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Study on cell adhesion and probiotic characteristics of dominant lactic

acid bacteria in traditional fermented camel milk-shubat
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th ., &R 2 7, Le2-1(Leuconostoc lactis strain) . M4-3-2
(Enterococcus sp.) . M3-1 ( Enterococcus faecium strain) .
M3-3(Lactobacillus brevis strain) #f B H 5 & e R W 48 A1, 2
P M3-1 e AE A R B, 4 AP MRARSN I B BRI R A
2850 ~41% (M4-3-2 89 B fit F ik 3] 40% 2 L), 3f B3 45 &
AR LA AR E M,
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Abstract; Adopting alternative culture 4 bacteria trains among the

b

superior bacteria were screened from Xinjiang camel acid -milk. Iden-
tified as lactic acid bacteria, and own high ability of resistance to acid
and salt. The adhensive ability of the strains to cell line Caco-2 was
tested via morphological observation and cell counting under micro-
scope. The amount of cholesterol assimilated by the bacteria was
measured by high performance liquid chromatography ( HPLC). As
results, Le2-1 (Leuconostoc lactis strain), M4-3-2 ( Enterococcus

sp.)s M3-1 (Enterococcus faecium strain), M3-3 (Lactobacillus
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brevis strain) were adhensive to Caco-2. M3-1 was the most adhesive
strain among the four tested strains. The cholesterol assimilated
range from 28 % ~41%, M4-3-2 which Assimilated more than 40%
Cholesterol from culture medium. The antibacterial capacities of
4 strains were studied. The result showed that the metabolins of
4 strains were of obvious antibacterial activity.

Keywords: lactic acid bacteria; cell adhesion; cholesterol-reducing;

shubat; antibacterial ability
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1.1 E# A0 A

Rl . Le2-1(Leuconostoc lactis strain) \M4-3-2 (Entero-
coccus sp. ) \M3-1(Enterococcus faecium strain) ,M3-3 (Lac-
tobacillus brevis strain) » A SEH0 28 MAL G5 & 1 1R 3¢ 7L R i vp
1R

T8 8 W 4 B 0 W 4 3R B (Staphylococcus aureus
CCTCC AB 53154) . K #T 18 (E. coli CCTCC AB 93154) .
AT B ( proteus CCTCC AB 91103) . (40 &8k 1 (Candida
albicans CCTCC AF 206001) , 7 48 Ui 1 2% 4= i Bl 2% 2% B
WE R %

NG5 1 93 B 20 M 3R Caco-2 41 i A« 201G - f A= 9 T
BAERAF.
1.2 #EHRESKH
1.2.1 ¥k

MRS £3%3 (1 000 mL) : EHIFE 10 g. & WE 10 g,
BF 5 g AR 20 ¢ . Ko HPO, 2 g, ZTRHN 5 . Fr iR — 4%
2 g,MgS0, 0. 28 g,MnSO, 0.18 g, 80 1 mL,121 CK
B 15 min, H TIEF IR 5

A RFF R SR AL (1 000 mL): E A 3 ¢, W 10 g,
NaCl 5 g, 3ifig 15 g, P84 pH E 7. 4~7. 6, I TR

0 L A R 5 . B 2R T B O AT R L IR
[ EE 0.1 g, AR JHER 0. 2 g, JEWHER 0.1 g, ki 80 1 mL, %),
A 5 mL PKESER .60 “CoK G M 8 75 P AL HL 15 min, &
AT 0. 45 mm JEMERLIE L INAE] 1 L i F K B 1 MRS %
IR AT A3 B Z9 & 0. 1 mg/mL I & EE Y MRS 157 3,
W pH % 6~7;

DMEM((dulbecco modified Eagle medium) 58 4> 3% 3% ¥ -
88% DMEM 535 10N IR MG AN B HER AN EHE R

DMEM R 5¢ 4 55 3£ 9 : 90 % DMEM K5 3% 3 . 10 % i 2F
MY
1.2.2 FZRKHA

DMEM 1 9% .0. 25 % Ji i — EDTA . 3¢ [E Gibeo 247l ;

6 40 13 < A2 AR5 . 26 B GE Hyclone 23 ) 5

JIE [ B (=99 %) - ik 4l , 9% [ Sigma A 5

A= AR < 43 By 2l [ 2 48 A4k 25 3 0 A BR A A 5

JIFL ] AR 9 i (100 pg/mL) < AR 46 SCHR L 110, 4% 1 AR B
0. 005 g I [ g (835 A5 X BT & F 50 mL At 6
1 H BRI E A E 50 mL, B A S HCE T kA (4 °C)
A 2 o M ot A 6 YR
1.3 UHFH5E&E

HL P IR SR 4 . LRH-250 B, B — B AL A A 7

CO, 4l 53544 . ULTIMA %, 3% [E Ruskinn 2% 7] ;

T R AR €538 - 1200 B, 2 HES B A PR A 5

BT - BX60 Y, H A Olympus 24 A 5

BB E B LML 2-16P B, £ [E Sigma 27

R A2 6 mm, SRR 8 mm, B 10 mm, |- £ A ST
AR T

1.4 #EBHKIE

Loa 1 ARG IE AL B B il A B H e PR A7 1 8
BRI MRS W25 35 77 5 % 206 b =2 )5 IS PBS 28 o
WV VAR R AN B VR BE S 5 10° CFU/mL™

1.4.2 4G 3 Caco-2 418 T DMEM 5% 4 85 5% i,
37 °C,5% CO,—95% 75 K A AL ik 55 77 4 0 5 R 85 9%
2 dffR—k

1.4.3  HEEEOREE K B5 3% 40 0 40 FH DMEM 5% 4 85 37 )
P ZE 5X10°4/mL 0.5 mL FRHHEEH L HHEHFE R ET
ARG FEIL P F 5% CO,—95% 23 K — S Ak ik 15 32 4 o
S 2 2 O B L PR AT RE SR W AR S B R A A K B R
W TH A 200 16 55 3% 8, F 40 i T JE 8 PBS ¥k 1 K, B5 3R L
fmA 1 mL B (5X10° CFU/mL) 5 1 mL DMEM K5 4
BE R MATR A 0 A0 5 A T L R R 9% 2 O ae g
FFIJCE PBS Uk 3 K LABR KR A M40 . 0. 4N Z R H
B[ 30 min JF, HARSMF T BT, 4 22 R 0 )5 W fl s
W 5% FLIR T 1 RS BAHI% 00 47 R

Lo4.4 ORSBRIFEC A0 40 Ao AL B 2B BRI A 4 mL 4l
B TE 35 mm X 10 mm 4 HH5 557 ML P R i B 55 3% A, 40
TS AL R E 2 h J5 I JC T PBS Pk 2 A Al B ) 40 s, =2
JE 1 mL BEEF—EDTA ¥ 41 i W1k K IR A W56 8 2
LGRS RS R R R AR 3 A
AT

1.5 HPLC % 2L BR 5 &Y b #7 AE [E B2 68

1.5.1 i  @igH:Cs (4.6 mmX 150 mm,0.5 pm)
EREFE ;s AR 35 °Cs il AH : BB i3 1 mL/min; 37 K
206 nm; R E 20 pL,

1.5.2 HPLC ikl brdedh gk o iff W RJI0 BT i 4 T
0.0,0.2,0.4,0.6,0.8,1.0 mL, P A EAZE 1 mL, {fitr
YTV Tk BE 43 03 A 0, 20,40, 60, 80,100 pg/mlL, T #E 4T
HPLC 2 . Zdilbn e 220,

1.5.3 RENRERERE S B E bR Al T MRS W25 K 57
BB A Z TR B T 220 (V/ V) b
o T JIE B 5 Ry 0. 1 g/ 1L (1 e I [ st Jke o B R Bk, 37 °C
B3t 24 h, ¥ WL 10 min(8 000 r/min, 4 C), F1E
A S A5 DU B T 000 g UL [ e, OB ] ) 5 S 2 K

R AETST Y ok, ok A2 R o 2 il ) TR L T G R B SR L 45

AR 3 A7 N E R R R (DA
p—M—A 100% , (D
IQEP:

P——JIUL ] A A R 065

Ag—%F B A1 vy B[ RS A SR AR b IR [ Rk RE
pg/mL;

A——Fpil & B 35 U M R O Sk BE L pg/mLL
1.6 MERE
L6.1 RFARMEESE ZEEEKN I em WIEFHFILF, MA
20 mL Y [ 4 B 35 L 158 B TS e B R b Ok 4 TR
B WL 200 pL A48 7R T A AR AE AR B AR A . I Y
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1.6.2 A AERARBER 4 3 N4 R SR 1.6. 1
R E R T RRE AR E. SRR RO 88 LB
Je ¥ L VEWOR 0. 22 pm i JEAS I E . R BGT B E Z )5
MBS 200 pl 24 AR b i BN B 1T R A
AR,
1.6.3 HHEARMMIESR BHINA TH /RN F LR A 37 C
FiFRAA P .24 h Z R IO L HA B E 00 o 0 B B A ROl AN IR
WA 3 A TAT .
2 RS0
2.1 HERIT A L B B 4H R RG B

N4 40 M & Caco-2 40 i 2 43 FH R BE 2 v, 42650 A
AN 7R AN N s M O 51 I S 1 D o B i =
Jo o 2 R TE A 40 T AR TE . A MBS S AL R IR AT A ik
AU R UL R AR SR I E A i R . B
[ B 4 Bk FLER T X Caco-2 4 I 25345 K Fff .

(a) Le2-1

(c) M3-1 (d) M3-3
B 1 4 #k3LER A sF Caco2 AL #E M (R Z K 3 &, X400)
Figure 1  The adhesion of the four lactobacilli on Caco-2

cells(Gram’s staining, X 400)

K B T H BB Caco-2 20 i i ¥k B2 8 2 5 X 10° 4> /mL,
LR 0BG FE AR A 4 mL 20 L Y A 055 3 L e 4T
AR 2 X100 A MK ERJZE A 1 mL W R
5.0X10° CFU/mL B & ¥ i, 40 B 240 i bk 20 o 250 @ 1,
M- 1Rk B B it 5 At 3 Mk T 1 B % 22 R ) 2 7 34 4>
0 B TR BB 48 O B (64, 50 £ 10. 22) CFU/4i Mg, L2-1
5 M3-3 19 R BB & 2% B BN, 4 R R (41, 67 &
6.24) CFU/4H A1 (37.50+6.12) CFU/4M g, i M4-3-2 &
K B S (29,1743, 12) CFU/ 4R (L E 2)

R B B0 2R T T S AOWL 58 AT AR T EORA 45 G 1Y T iR B
ST A BRFLER PN A T L R A0 R 0 RS B RO A T DL B
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Figure 2 The caparison of the adhesive ability of four lacto-

=

bacillus strains on Caco-2 cells

HLAE P 3t X 5 7L I TR 0T 40 RS RS P 6 34, S A T Bk 3 0
TR RO 20 R RS A 1 . NS SR R T LU G R R X
20 ML HR B R4 AR B RE 7 X SR M 25 B AT TE TR N A A 4R
AT, AR SO B RE T3 L (EURG B RO 2 (B AP AR W) R 2
BE AW R G L 2L R A 1 G AR 5 0 an i e
10 2H A R T K P L B B 2R BE 1 RO T BE 2 0 R S R R T
RAK., Alma R E it — P R T 3L X Lz
JHE ) R L AT A R S

2.2 HEHRARIMEREEIEZHE N

2.2.1 HPLC iEJH EmEbr o £k iy dtsr 18 3wl 0. 7
L5 1 B G 2P0 L JIEL T 8 1 £ B I ] 2 11, 063 min. 43 #§
HORBNE 0l 2 W KR R RITE £0. 1 s 0K
— Y5,y 4 ET R BH I B R R AE 0~ 100 pg/mL /Y3
WA REFIERIER R, BIHT RN y=11. 100 —3. 75, # %
FABRH 0.999 4,
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Figure 3 Chromatogram of standard solution of cholesterol
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2.2.2 JREEEREMRE BFR L RTH A4 MFLER BT I E RS
A R e g1, % IR b 0 R R VR B Oy 47. 30 pg/mL, ik 5
PR A ) B R A 2 I [ 9 1) R AE 13, 2~19. 6 pg/ml (28% ~
41%) , ok, MA4-3-2 R fe iH R ) A A o ik 3 40 0 LA I

®1 HEHEXEERERERE

Table 1  The result of degradation rate of cholestrol (n=3)
WIS BEHE R/ (ug s mL™D) [/ %
L2-1 14.35+2. 60 31.0045. 44
M4-3-2 19.57+1.52 41.0043. 34
M3-1 14.98+0. 46 32.00£0. 82
M3-3 13.27+0. 60 28.0041. 25

R0 45 SRR WL 4 bkFLBR B X I [ B A I A i O 3 B
FZRVE. WA EE R AIE A FLR B B Ak X AR [ A Y A
PE RS [ 9 5 — 5 vk B A b ] {12 18 7L R 11 B 27 1 W3 ol AL [
FEC PR O 25 A T AR fE 2 — R R LR A 2 —
EWE R IREE . A B P A X ST AR T 2 B R e A S E
S LA 0 0 T TR T JIEL R B ) 3 S LA B Y [ I
B e Sy SRR o 0 TS TR) LR T e I ) T AL 3L L 0T Aok 45 2
HHAT TR MR A e Rl R R e SR
VEFRIE AN AL IR I . AU Y 4 Bk 2L IR R 6T R A ) R
fifg fg ) T MR AR HLHE A R itt— 2B 5.

2.3 FLERE R E &

B2 2 W, 4 BREFLER DA X R 7R 1A AT LA 0 1 A0 O g
77 Foh L2-1 X6 1 0 4 3R 4 19 410 04 g ) B 0 - M4-3-2 X 42 B
0,74 % BR T Y 30 1 RE 7 B 9k . M3-1 X 38 B AT B R0 ORI AT
B4 T RE g i i, M3-3 - [R] A O X OK  FF B B 4 T BE )
iR,

SN A R R TE AT B R AT B L S R R
S N AR 38 S 0 W TE AR TE R EE W BUR T, BLE 1400 2
B PR A R 2 B R R L AR AR B L, 6 R
VB R 300 B TG PRI P 5 R B . IR IR S5 SR AT LUE L 4 bR
LR T 7 A 0 FLIR TR 3RS U 22 TG BA M TR 4 B0 2 Bk
T A= A 10 P R O L G A A 2% EG B B K
BB TR R AR N EUR 0 B B SR A R .
AT, 4 bR FLIR P 7= A 1 7L R B 2% 7E A W 9 I R0 RN 24 A OT R
7 18T AV A 0 o H AN

x2 ABRERWESMHAEEENFEER

Table 2 Antibacterial activity of metabolites from lactic

acid bacteria (n=3) mm
5L ﬁ%ﬁ@%ﬁ TR pN7EaR) [EREhRe7 31
2 BRI
L2-1 24.7+1.25 20.3740.47 24.3740.47 25.3+0.47
M4-3-2 24.3+1.70 19.340.47 20.7+1.26 22.3+1.70
M3-1 20.340.47 23.3+1.25 23.3+1.25 21.7+0.47
M3-3 19.340.47 18.740.47 21.4+1.61 16.341.25

3 Wk

A B0 R R SR BT (g 7 IR Y T BRI FL T Y 4 R EL
B2 T A0 M b Rz 40 SRS W6 R 7 e E B B R . SRR, %
B4 BRTE L2-1,M4-3-2, M3-1, M3-3 # 5 A & 9 1 kG it B
H1. 5 IR REE WK B RN (16, 11£ 1. 57) CFU/ 41 i Y
BB FLAT T LGG B RGOk (28. 431, 65) CFU/ 41 g i)
ST-TFE Py FUAT B, K5 B8k (495, 07 £80. 03) CFU/100 41 Jifg
i 2 G B ZLAT B JCMLOST ) A Eb o A 32 56 DI 3 3 5% 1% 7L,
e o 0 O B LR A O A0 FROORY B BB 0 B L M3-1 R
Bt i 7 B s o 3 1) (64. 50 £10. 22) CFU/4i id , 1 Kb B 9
P FAL I 224 )5 IR AL 52

A SR S I 3 6 52 K TR R A I O T R A 28 06 ~
4196, M4-3-2 F il 55 7% 35 v 04 I B B2 R A 40 00 A B 7 H R
4 STk AR T P R AR 2R ) 40 %6 L B0 T R B R S A o
UL, p A M4-3-2 1 JIH [ 7 R A AR O B0 B B
N FH I 5

53RO G B R FL R 4y B AR B Y 4 Rk LR T
TR 8 DA BG o A 0 DR 5 3% JE R L b 43 B 1Y 4 AR R A FL IR
TR 1) 406 P 410 A BB ) AR . Ok VR T BCAE W 1 A ) B R R
o A A AR P TE W BT P R — SR PLRR
Z IRELRT R AR o X TF A K 56 24 1 32 1 B kAR = A 1
BUR W0 A YRR E R R Rt — B TR
4 gk

L 8 3k s 1 A e o A SR R T Kk A% s 5 g
R B R, MR AL S8 & B CORE RR B 3L . %0 i
PR — 8 W78 I 2R X AR 25 A 4R F I A
AW R R O N R R N e N 7 7
i A AF Ay A7 X A ok 2 LA A e R B B T I AL I T %
POTEVE T B A O 25 26 TR 09 IR 407 0 T30 R oy P T 5% o

5% 3
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