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Screening of probiotic Lactobacillus in simulated gastrointestinal
environment
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Abstract: [Objective] To screen probiotic Lactobacillus as candidate strains for healthy yoghurt.
[Methods] Lactobacilli isolated from healthy human feces and Milk Tofu were tested and screened by
tolerance to simulated gastric juice. Probiotic potential was determined based on resistance to simulated
gastrointestinal juice and bile salts, antibacterial activity, and cholesterol degradation ability. [Results]
Results show that 41 bacterial strains with dissolved calcium were obtained from the Lactobacillus
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isolation medium. Five strains with high tolerance to low pH and simulated gastric juice were selected
from the screened strains and identified by 16S rRNA gene sequencing. Three strains were
Lactobacillus, named as Lactobacillus plantarum (LpMT-3), Lactobacillus plantarum (LpMT-5) and
Lactobacillus salivarius (LsAF-7). These three Lactobacillus strains exhibited higher tolerance to
simulated gastric juice than the commercially available LGG (Lactobacillus rhamnosus GG). After the
Lactobacillus strains were transferred to intestinal juice for 26 h, survival rate of LpMT-5 was stable at
approximately 45%, lower than LGG (49%). The three Lactobacillus strains displayed higher tolerance
to bile salt than LGG when the concentration of bile salt was 0.10%. LpMT-3 and LsAF-7 were still
alive when the concentration of bile salt was increased to 0.20%. All the three strains exhibited
antibacterial activity, especially to Enterococcus faecalis, followed by Staphylococcus aureus, and the
least inhibition effect to Escherichia coli and Salmonella. All three Lactobacillus strains also showed
cholesterol-reducing ability. [Conclusion] Three strains of Lactobacillus could be taken as the strains
to further develop new probiotic products and health yogurt.
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Table 1 Survival of the screened strains in culture medium at pH 3.0

K bk K bk
Source Strains ok Source Strains Ak
ok [ B N ZfE AF-1 0.046+0.024a Sk QWSS MT-1 0.953+0.052¢

From adult feces AF-4 0.047+0.024a From milk tofu MT-2 0.307+0.03 1abc
AF-5 1.100+0.120e MT-3 1.083+0.157¢
AF-6 0.059+0.062a MT-4 1.064+0.201e
AF-7 0.370+0.007d MT-5 0.333+0.103cd
AF-8 0.226+0.068bcd MT-6 0.313+0.04bcd
AF-10 0.19340.049abc
AF-14 0.150+0.075ab
AF-15 0.057+0.071a

I: a. by oo, d. e ANRIFEERR 2 R4 1 34 (P<0.05).

Note: a, b, ¢, d, e: The same column followed by different superscript letters differ significantly (P<0.05).

*2 THEERY A TB R ZHE

Table 2 Tolerance of the screened strains in artificial gastric juice

L T PR AL .
E‘f}k The number of live bacteria (CFU/mL) ﬁ(ﬁ%
Strains Survival rate (%)
No (0 h) N (3h)

AF-5 (5.20+0.40)x10° (3.47£0.18)x10” 6.68+0.17d
AF-7 (1.70£0.08)x10° (1.79+0.03)x10” 1.05+0.03b
MT-1 (7.37+0.03)x10° (2.50+0.46)x10° 0.34+0.05ab
MT-2 (1.59+0.09)x10° (6.86£0.11)x10° 0.43+0.02ab
MT-3 (1.31£0.05)x10’ (2.53+0.01)x10’ 1.93+0.04c¢
MT-4 (6.77£0.93)x10° (6.10£1.90)x10° 0.09+0.02a
MT-5 (1.77£0.33)x10° (3.42+0.20)x10° 1.97+0.26¢
MT-6 (6.47£1.37)x10° (6.75+0.64)x10” 10.62+1.36¢

F: a. by oo, d. e ARIFEERIR2: R4 1 35 (P<0.05).

Note: a, b, ¢, d, e: The same column followed by different superscript letters differ significantly (P<0.05).
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Table 3 The identification results of isolated strains

itk IR HILEE B
Strains Closest relative Similarity (%) Accession No.
MT-3 Lactobacillus plantarum strain FJ005 100 KT371517
MT-5 Lactobacillus plantarum WCFS]1 strain 100 KT371518
MT-6 Staphylococcus epidermidis strain MB2M 14 100 KT371519
AF-5 Enterococcus mundtii QU 25 99 KT371515
AF-7 Lactobacillus salivarius str. Ren 100 KT371516

MT-5 WAEYIFLFF I , MT-6 J 3 i %5k, AF-5
HECHARKE, AF-7 AMEWR LA . 28 3 bRl
MR T e 2aRse, srlan4 o LpMT-3, LpMT-5
1 LsAF-7,
2.3 E#aEYIIL

T AR R B TR AZ M, R AR T
b, ZERILAE 1, 493 3-5 K pH 2.5 AT B gAY
b, 3 BRIEMAETE I T 0.3-3.0 1%
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Figure 1  Survival rate of strains
domestication

TE: FAGHE: pH 2.5 AT HRALEE 2 h BFLAT Y A7 RE

w5 [A R YL R BEVRAR L B (2 2 P (P<0.01).

Note: Survival rate: Effects of gastric juice on the viability of

Lactobacillus strains after 2 h represented as survival rate; **:
Compared with undomesticated strains (P<0.01).

before and after

FPR 4L B AR AME D0 23k /N 1 T Ak e i2
REEIA TN B e I R Ve, Bk, A5
XEOrES Y 3 ARFLIT R 27 B M i Re kAT T
5E, JELLLGG WX, Z5RULIE 2, & 2l
O3B PARRAE N T8 WP B A2 1 285 X IR . 7%
NG, LGG T 4 h i AMERA R, [aiiid
AN, ZJE, FIEREEEM, HE 26 h 1Y
49.54%; LpMT-5 ij 4 h 2>, 25, 4G
FIATELE 45% 447, URT LGGo LsAF-7 Al
LpMT-3 1t 5 M fie J1 3425, 26 h AR5
SR 12.28%F1 1.50%.,

242 FATEMAEERRENME: AR Z 68
AL E B FUTFHE HEANE J5 T MRS, i ELXT
FH AR IR BT Re B 2R L, Mgyt
WRETE 0.03%—0.30% 5B NI 5h, ARSZisk S xt
FLR DA MR ER I A7 1 A I e, e R IR R A6 B AR A T AF
FE), GERLZE 4, BRI AR AE S UIHAE K iR
W] LT R, LT B8R FRR AR Y IR 32 P 2%
R 4 ATAL, BRERMREESH 0.10%F0, 4 #RIEHE
K, MtAHERBE /) K LsAF-7>LpMT-3>LpMT-5>LGG.
JHER M 0.15%F, LpMT-5 Fl LGG #5844kl ;
NRERVER B R 0.25%H0F, HA 2 BRI REA K .
243 FAFFERIMNBEGEENE: WEEESAN
T A B o A M R BRSO R 1 A R A Y
— AEEIERR. 3 S AT, LpMT-3 fil LsAF-7
AR TR MRS SR TRCE TARR, 4 BRI 2 ERTA Y
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Figure 2 Survival rate of Lactobacillus in artificial gastrointestinal juice
HE: 0-2h: BHRXITATHBNINZ; 2-26 h: RS A LIHBIYTZ.

Note: 0—2 h: Tolerance to simulated gastric juice; 2—26 h: Tolerance to simulated intestinal juice.

R4 BERIARREIRE BRI =S

Table 4 Assessment of bile tolerance of culture of organisms to different bile concentration

ik JIEER e B

] . Concentrations of bile salts (%)

Strains

0.00 0.05 0.10 0.15 0.20 0.25

LpMT-3 0.00 3.2240.05 4.33+0.14 6.36+0.13 8.42+0.63 -
LpMT-5 0.00 2.83+0.17 8.89+0.10 - - -
LsAF-7 0.00 1.47+0.05 2.14+0.05 3.06+0.42 6.75+0.08 -
LGG 0.00 1.81+0.10 10.58+0.29 - - -

T - AUKREREOE 2 H.

Note: —: Representative strain was completely inhibited.

x5 BEReHIIEEN
Table 5 The restrain function of strains against harmful bacteria

LS KIGHFHE UITRE En7EeN ] BT O R
Strains Escherichia coli Salmonella Enterococcus faecalis Staphylococcus aureus
LpMT-3 9.67+0.58 15.17+0.42 17.5+0.5 15.83+1.04
+ ++ ++ o+
LpMT-5 9.17+0.29 13.13+0.81 18.5+0.5 16.17+0.76
- ++ et o+
LsAF-7 12.67+0.58 11.83+0.29 19.67+0.29 15.9+0.66
++ + +HH+ o+
LGG 11.00+£1.00 12.17+0.29 20.5+0.5 14.17+0.29
+ + o+ ++

T BUE I EAR(mm); -+ B 1924 mm; +++: 16-18 mm; ++: 13—-15mm; +: 10-12mm; —: BEAHIHE.
Note: Value is the diameter of the antibacterial zone (mm); ++++: Diameter between the 19—24 mm; +++: Diameter between the 16—18 mm;
++: Diameter between the 13—15 mm; +: Diameter between the 10—12 mm; —: No effect.
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244 FATERIPEBEEER: LI Ass0 WA
AR, JIELE B BE (mg/L) AR AR il br i i 2%
T AT FE N y=647.04 x; R*=0.996 2., W45 Hikk
R L NI E o e o =N [E i 7 5 £ i
THRRFNERR S, 6 6 45 HRM] . 4 Bk RHIE [
B W BR R 1 K R A LGG>LpMT-3>
LpMT-5>LsAF-7; WBRZFMKIKHK LsAF-7>LpMT-3>
LGG>LpMT-5. LsAF-7 FAA™Z0 a3 B IH & B e
25, (BHTABEREE S, AR, PrLERRR A
LGG A2 vE bR AR FERERE Sy, A A KAz iR dh
TR, FTLATE RN X — 255 5 i 9 it
ARERRE e s R —2, Bk, Fdk A S e s
PR 5 A KA 3 [R5 e R R [T B 7 R/ o
3

ta A WA NI, 25 N8 s e
FERE TN 3R 55 E AR DUE & HOE M ARE L5 4 AR
PR 5 R . PR S R e 2 R AT R 5 A T
— A EEREAR L, AR R, B pH i
IR L5 R AR K, % pH {EN 3.0 72
fi, RN EHREEYN pH EIKE 1.5, 8H
B TE Y pH (AR Mk 4.0-5.0, &4 iy
1-2 ho AMHFEIM, FEERE pH 2.0 AT HK
bR 2 h JLFEICIEAAG « 1ZEE3RS DA 2
RN, AR TR 25 AL T R S A
AL E i S FUFF R TR SN, HBE
T AT ARAE TC IR A5 B AR AR AR . Y
[l S (o = Tt R A T L R e ey A e il

6 TEPRIRINEAE E RS AE

Table 6 The cholesterol reducing capacity of Lactobacillus

» THBRAS S
PRI Cholesterol reducing  Cholesterol reducing

Strains ability rate
[mg/(L-OD)] (%)

LpMT-3 35.17+£8.25 28.77+6.75

LpMT-5 19.49+6.32 8.00£2.60

LsAF-7 18.63+3.71 29.22+5.83

LGG 55.09+5.48 22.15+2.20

{EARGIMG HEAFIRAT SR A W] BE S I 20 7 7 S Wi 4%
PF N ATREAEAEMIANEL, 7R 4 RS Y AR fh

X R A 35 A R E AT PR B, R A
TR A5 AR AR A IR, AR S5 FH ) B AL
FFE GG ATCC53103 S MHEER AR P42 A, 4F
st 500 7159 AHEAL . Goldin 252 F5E LGG
X E W Az, ZIAE pH 3.0 BB W PImA
3.24x10° () LGG, 2 h (IR EECH 2.04x10°%, 171
FiKE] 62.96%, MMi24 pH K 1.0 Bf, JEEECRE T
%, 0.5 h i HECH 0. ASZEe Pt IR LGG 78
pH 2.5 (I E B HIFE 2 h, EERILE] 69.78%, 1E
pH 1.0 55 FARBEAAE . SRIE W4 R0,
AR S Y 3 BRELAT BRI #E pH 2.5 I B h s &
2h, FERFRILT 86.65%LL I, ¥ET LGG.

N R AR PN I e R s ) B
02 5 A B R FE LR IR T A R ) SR 253, T LA
i 2B RS AL AT IRER T 32 1 o /N R IR v B A
0.03%—0.30%3E [ PN it 2l . A S50 30 5 H A OB
BTN 0.3 A B PR s S A T U DA PR IR g A2 1 o
gEILRIH, IHERWREE N 0.10%KF, 4 BRESIREE K,
RHERVERBE R 0.25%0F, BT (1 BRI 58 S pim i
T 5 00 O A Ak A M T 5 4 LT T AR O T T
TERRER A A 0.1%0F Bk o2 2t s N
SR TR L ] A MRS 7 5 2N A FLAF I, 7EARER:
WIERTF 0.3%I0F, kL TR Z 23 . S5l
AL, ARSI BRI 2R rhr . Argyri 250
NN — LB W) B A3 1 PR B D AR RE 4 v B i X AR R
(T 2P, DRIHCHEDT, 5 A TRZE AR Y A2 TR R B ]
RESR T HAN, TEIRSNG 25 4 B TR A ER RR R BT
S A IE AR PR 7 5 . AR SO N TR
P SZ 528, N THARERINT 0.60%A RS, A
WP IER A LR AN TE . BERE, ATt
P26 h, LpMT-5 77535 H 45%, UK T LGG. #4:
R EAT AT RN E TR TS D RE , DRI e 2]
VT X A T DL 3500 A A R 1 o ARG T AR B
PRXT 4 FE /R TR AIHIVER,  EO 8 2 (R R
AR E AR, X SRR S R
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BRSNS B A R T .

ARSI 56 A R\ T A 58 Hh 4 O sk
MR . i VAL AR, WL TS, 2R
2 N T B it 2k IHERmN 320 . I &
IR B R A e 0 A g AR AR OIS, RS 3 Rk ELAT
AR FLRF B, AT DA A F i O e R R 45 114 A
PERME . LpMT-5 ZERHU MRS il A7 6 Rt e
X HA A TG B AT s LpMT-3 A LsAF-7 it fHER |
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