonidase, a-glucosidase, B-glucosidase, N-acetyl-8-gluco-
samindase, a-mannosidase ve a-fucosidase did not show
any enyzimatic activities. Moreover, it was observed that
the activities of Cystine arylamidase and Cystine arylami-
dase were weak or absent and that the activity of a-galac-
tosidase was seen in some strains while not in some others.
In our study, a-glucosidase, B-glucosidase and N-acetyl-8-
glucosamindase related with intestinal diseases did not
show any enyzimatic activities. The microorganisms having
these enzymes cannot be used as probiotics (Delgado et al.
2007). On the other hand, the hydrolisation of undigested
prebiotics by means of B-galactosidase enzyme in B-glucu-
ronidase and lactose intolerant people is regarded a major
property while choosing probiotic organisms. In the study,
the isolated Lactobacillus strains have both of the enyzmes
mentioned. Our study shows similarity with the enyzimatic
activities of Lactobacillus strains isolated from human
gastrointestinal origin (Delgoda et al. 2007) and lactic acid
bacteria isolated from dog and primate stools (Strompfova
and Laukovi 2013).

One prominent probiotic feature of lactic acid bacteria
is their antagonistic effect. This effect is attributable to
organic acid, H,0,, diacetyl, CO, and bacteriocins. Thus,
lactobacilli isolates were tested for their effect against
indicator bacteria and yeasts, and the results are presented
in Table 5. Non-neutralized supernatant and neutralized
supernatant of the lactobacilli isolates were established to
have an inhibitor effect on at least two of the bacteria
among E. coli ATCC 25922. P. aeruginosa ATCC 27853.
S. aureus ATCC 29213. E. faecalis ATCC 29212 and VRE.
all of which were used as indicator bacteria. However,
none of the isolates was found to have an antagonistic

activity against C. albicans and C. parapsilosis. Verdenelli
et al. (2009) established in their study that L. rhamnosus
and L. paracasei which have probiotic characteristics
inhibited the development of E. coli ATCC 11775, S. au-
reus ATCC 25923, C. albicans ATCC 10291 and C. perfrin-
gens. It was found in another study that L. casei subsp.
rhamnosus LCR35 strain possessed an inhibitor effect on
pathogenic bacteria like E. coli (ETEC), E. coli (EPEC),
Klebsiella pneumonia, Shigella flexneri, Salmonella typhi-
murium. Enterobacter cloacae, P. aeruginosa, E. faecalis
and Clostridium difficile (Forestier et al. 2001). Still in an-
other study, lactobacilli isolated from the stool of newborns
were shown to exert varying degrees of antagonistic effect
against B. cereus FMC19, E. coli ATCC 25922, S. aureus
ATCC 2392, S. aureus ATCC 2813 and Y. enterocolitica
ATCC 1501 (Arici et al., 2004). These studies are parallel
to ours.

L. curvatus 1.26 strain displays inhibition effect against
neutralized supernatant S. aureus ATCC 29213 and VRSA
bacteria. In order to understand this effect, a study was
done with different enzymes.

In Table 6, the effect of bacteriocin or bacteriocin-like
element of L. curvatus 1.26 strain on S. aureus ATCC 29213
is seen. It is in A: non-neutralized supernatant effect
(20.50 mm), B: neutralized (pH 6.5+0.1) supernatant effect
(1825 mm), C: supernatant with catalase enzyme
(17.10 mm) and D: supernatant effect including proteina-
se-K (0 mm). The zone is the biggest in A due to the com-
mon effect of lactic acid and bacteriocin (or bacteriocin
like). In B, the zone is smaller than A because it was neu-
tralized supernatant and its acidity was removed. In spite
of catalase addition, zone formation continues in C. This
situation shows that inhibition effect does not arise from
peroxide. No inhibition zone formed in D. The reason is
that it removed the inhibition effect by segmenting
bacteriocin or bacteriocin-like polypeptide element in the
protein medium because of proteinaz-K addition. As it is
well known, some species of lactobacilli and their strains
produce some bacteriocin or bacteriocin-like elements. In
other words, L. curvatus 1.26 produces bacteriocin or bac-
teriocin-like elements. In different studies, the information
reveals that there are antagonistic (bacteriocin) effects
against L. curvatus bacteria (Mataragas et al. 2002; Chung
and Yousef, 2005). Messens et al. (2003) stated that L. cur-
vatus LTH 1174 strain produces bacteriocin (curvasin A)
elements against Listeria innocua LMG 13568. In another
study, Kawahara et al. (2010) noted that L. curvatus Y108
strain shows antibicrobial activity against L. curvatus
JCM1090, L. monocytogenes JCM7671, S. aureus ssp. au-
reus JCM20624 and S. marcescens JCM20612. They deter-
mined that this activity depends on bacteriocin. It was
pointed that L. curvatus 126 strains produce active
bacteriocin against S. aureus. Probiotic bacteria producing
bacteriocin increase antagonistic effect and helps protec-
ting food, animals and people against pathogens.

It was tested whether selected L. curvatus L2, L. curva-
tus 126, L. paracasei ssp. paracasei L27 and L. rhamnosus
128 bile salts’ lactic acid bacteria increase antagonistic
activity against indicator bacteria or not. As seen in Table
7, by selecting L. curvatus L2, L. curvatus 1.26, L. paracasei
ssp. paracasei L27 and L. rhamnosus L28 strains, there is
no occasion which increases the antagonistic effect on
indicator bacteria with 0.25 % bile salts (oxgall, cholic acid,
taurocholic acid) in MRS broth medium. In different
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studies, although it was stated that bile salts show different
antagonistic effects on bacteria (Lewis and Gorbach, 1972;
Stewart et al., 1986; Klayraung and Okonogi, 2009), our
research showed that 0.25 % bile salt (oxgall, cholic acid
and taurocholic acid) has little or no antagonistic effect
against indicator bacteria. This case indicates that there
should be more studies on antagonistic effects of bile salts.

In Table 8, the strains which can be potential probiotic
(L. curvatus 1.2, L. curvatus 1.26, L. paracasei ssp. paracasei
L27 and L. rhamnosus L28) and the cholesterol amount
assimilated in bile salts and MRS broth medium by bacteria
are seen. Lactobacillus strains did MRS broth 12.10-21.10
ug/ml, MRS broth 0.25 % oxgall 15.30-25.42 pg/ml, MRS
broth 0.25 % cholic acid 13.25-20.70 pg/ml and MRS broth
0.25 % taurocholic acid 7.67-15.22 pg/ml cholesterol assi-
milation. In all feed-lots, the highest cholesterol assimi-
lation was done by L. curvatus 1.26 strain with MRS broth
21.10 pg/ml, MRS broth 0.25 % oxgall 25.42 pg/ml, MRS
broth 0.25 % cholic acid 20.70 pg /ml and MRS broth
0.25 % taurocholic acid 15,22 pg/ml cholesterol assimila-
tion. Our study shows similarity with the studies of Loing
and Shah (2005). In this research, they noted that Lacto-
bacillus assimilates MRS broth 10.00-21.61 pg/ml and
0.30 % oxgall MRS broth 12.03-32.25 pg/ml cholesterol.
Gilliland et al. (1985) stated that L. acidophilus strains
carry out 18.8-63.0 pg/ml plasma serum assimilation in
MRS broth and % 0.5 oxgall medium. In a study, Lys et al.
(1994) pointed out that L. acidophilus strains did 20.5-83.3
pg/ml cholesterol assimilation, L. casei strains did 16.9-74.3
pg/ml cholesterol assimilation in MRS broth feed-lot
(Brashears et al. 1998). Loing and Shah (2005) stated that
Lactobacillus did MRS broth 10.00-21.61 pg/ml and 0.30 %
oxgall MRS broth 12.03-32.25 pg/ml cholesterol assimi-
lation. Lye et al. (2010) noted that Lactobacillus did MRS
broth 14.22-27.89 pg/ml and 0.30 % oxgall MRS broth
11.17-62.42 pg/ml cholesterol assimilation. It is observed
that cholesterol assimilation of Lactobacillus strains is
different in type and strain level. Using strain, which does
high cholesterol assimilation probiotically, reduces the
level of blood serum and helps to decrease cardiovascular
illnesses.

Conclusion

It was detected that generally lactobacilli strains are
resistant to high acidity (pH 2.0-3.0) and sensitive to high
bile salt (1.00 % Oxgall); are resistant to vancomycin,
teicoplanin and bacitracin; show antagonistic effects
against pathogen bacteria; do not hydrolysis bile salts. It
was stated that with bile salt addition, L. curvatus 1.2,
L. curvatus 126, L. paracasei ssp. paracasei L27 and
L. rhamnosus 1.28 strains did not show antagonistic activity
increasing effect. It was noted that only L. curvatus 1.26
strain produces bacteriocin against S. aureus (MRSA)
which is resistant to S. aureus ATCC 29213 and vanco-
mycin, and assimilates high cholesterol (15.22-25.42 pg/ml)
in different bile salt mediums. The fact that L. curvatus .26
has B-glucuronidase digesting the prebiotics and B-galacto-
sidase digesting lactose is a significant probiotic property.

At the same time, L. curvatus 126 strain can participate
in the control of S. aureus which is the leading in common
infections. In the light of these evaluations, we are of the
opinion that L. curvatus 126 can have potential probiotic
characteristics.
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