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The purpose of this study was to investigate the probiotic properties of lactic acid bacterial strains
isolated from animal feces. BCNU 9041 and BCNU 9042 isolates were assigned to Lactobacillus brevis
on the basis of their physiological properties and 16S ribosomal DNA sequences analysis. They were
confirmed as safe bioresources because of their non-hemolytic activities and non-production of harm-
ful B-glucosidase, B-glucuronidase, tryptophanase, or urease. These isolates were also highly resistant
to acid (at pH 2.5) and bile acids (at concentration of 0.3%, 0.6%, and 1% oxgall). In addition, they
exhibited good antibacterial activity against food-borne bacteria, especially Bacillus cereus, Listeria mono-
cytogenes, and Shigella sonnel. Furthermore, it was demonstrated that they have the highest levels of
hydrophobicity and that they showed bile salt hydrolytic and cholesterol assimilation activity. These
results suggest that BCNU 9041 and 9042 have good potential for application in functional foods and

health-related products.
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Fig. 1. A phylogenetic tree, showing the position of Lactobacillus strains among the Lactobacillus species.
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Table 1. Physiological properties of selected Lactobacillus strains

Characteristic” BCNU 9036 BCNU 9041 BCNU 9042 BCNU 9043
Gram’s reaction” + + + +
Optinum growth temperature (C) 37T 37T 37T 37T
Growth pH 259 29 29 259
Growth NaCl (%) 3-5% 3-5% 3-5% 3-5%
Utilization of Carbohydhrates2>
Arabinose - - - -
Cellobiose - - - -
Fructose + t + +
Galactose + + * +
Glucose + + + +
Lactose + + + +
Mannose + + + +
Monnitol + + + +
Raffinose + + + +
Rhamnose - - - -
Sucrose + + + +
Xylose + + +
D4: Gram positive, - : Gram negative

Ay, positive utilization, +: utilization doubtful, -: negative utilization.

Table 2. Haemolytic activity, production of harmful metabolites and enzyme of Lactobacillus strains

E coli " BCNU 9036 BCNU 9041 BCNU 9042 BCNU 9043

Haemolysis - - - - -
B-glucosidase +

B-glucuronidase + - - - -
Tryptophanase +

Urease - - - - -
Gelatinase - - - - _
Indole + - - - -
Phenylpyruvic acid - - - - -

YPositive control: £ coli ATCC 10798
2+ positive, -: negative

00h ©3h 10
10
81 = .
91 ™ T _
] 2 5
E s £
& €
111
¥ =
6 2
5 0 — T
BCNU9036 ~ BCNU904l ~ BCNU9042  BCNU 9043 BCNU9036 ~ BCNU9041  BCNU9042  BCNU9043
Fig. 2. Acid tolerance of Lactobacillus strains. Fig. 3. Bile salt tolerance of Lactobacillus strains.
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Fig. 4. Antimicrobial activities of Lactobacillus strains against food pathogens. (A) B. cereus, (B) L monocytogenes, (C) S. aureus, (D)
E. coli (E) S sonne, (F) S. typhymurium

Table 3. Antimicrobial activities of Lactobacillus strains against food pathogens

B cereus’ L. monacytogenes S. aureus E coli S. sonnel S, typhinmirium
BCNU 9036 145+0.77 10+0.7 10+0.7 - 11.5+0.7 -
BCNU 9041 16+0.0 18+0.5 9+0.0 - 16+1.4 -
BCNU 9042 16+0.0 10+0.0 12+0.5 - 16+0.0 -
BCNU 9043 10+0.3 12+0.0 10+1.4 - 940.5 -

Upaper disk 8 mm

JEach value in the table represents the mean value + standard deviation (SD) from three trials.
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Table 4. Antibiotics susceptibility of Lactobacillus strains

Disc conc.” BCNU 9036” BCNU 9041 BCNU 9042 BCNU 9043
Ampicillin 10 S S S S
Chloramphenicol 10 S S S S
Gentamicin 30 R S S R
Streptomycin 75 S R R S
Tetracycline 7.5 R S S R

Udisk concentration : ng/ml,
2)R; resistant, S; sensitive.

On-hexadecane  Bchloroform

100 o
80 -
60 -

40

Hydrophobicity (%)

20 1

0 T —
BCNU9036 BCNU9041 BCNU9042 BCNU9043

Fig. 5. Hydrophobicity of Lactobacillus strains.

Table 5. Bile salt hydrolase activity and cholesterol assimilation
of selected potential Lactobacillus
Cholesterol assimilation in the
presence of taurodeoxycholic acid

BSH

Strains ..
activity

% assimilation
BCNU 9041  +V 66.24+2.05”
BCNU 9042 + 69.85+2.84
U+ Positive BSH activity, -: negative BSH activity

Each value in the table represents the mean value + standard
deviation (SD) from three trials.

2FA o]l 24 H At} Chloroformdl] t 3] BCNU 9043,
9041 2 9042+ 85%-58% AbolZ ¥ AFAS YEUY
(Fig. 5).
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ZA
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A4 ABH oz Al tg Balel 91§ kor oo o
o714 AF Bt GoEoR uue) BuEa gt =

2rhol o8 AAe i BUE AAL ek, FHAAE o
% 550 geh Zerlo] 9E 2o B A7t B3 A9
91 QAT G 79 Bt vE FEoIRE Lz}
ol Fiel B} A3 a7 AT 55 AAL 0§
9 712 FFut g% 48 7152 7 A o
Ak BPRE 25 A ) hT A A
23 24 o]tH16]. BCNU 9041 ¥ BCNU 9042 #F+= 7743t

7hEe] Buo Ry REIEglon, Tx}xg%syx_-} =R 0]

FU\EL—‘—‘

o r

T 0F 2% Lactolacillus brevis®t 9% 5L 7FA Ao
2 AU}, Lactbacillus brevis BONU 9041 2 BCNU 9042
A g g ake] gk o] 943 AOE ZAMH O

AFZBU A AEFSHE 7I0E § U FH2HE
S Bafste dFe FEAt o AR 3 gEtY 22
%} (deconjugation) 5& o] 73 Aol ot RuH gtk
[1213]. F #F EF 1% oxgalle] X3€ A M T X35
Al g A G Ao E v, ZH2HE B3]l o
g A ks §£ ZHA AL Qlvkal AeE T
BCNU 90413} BCNU 90429 A¥ ¥W A2F5AS
=4, MX X

A} 90% o]F9 L% 25438 Y9 EH A
FA30] 8% o)ido] Hojof A A E FaA o =58 Fu}
= Perez 59 979} HIn S w), BCNU 90413} BCNU 9042

o2 *}EEIEHZS] y 4]

¥l
£ 9 AL 230 8 5
2

12 ox -13
A
Of
S
o=

e rlo
o et

9] cholesterol Z& | Bfsl= FH<Egho
= Ao 2 44 o cholesterol assimilationS 4| £
peptidogycan®] %34, 31514 SA4Jdl| 93 Aoz Fa2H
g At 712 F9 SR 9 A gloh34]. BCNU 9041 2
9042 BSH EA4< 714 Ao 2 YelFS ™ cholesterol as-

similation®| 66-69%C. % ZAIE v} F #F BT 953 29

ofy
to
o
lo ok ofy &

bl
J



10.

11.

2 APE wgAsEy
=

TE ) o3 A
¥ Lactobacillus sp.
943t probiotic AAFO.Z
T T T s 7HR1 Algthtol

FaATATe A8 Q
S8 A7AT 0|22 ofd] ZAEHUT.

References

. Alander, M., Satokari, R, Korpela, R, Saxelin, M,

Vilpponen-Salmela, T. and von Wright. A. 1999. Persistence
of colonization of human colonic mucosa by a probiotic
strain, Lactobacillus rhamnosus GG, after oral consumption.
Appl. Environ. Microbiol. 65, 351-354.

. Anderson, ]. W. and Gilliland, S. E. 1999. Effect of fermented

milk (yogurt) containing Lactobacillus acidophilus L1 on se-
rum cholesterol in hypercholesterolemic humans. / Am
Coll. Nutr. 18, 43-50.

. Axelsson, L. T., Chung, T. C, Dobrogosz, W. G. and

Lindgren, S. E. 1989. Production of a broad spectrum anti-
microbial substance by ZLactobacillus reuteri. Microb Ecol.
Health Dis. 2, 131-136.

. Lee, D. Y, Seo, Y. S., Rayamajhi, N., Kang, M. L, Lee, S.

I. and Yoo, H. S. 2009. Isolation, characterization, and evalu-
ation of wild isolates of Lactobacillus reuteri from pig feces.
J. Microbiol. 47, 663-672.

. Coconnier, M. H., Levien, V., Hemery, E. and Servin, A.

L. 1998. Antagonistic activity against Helicobacter infection
in vitro and in vivo by the human Lactobacillus acidophilus
strain LB. Appl. Environ. Microbidl. 64, 4573-4580.

. Doyle, R. J. and Rosenberg, M. 1995. Measurement of micro-

bial adhesion to hydrophobic substrates. Methods Enzymol.
253, 542-550.

. Dunne, C, Murphy, L., Morrissey, D. Thornton, G,

O'Halloran, S., Feeney, M., Flynn, S., Fitzgerald, G., Daly,
C., Kiely, B.,, O’Sullivan, G. C,, Shanahan, F. and Collins,
J. K. 2001. In vitro selection criteria for probiotic bacteria
of human origin: correlation with 7inn vivo findings. Am J.
(lin. Nutr. 73, 3865-392S.

. Donohue, D. C. and Salminen, S. 1996. Safety of probiotic

bacteria. Asia Pac. J. Clin. Nutr. 5, 25-28.

. Fukushima, Y., Kawata, Y., Hara, H., Terada, A. and

Mitsuoka. T. 1998. Effect of a probiotic formula on intestinal
immunoglobulin a production in healthy children. n¢ /.
Food Microbiol. 30, 39-44.

Fuller, R. and Gibson, G. R. 1997. Modification of the in-
testinal microflora using probiotics and prebiotics. Scand /.
Gastroenterdl. Suppl. 32, 28-31.

Granato, D., Perotti, F., Masserey, 1., Rouvet, M., Golliard,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Journal of Life Science 2012, Vol. 22. No. 2 257

M., Servin, A. and Brassart, D. 1999. Cell surface-associated
lipoteichoic acid acts as an adhesion factor for attachment
of Lactobacillus johnsonii Lal to human enterocyte-like
Caco-2 cells. Appl. Environ. Microbiol. 65, 1071-1077.
Gilliland, S. E., Nelson, C. R. and Maxwell, C. 1985.
Assimilation of cholesterol by Lactobacillus acidopfulus. Appl.
Environ. Microbiol. 49, 377-381.

Gilliland, S. E. and Walker, D. K. 1990. Factors to consider
when selecting a culture to produce of Lactobacillus acid-
ophilus as a dierary adjunct to produce a hypocholester-
olemic effect in humans. /. Dairy Sci. 73, 905-911.
Henriksson, A., Khaled, A. K. D. and Conway, P. L. 1999.
Lactobacillus colonization of the gastrointestinal tract of mice
after removal of the non-secreting stomach region. Microb
Ecol. Health Dis. 11, 96-99.

Holzapfel, W. H., Geisen, R. and Schillinger, U. 1993.
Biological preservation of foods with reference to protective
cultures, bacteriocins and food-grade enzymes. /nt. J. Food
Microbiol. 24, 343-362.

Ishibashi, N. and Yamazaki, S. 2001. Probiotics and safety.
Am J. (lin. Nutr. 73, 4655-470S.

Isolauri, E., Salminen, S. and Ouwehand, A. C. 2004.
Microbial-gut interactions in health and disease. Probiotics.
Best Prac. Res. (1. Em 18, 299-313.

Isolauri, E., Stitas, Y., Kankaanpa, P., Arvilommi, H. and
Salminen, S. 2001. Probiotics: effects on immunity. Am /.
(in. Nutr. 73, 4445-450S.

Maragkoudakisa, P. A., Zoumpopouloua, G., Miarisa, C.,
Kalantzopoulosa, G., Potb, B. and Tsakalidou, E. 2006.
Probiotic potential of Lactobacillus strains isolated from dairy
products. Int. Dairy J. 16, 189-199.

Cole, C. B, Fuller, R. and Carter, S. M. 1989. Effect of pro-
biotic supplements of Lactobacillus acidophilus and
Bifidobacteriurn adblescentis 2204 on B-glucosidase and B
-glucuronidase activity in the lower gut of rats associated
with a human faecal flora. Microb Ecol. Health D. 2, 223-225.
Knadler, O. and Weiss, N. 1986. Regular, nonsporing
gram-positive rods. pp. 1208-1234. /n Sneath, P. H. A., Mair,
N. S, Sharpe, M. E. and Holt, ]J. G. (eds.), Bergey’s Manual
of Systematic Bacteriology, Vol. 2, Williams & Wilkins,
Baltimore.

Mathara, J. M., Schillinger, U., Guigas, C., Franz, C. M. A.
P., Kutima, P. M., Mbugua, S., Shin, H. K. and Holzapfel,
W. H. 2008. Functional characteristics of Lactobacillus spp.
Form traditional Maaasai fermented milk products in
Kenya, Int. J. Food Microbiol. 126, 57-64.

Mishra, V. and Prasad, D. N. 2005. Application of in vitro
methods for selection of Lactobacillus casel strains as poten-
tial probiotics. Int. J. Food Microbiol. 103, 109-115.

Perez, C., Pauli, M. and Bazerque, P. 1990. An antibiotics
assay by agar well diffusion method. ActaBiol Med Exp 15,
113-115.

Perez, P. F., Minnard, Y., Disalvo, E. A. and Antoni, G. L.
1998. Surface properties of bifidobacteria strains of human
origin. Appl Environ. Microbiol. 64, 21-26.

Ramasamy, K., Abdullah, N., Wong M. C,, Karuthan, C. and



258

27.

28.

29.

30.

31.

A 38+3] %] 2012, Vol. 22. No. 2

Ho, Y. W. 2010. Bile salt deconjugation and cholesterol re-
moval from media by Lactobacillus strains used as probiotics
in chickens. /. Sci Food Agric. 15, 65-69.

Ross, S. and Jonsson, H. 2002. A high-molecular mass cell
surface protein from Lactobacillus reuteri 1063 adheres to mu-
cus components. Microbiology 148, 433-442.

Saitou, N. and Nei, M. 1987. The neighbor-joining method:
a new method for reconstructing phylogenetic trees. Mol
Biol. Evol. 4, 406-425.

Schar-Zammaretti, P. and Ubbink, J. 2003. The cell wall of
lactic acid bacteria: surface constituents and macromolecular
conformations. Bigphys. J. 85, 4076-4092.

Seo J. G, Lee, G. S, Kim, J. E. and Chung, M. ]J. 2010.
Development of probiotic products and challengers. KSBB
J. 25, 303-310.

Sorokulova, I. B., Pinchuk, I. V., Denayrolles, M., Osipova,
I. G, Huang, J. M., Cutting, S. M. and Urdaci, M. C. 2008.
The safety of two Bacillus probiotic strains for Human Use.
Digest. Dis. 5ci. 53, 954-963.

32.

33.

34.

35.

36.

Tannock, G. W. 1995. Normal microflora: an introduction
to microbes inhabiting the human body. Chapman and Hall
London, United Kingdom.

Thirabunyanon, M., Boonprasom, P. and Niamsup, P. 2009.
Probiotic potential of lactic acid bacteria isolated from fer-
mented dairy milks on antiproliferation of colon cancer
cells. Biotechnol. Lett 31, 571-576.

Toit, M., Franz, C. M., Dicks, L. M., Schillinger, U., Haberer,
P., Warlies, B., Ahrens, F. and Holzapfel, W. H. 1998.
Characterisation and selection of probiotic lactobacilli for a
preliminary minipig feeding trial and their effect on serum
cholesterol levels, faeces pH and faeces moisture content.
Int. J. Food Microbid. 40, 93-104.

Vrese, M., Stegelmann, A., Ritcher, B., Fenselau, S., Laue,
C. and Schrezenmeir, ]J. 2001. Probiotics: compensation for
lactase insufficiency. Am /. Clin. Nutr. 73, 5421-5429.
Walter, J. 2008. Ecological role of lactobacilli in the gastro-
intestinal tract: implications for fundamental and biomedical
research. Appl Environ. Microbiol. 74, 4985-4996.

[
Jhu

. Lactobacilus 22|77-9|

Al Z|3E - ZI=eP . ofaRt . &

EEELEREL SRS DEL PR FEE R D EL TR PEL S RE S DT

ZZHIO|REIAZM Jtsd HE

017|5 XOQWZ*

, Eotti 3t

A v 3 st

v AdTe T EHOENH B mAt Y] ZRute| oY SAS AT S0 s AP st
4 5443 165 2] 24 DNA £4 A3 BCNU 9041, 9042= Lactobacillus brevist 99% 2] 745 /3-& YeER A
olg TFE WALE 7|2AR] ¢ dFs AT An, ol dF= F2Aol HEHUA @ger B
-glucosidase, 3- glucuronidase, tryptophanase % urease$} 22 fralgt A9 ES A4 stA] Fe A A=A
g1olo] sholE|gith BONU 9041 B 90422 pH 259 M4 271 2 950 4(03, o 1%2] oxgallo] £ MRS
broth) & AEES Uil B0 ofdt 455 A Al st FadAS 7HAL JoH, 59
Bacillus cereus, Listeria monocytogenes R Shigella sonnei o g+ 3874 o] Hoﬁ"”‘% T3 BCNU 9041, BCNU

9042 92-95% 9] =& A543 BSH (bile salt hydrolytic) €4 2 cholesterol

APS o)
T8E

o5 ANE WPz xeuiologzA e S5
A%Bd AFoze Fgo Ayach

g 7]

F590) 9590 FAAh

=
7}2 BCNU 9041$F BCNU 90429] 754 2% 2



