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Identification and in vitro probiotic potential of Lactobacillus strains
isolated from small intestinal mucosa of Rex rabbit
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Abstract: [Objective] This study aimed at isolating and screening Lactobacillus strains with high ad-
hesion rate from intestinal tracts of Rex rabbit. [Method) Lactobacillus strains that could inhibit Esche-
richia coli were isolated and screened from small intestinal mucosa of 5 and 10 day-old Rex rabbits using
Lactobacillus selective medium. They were identified by 16S rRNA sequence analysis, and the probiotic
properties including tolerances to artificial gastric juice and bile salts,adhesion rates to small intestinal mu-
cin,and hydrophobicity were evaluated. [Results] Three Lactobacillus strains that could inhibit E. coli K88
were isolated and screened,and were identified as Lactobacillus brevis (1.1) ,Lactobacillus plantarum (1.2)
and Lactobacillus casei (1.3). Their antimicrobial properties were in the order of L3>12>11. The three
strains showed great resistance to simulated gastric juice with pH of 4. 0. In the simulated gastric juice with
pH of 3.0, the viable counts of 1.2 and 1.3 appeared insignificant changes (P>>0. 05), while that of L1
dropped significantly (P<C0. 05). The viable counts of all strains decreased extremely significantly (P<C
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0.01) when pH decreased to 2. 0 and 1. 8. L1 and L2 showed great resistance to 2. 0 g/L bile salt. Although
the viable counts of 1.1 and 1.2 showed extremely significant (P<C0.01) and significant (P<C0. 05) reduc-

tion in 3. 0 g/L bile salt,both of them remained high viable bacterium counts. Bile salts showed inhibitory

effect against L.2. The viable counts of L3 reduced extremely significantly (P<C0.01) with the increase of

bile salts content. There were no significant differences between adhesion rates of L2 and L3 (P>0.05),
and adhesion rates of 1.2 and 1.3 were significantly higher than that of L1 (P<C0. 05). .3 showed the high-
est hydrophobicity, followed by 1.2 without significant difference (P>>0. 05). LL1 had significantly lower

hydrophobicity than the other two strains (P<C0. 05). [Conclusion) All the three obtained strains had pro-

biotic properties and 1.2 was the best.
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Fig. 1 Antimicrobial property of the three isolated

strains against E. coli K88
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Fig. 2 Electrophoregram of PCR amplification products of

16S rRNA gene of the three isolated strains’
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Fig. 3 Phylogenetic tree of the three isolated strains based on 16S rRNA sequence
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Table 1 Effect of simulated gastric juice with different pH values on the viable counts of the three isolated strains

T B % % (CFU/mL) % J W B0l

AT H# pH Common logarithm value of viable bacterium density (CFU/mL)
pH of smulated gastric juice % 2 3
6.2 8.12+0.08 aA 8.11+0.04 aA 8.15+0.08 aA
5.0 8.05+0.06 aAB 8.08+0.05 aA 8.09+0.06 aA
4.0 8.11+0.06 aA 8.06+0.10 aA 8.21£0.03 aA
3.0 7.93+0.03 bB 8.05+0.05 aA 8.09+0.02 aA
2.0 7.59%+0.05 cC 6.21+0.03 bB 7.934+0.03 bB
1.8 7.10+0.10 dD 5.06%0.02 cC 7.294+0.04 cC

R BNV EE 5 R AN /NG 7 B R 22 57 .38 (P<<0. 05) AR AN RE - BE 678 22 AR B 35 (P<<0. 01D, £ 2 [,

Note: Different lowercase letters mean significant difference (P<C0. 05) ,and different capital letters mean extremely significant difference

(P<C0.01). The same for Table 2.
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Table 2 Effect of bile salt concentration on viable counts of the three isolated strains

fHER Fr /(g L1

I W% (CFU/mL) % Fi o 5

Common logarithm value of viable bacterium density (CFU/mL)

Bile salt concentrations

L1 L2 L3
0. 0(CK) 8.8940. 15 aA 8.9240.06 aA 8.8410.04 aA
2.0 8.5440. 26 aA 8.8610. 34 abA 6.60=£0.09 bB
3.0 7.49+0.21 bB 8.5610.09 bA 6.3240.07 cC
5.0 6.8040.07 cC 6.3140.05 cB 5.8340.05 dD
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[F] —$8 b5 AN [R] B RR AR LE A B AR AR TR/NS
FRERIR 257 W (P<<0.05)
Comparison among different strains for the same index,
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significant difference (P<20. 05)
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Fig.4 Adhesion rate to small intestinal mucin and
hydrophobicity of E. coli K88 and the three
isolated strains from Rex rabbit
L2 5 L3 X b n 7 8 1 A B R e o 3% 22
5 (P>0.05), Z“#F M@ T KB HE (P>0.05), 12

FE T L1I(P<C0.05) ., L1 W% aE RS IE T K%
FFEE - H 22 5% R B 3% (P>0.05),

L3 R K Re. . L2 Rz, — &2 LR
FEER(P>0.05, L1 BERMmHKERMKT L2
(P>0.05), BFEMET L3(P<<0.05) HRE & T KW
FFE (P>>0.05),

RUE L2, L3 (1 7B 5 s oK M & L1 KWk
BRI 114 285 B 5 0 K P 2 B TR — B AE fk  {H A
BOHE AR A SR SO TR R 0 B B S K M
] SR b B — A AH e

39w
B 25 4 T £ 40 2 B R TE g T B R 1 4

FH MR 8 22 1) BIF 2 UE S L W LA S T R Hh A — A
I FLAF S B 38 T AR KR LR X TR

FLIR WX G AT S i B R T e A B MAE . A
AIF 5% DA R 2L 01 6 1 s e 0 1 O 0 2o L R A s
H R AT G PE R 3 AR FLAT I L1.L2. L3, i@ it 16S
rRNA J K 5 51 43 A1 43 591 4 5y B FLAT 16 A ) 3
o T EEFLAT I

VE S 25 A FUAT IR B 28t 52 B N AR o PR 85, A7
REORUEHHE AW 8 R s A E . @ N T H Wbt
PG AT, B A B AR N B R R B OB E R A 22
B pH=3. 0 M AN TH W h ARV e+ K



543 %

Al S R B T LT B B0 20 B M E B L AACAD 2 A R BT 5T 29

% TR B0 06 B 3 R LT T 2 RE A8 A S i 4
175 B BRIE . 0 REER B4 T A2 P o o O 2 4 A 1A )
Bz —. IEW /MBS EAE 0.3~3.0
g/L. WEFERW] L REAEHEHT 3. 0 g/ L IHEL & i MY 25 2E
WA BB RO AEAE Y . ARBFSE T R 3 bk
BRI R ()65 JEL £ A1) SRRk A7 A B 3 22 S (L LT A L2
TERRER & RN 3.0 g/ L WA RE R A7 1 . R WY
AT 52 8l AR PN BB R A5 TR B i 8 O TR R

LR T B4 86 R P X T R A i R B L I 5 L
PRI 32 FA L5 4 P HE T 0 Dt v 7 i 3 19 72 B 4
i HLAR B $ 92 0 45 0 T B A T AR Y R A
WA 5 11 Ay T 0 0 O A o ) R B AR bR . R T
L A2 AR PN 286 R 6 L A TR e R P A A AU R
oK F2 W A b 14 R B B 2 Ol 2 AR
A T b 5% L B 200 i T ) 286 ROME £ 1 R M B A
Yl — ML Z A4 . © A FFEUE BT L B O 5 F AT AR
o VR R K BT 5 SR B O A P RE . AR BT
R AR SN i 2 6 4 LB RL AT PO R bmic ik K
T3 BRFLAF B SR FF B A9 B R RE 7, 2 2R B
3 BRFLFT B 0% 2 B 4 R A7 A — 2 1 22 53 b A )
FUAF B 5 T B FLAT A0 B MR B AR, mE ST
e T8 LA T X [ A /N o B R B0 B RE A
X iR TR A 3 5 AS I v A A LR AT
FLAF B 2 B BE 0 5 T ORI AT T A 2 R AR — 2L
R FLAT B A BB BE AR T R AT . A 45 4
1. FUAT B A9 Bh W BE ) 77 7E T BR AF 52 E . Ren
SFT T ORI LR IS 1 AR 00 B 2
R B [ T A 2 B 22 AR O e A M FLAT
FRI ) 2 B P e vy X S AR R ST 45 R L. Jakava-
Viljanen i 58 % B ZLAT 18 14 2 B o A2 oy 22 b
oy 25 R TR E A IR B RE R M 58 B KRB 2
AFLAS ) o Jo L 22 [) o F) A [ 8 o 2 5 286 A 1) ok o A
TE— 7 B 22 5% » 1X ] BEJe: 1 0 FL AT o 2 B PR e LA
RPN EN: R S S E R eV -y S B

i A B 7 3 TR B B DT SRR TORE SR PR A S
(BEIN 2R 5 328D B AL 45 AR S PR 4G & QB K A B AT
RDU S RS K B A0 T 1Y 2 T g K SR R
PR TE AR DG L I 5 g K T TR] 3 R R0 2 M 1
FANE S AR A I R . 3% T B K A
AFEEIEA R R R o A BIF 52 B 1 S ik A2 Ak
FaFARTR S 4 B T R B 2 B R 5 i A 2 e B A 8
T BA R S (EUREL ) LT T R 1 LT 0 3 R
5B KA LA KR FLAF B R R T B0 286 B L i K
35 Qi 1) B AH 5 o B AN []) T AR 18] 266 B : -55 6% 7K 7E )

PCACE RAF R 22 5 o X R - R TH B K 1 L BEAE
HA W i A T IR ) — A S R AR AR RE RN
(IRERE

230 T O 6 0 3 T B K PR R O 5 R L AL )
FLAT TR L s L AT T A 280 R 0 A 2% i K 1 fE 2
FEOT 8 v o S B AT B 0 £ AR BCR . TR S X
AT 5% £t A8 1 07 08 I 45820 PP Ak 288 B4 A )t L A
BIF 5 SR A S g 285 00 206 A 1A A6 2R 7 30 o 286 PR LA B8
o S it — A HIF 52 FLAT 1R 7 3 4 W T R M R A
& E FE W HLH R OT A v A A AR T SRt T — R AR 4
A% B .

LI (o

R 2P S g 288 S 3 530 30 R A5 LA 410 B8 T 1
B AT B A FLAT B T B FLAT R A% 1 Rk Y
FLA R A TR T ORI AR R R . R FLAE P
T I LA TR 4 266 BT P 3 TRT i 7K Pk B S R A TR
F18 400 BRT 35 P 4 A 0 T T R LA R SR A A
it AR R S AR FUAT B AL

[ 53 30k ]

[1] Kritas S,Petridou E,Fortomaris P,et al. The effect of probiot-
ics on microbiology, health and performance of fattening rabbits
[J]. Journal of Animal Science,2008,21(9):1312-1317.

[2] Umesaki Y,Setoyae H. Structure of the intestinal flora respon-
sible for development of the gut immune system in a rodent
model [J]. Microbes and Infection,2000,2(11) ;1343-1351.

[3] Ege M J,Mayer M, Normand A C,et al. Exposure to environ-
mental microorganisms and childhood asthma []J]. New Eng-
land Journal of Medicine,2011,364(8):701-709.

(4] W, 3 0, 00 07, LR FF 1 g 25 7F I BIL ) 9 BF 90 2 R
[J]. 3hW 8 372441 . 2012, 24(3) : 389-396.

Zhang W M, Wang H F, Liu J X. Mechanism of action of probi-
otic function of Lactobacill [J]. Chinese Journal of Animal Nu-
trition,2012,24(3) :389-396.

[5] Kovaces M,Sendro Z,Milisits G,et al. Effect of nursing meth-
ods and faeces consumption on the development of the Bacte-
roides,Lactobacillus and Coli form flora in the caecum of the
newborn rabbits [ J]. Reproduction Nutrition Development,
2006,46(2) :205-210.

[6] Ren D,Li C,Qin Y.et al. In witro evaluation of the probiotic
and functional potential of Lactobacillus strains isolated from
fermented food and human intestine []J]. Anaerobe,2014,30;1-
10.

[7] Kelly D,King T, Aminov R. Importance of microbial coloniza-
tion of the gut in early life to the development of immunity
[J]. Mutation Research/Fundamental and Molecular Mecha-
nisms of Mutagenesis,2007,622(1/2) :58-69.



30

P A e MR K AR

5 45 &

(8]

9]

(10]

[11]

[12]

[13]

[14]

[15]

Kos B, Suskovic J, Vukovic S, et al. Adhesion and aggregation
ability of probiotic strain Lactobacillus acidophilus M92 []].
Journal of Applied Microbiology,2003,94(6):981-987.
W 5K T8 B WL —BRFLIR T GF103 M4 B %5 I
TRoh g A2 ORI L1 3 8 57 2 4l 2012, 24 (9) £ 1832-
1838.
Dong X L,Zhang N F, Zhou M, et al. Isolation and identifica-
tion of Lactobacillus sp. GF103 and assess it as potential probi-
otics in vitro [J]. Chinese Journal of Animal Nutrition, 2012,
24(9):1832-1838.
Garcia-Ruiz A,de Llano D G, Esteban-Fernandez A, et al. As-
sessment of probiotic properties in lactic acid bacteria isolated
from wine [ J]. Food Microbiology,2014,44;220-225.
Carasi P, Ambrosis N M,De Antoni G L,et al. Adhesion prop-
erties of potentially probiotic Lactobacillus ke firi to gastroin-
testinal mucus [ J]. Journal Dairy Research,2014,81(1):16-
23.
Valeriano V D, Parungao-Balolong M M, Kang D K. In vitro
evaluation of the mucin-adhesion ability and probiotic poten-
tial of Lactobacillus mucosae 1M1 [J]. Journal of Applied Mi-
crobiology.2014.,117(2) :485-497.
Dogi C A.Perdigon G. Importance of the host specificity in the
selection of probiotic bacteria [ J]. Journal Dairy Research,
2006,73(3) :357-366.
Hyronimus B, Le Marrec C,Sassi A H,et al. Acid and bile tol-
erance of spore-forming lactic acid bacteria [ J]. International
Journal of Food Microbiology,2000,61(2):193-197.
Kotzamanidis C,Kourelis A, Litopoulou-Tzanetaki E, et al. E-
valuation of adhesion capacity, cell surface traits and immuno-
modulatory activity of presumptive probiotic Lactobacillus

strains [J]. International Journal of Food Microbiology,2010,

[16]

[17]

[18]

[19]

[20]

[21]

140(2) :154-163.

Tuomola E M,Ouwehand A C, Salminen S J. Human ileosto-
my glycoproteins as a model for small intestinal mucus to in-
vestigate adhesion of probiotics [J]. Letters in Applied Micro-
biology,1999,28(3) :159-163.

W B DO FURT T BB R T R K b T T B A S Al
AN H A BT T L1, b gl B2, 2004, 37 (4) £ 609-
613.

Gao W, Meng Q X. Study on the adhesion abilities of Lactoba-
cillus spp. s Bifidobacterium spp. and Escherichia coli to the
immobilized mucosa of small intestine of piglets [ J]. Scientia
Agricultura Sinica,2004,37(4) :609-613.

Jakava-Viljanen M, Palva A. Isolation of surface (S) layer pro-
tein carrying Lactobacillus species from porcine intestine and
faeces and characterization of their adhesion properties to dif-
ferent host tissues [ J]. Veterinary Microbiology, 2007, 124
(3):264-273.

Lonnermark E, Nowrouzinan F, Adlerberth I, et al. Oral and
faecal Lactobacilli and their expression of mannose-specific
adhesins in individuals with and without IgA deficiency [J].
International Journal of Medical Microbiology,2012,302(1)
53-60.

Zago M, Fornasari M E, Carminati D,et al. Characterization and
probiotic potential of Lactobacillus plantarum strains isolated
from cheeses [J]. Food Microbiology, 2011, 28 (5): 1033-
1040.

Schillinger U, Guigas C, Holzapfel W H. In wvitro adherence
and other properties of Lactobacilli used in probiotic yoghurt-
like products [ J]. International Dairy Journal,2005,15(12)
1289-1297.



