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Abstract: In this study, probiotics with strong cholesterol-lowering ability were screened from five probiotics by using MRS-cholesterol
liquid medium containing cholesterol micelles, and the selected probiotics were tested for their acid and bile tolerance. The results demonstrated
that all the five strains exhibited cholesterol-lowering function, with the Lactobacillus casei (LCA-1), Lactobacillus rhamnosus (LR-D) and
Lactobacillus plantarum (LP-C) having higher cholesterol degradation rates (as 25.26%, 22.18% and 20.03% respectively). LR-D could tolerate
a low pH environment for a short time period but exhibited poor bile salt tolerance, with a survival rate of 14.39% after a 2 h culture in the
fermentation broth at pH 2.5. LP-C could tolerate a low acid environment for a long time period and exhibited strong bile salt tolerance, with a
survival rate of 133.75% and the viable cell number of 1.13x10° cfu/mL after being cultured in high bile salt medium (0.5%) for 2 h and 24 h,
respectively. In these cases, the other two strains remained undetected. These results indicated that LP-C could tolerate the high bile salt
environment. LP-C possessed a high cholesterol-removing rate and could withstand a low pH and high bile salt environment. Therefore, this
probiotic can be used for further research and development.
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Table 1 Fermentation parameters of five probiotics in cholesterol medium

- KB 0h KB 24h

pH AR & W 40(x10° cfu/mL) pH R & W 480(x10° cfu/mL)
LAC-D 5.5+0.02° 41.29+0.97° 1.43+0.07% 3.88+0.02°  193.37+0.43° 6.07+1.25%
LR-D 5.79+0.0° 32.98+0.92° 0.4140.02° 4024003  148.60+0.46" 59.67+8.89°
LCA-1 5.99+0.0% 29.74+0.49° 1.2140.143 3.92+0.03°  181.80+0.90° 24.83+0.65°
LP-C 5.49+0.0° 41.41+0.40° 1.16+0.36 3.68+0.03%  200.60+0.59% 11.57+0.51°
LSY-1 5.78+0.02° 35.63+0.45° 0.4620.04° 4.65+0.02% 89.61+0.66° 2.33+0.15"
_—_ KB T2h
B3 N .

pH AERE E B 40/(x 108 cfu/mL)
LAC-D 3.95+0.01°  198.12+0.96° 0.20+0.02°
LR-D 3.98+0.02°  169.71+0.90° 2.50+0.26%
LCA-1 3.88+0.03°  203.75+0.93% 0.07+0.01°
LP-C 3.78+0.019  200.65+0.77° 0.16+0.02°
LSY-1 4104005  158.77+0.39° 2.05+0.26°

E: Rk, RRFEATHERERF LR (p<0.05). & 2~4F.
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Table 2 Fermentation parameters of strain LCA-1 under different treatment conditions

0h 2h
PGPSR S s ——— ———
* pH 1 R B pH 14 R B
pH 2.5 2.68+0.01° 153.29+0.43 2.68+0.01° 151.32+0.42°
pH 3.0 3.06+0.01¢ 138.55+0.48" 3.08+0.01° 115.38+0.44°
pH 3.5 3.67+0.02° 115.25+0.51° 3.66+0.02° 114.64+0.43°
0.5%F2 2k 5.99+0.01% 27.78+0.38° 5.98+0.01% 27.80+0.19"
0.3%A2 2k 5.99+0.01 26.65+0.32¢ 5.98+0.01% 30.24+0.10°
0.1%f=.2k 5.91+0.01° 27.93+0.25° 5.89+0.01° 21.05+0.23°
- 8h 24h
NEEGEEES SN SN
ARRES oH 12 BB pH 18 BB
pH 2.5 2.68+0.01° 141.80+0.38% 2.68+0.00° 144.73+0.47°
pH 3.0 3.07+0.02¢ 133.43+0.51° 3.07+0.02¢ 133.08+0.18"
pH 35 3.64+0.01° 115.38+0.28" 3.51+0.01° 122.50+0.45"
0.5%/fl2 2 5.98+0.01° 27.21#0.36° 5.99+0.01° 27.58+0.40°
0.3%A2 2k 5.98+0.01% 27.32+0.26° 5.97+0.01% 25.71+0.38"
0.1%A= 2k 5.89+0.01 27.58+0.43° 5.85+0.01 27.68+0.12°
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7 3 BEIkk LR-D ERREIIRE G TR ABES
Table 3 Fermentation parameters of strain LR-D under different treatment conditions

0h 2h
ARLEEA oH 18 AR B oH 18 AR L
pH25 2.55+0.01° 145.67+0.23* 2.58+0.03° 147.56+0.23°
pH 3.0 3.02+0.01¢ 130.22+0.20° 3.01+0.01¢ 129.60+1.18"
pH 35 3.52+0.01° 112.43+0.28° 3.52+0.01° 107.85+1.21°
0.5%/fl2 2 6.050.01° 23.78+0.05" 6.03+0.02° 23.8520.07"
0.3%f2 2; 6.04+0.01% 21.8140.47° 6.02+0.01° 22.58+0.13°
0.1%A= 25 5.88+0.01° 30.48+0.75° 5.88+0.01° 30.3240.27°
8h 24h
ARAEA oH 18 AR oH 18 AR
pH25 2.59+0.01° 145.710.07% 2.61+0.01° 146.75+0.59*
pH 3.0 3.09+0.01¢ 132.14+0.49" 3.08+0.01° 129.44+0.51°
pH 3.5 3.48+0.01° 108.02+0.16" 3.39+0.02° 119.18+1.29°
0.5%R2 25 6.030.02° 23.67+0.24° 6.05+0.01° 22.63+0.23"
0.3%R2 25 6.030.01° 23.63+0.32° 6.02+0.01° 22.74+0.59"
0.1%A= 2k 5.85+0.01° 35.66+0.49° 5.23+0.03" 40.81+0.28°

® 4 MR LP-C ETRIER M TH LRSS

Table 4 Fermentation parameters of strain LP-C under different treatment conditions

0h 2h
RALEEH oH 1t AR B oH 18 AR B
pH25 2.57+0.02° 145.88+0.36% 2.61+0.01° 145.88+1.56%
pH 3.0 3.010.01° 128.23+0.39° 3.03+0.01° 130.03+0.58"
pH 3.5 3.47+0.01° 113.71+0.45° 3.460.01¢ 109.00+0.22°
0.5%A= 25 6.0520.01° 23.5240.15" 6.0420.01° 23.58+0.05"
0.3%A= 2k 5.99+0.01° 22.56+0.71° 5.92+0.01° 23.74%0.52°
0.1%f2 2 5.83+0.01° 31.80+0.36° 5.71+0.01° 34.67+0.37°
8h 24h
Gl o o {i AR oh 1 AL
pH 25 2.64+0.01 147.13+1.03% 2.68+0.021 145.77+0.84%
pH 3.0 3.10+0.02° 131.75+0.50" 3.030.01° 134.17+0.66"
pH 35 3.34+0.01° 118.18+0.51° 3.15+0.01¢ 150.69+1.97
0.5%12 6.00+0.01% 23.96+0.26° 5.99+0.01° 23.51+0.26°
0.3%f=2 2k 5.87+0.02° 26.44+0.26" 5.85+0.01° 25.62+0.24°
0.19%= 2k 5.06+0.02° 47.60+0.67° 4.75+0.02° 62.20+0.47°

2213 Bk LP-C fEAFALIELPF RIS R

STECE 4. B 5 FIE 6, LP-C fEARFEAFESAE T
NS HEEN S 5T LCA-1 A1 LR-D. &l 6. % 4 7
&1, pH2.5. pH 3.0 fi1 0.5%HH £, 0.3%HH £k i) A B
FRHEE pH A TERREEREANE, MR R
pH {5 2.5 I, LP-C & 2 h KR H %P4 2 0.91x10°
cfu/mL, SHIHEIFEE (1.14x10° cfu/mL) AH LR
TAI=ANBEDL, 24 h HERE FECA 5.14x10° cfu/mL,
BEA T 29PN ], Hivk LP-C ifif 5% pH 2.5 M pH

fHIEESIEL LR-D 55, 1Hj2 LP-C fefg K a1 32
FRIEIRES . #5592 8h 5, 1fE5H 0.5%-. 0.3%fHERIK
P LP-C (i 3m T 1.0x10° cfu/mL, 68 LP-C
RENS T 52 S RH AR PR SR .
2.2.2 ZMRIEfe B BS A AR e BR R ) AT

Y = RRIRIHE BB AR E T pH {458 25, 3.0
F13.5 (1) MRS AR 7R 58597 2 h, 8h F1 24 h, if
FORFEAC AT AN R B TR T B AP R .tk
5 A%, PPk LCA-1 ANMM3Z pH 2.5, RES KN &) i
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% pH 3.0, HEMTTSZRE i, Bk LP-D Bef
I NN A2 pH 2.5,  HGEITIN 3266 J1dRck; RS,
Pk LR-D el 52 pH 3.0 MIRRME 4. Btk LP-C fE
BTN A2 pH 2.5 HIEBRMEIAEE, — ARk,
LP-C MR PERE ST . LPC 7E pH 3.0 BRIt
7% 2h. 8h WIS HEAFIEZ 774 64.73%. 81.40%,
PR T R 5 NP 9 #RAE pH 1B 3.0 kL
Wb 37 CIREREFE 3 h AR (T 16.10%-~
46.61% [a]).
2.2.3 =AM B BF ARG IR 2L A 58 A AT
2 HEL ] P B R A PH SRR BE 23 08 0.1% 0.3% A7
0.5%[1] MRS 55753 1859% 2 hy 8 h fi1 24 h, 15HA
[FACFR A N & RIS AR 2. R 6 nlH, =
PREMEIREMT 22 0.1%IIHERIASE, Hoh LP-C 5%
0.1%/HEE IR Jimimr. Witk LCA-1. LR-D J:ASAGRE

i 52 0.3%7F1 0.5%JIHEEIAEE, LP-C BEME KA )it 52
0.5% I HER IR, i =FkeSAH T, HFk LP-C
HIE LI 52 68 118 i

10°
108

310
£ 106
£ 10
~ 10
&
= 10°
w107
10!
100 !
-1 4 % N <
10 0Oh 2h 8h 24h
RPN A] / h

& 6 Ik LP-C FEANESLIRE M T A B EIRTIE AEEE AL
Fig.6 Changes in viable counts of strain LP-C under different
treatment conditions at different times

®"5 IREMRRITHERAE

Table 5 Acid resistance of three strains (n=3, x+sd)

pH 25 pH 3.0

HHk

2h 8h 24h 2h 8h 24h

LCA-1 o 0° o 113543.04  2.1440.25° 0°
LR-D  14.39+0.52° 0.08+0.01° 0 23.65+0.38° 21.63+1.44° 15.42+0.91°
LP-C 0.08+0.01°  0.05+0.01°  0.010.01% 64.73+3.13° 81.40+254* 30.95+2.73
N pH35

At 2h gh 24h
LCA-1  53.08+0.38° 60.50+3.28" 46.83+2.52°

LR-D  57.69+5.35° 38.94#6.25° 56.25+2.40"

LP-C 9375674 84824535 96.43+1.79°

A AR R AREEE (%) AT “ORTAEE; FIFIE, RRAFERTHEAELE 27 (p<0.05). TAF.
* 6 ZHREMAITIAEELRE S

Table 6 Biliary salt tolerance of three strains (n=3, xtsd)

N 0.5%f2.2k 0.3%f2.2

g oh gh 24h 2h 8h 24h
LCA-1 o o o o o o
LR-D 0.3520.04° o o o o o
LP-C  113.75+242*  1.70+0.01° 0.1+0.01° 40.18+7.14*  7.95+0.18% 0.03+0.01°

0.1%f2 3k

Bk 2h 8h 24h
LCA-1  507#0.16°  153++0.23°  0.49+0.03"

LR-D  12.34#1.15° 14.39+169"  53.53%5.30°

LP-C  105.95+0.52° 144.35+10.35* 63.39+10.29°

3 ZHig

3.1 FEIEAT Bk A [ e A A AR R e SIEIR N, G H
s ZERRR 1R A PR SR ) DI RE S, RN AR
At BRI I R, PRIACR I ER 14 1
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32 hRRBMRIEAFEARERERE 7, 5577 72 h (AH [
B LR 50N 25.26%. 22.18%. 22.03%. 14.06%
F1 13.66%, Bk LR-D. LCA-1 il LP-C P& JH [ %
RE /¥ T 20%, DR = #k A THE—5sa. 1E
W NI B pH {87 1.5~4.5 2 JA], ##k LP-C Il LR-D
AILAR 52 pH 2.5 (IRRTEIASE 2 h, 1] DMRIE— g 4=
(VS PR R IR E . B A B 238/ N . Hikk LP-C R
BETSZA% pH {EX5E, FEPk LR-D REBEFEI R NN 32
pH 2.5 [k pH {EHMI5, 1577 8 h B LR-D HITE R ECR
R, 10 LPC 7E pH 2.5 [ M i 5 7% 8 h (1)
TEHEHCN 9.1x10% cfuimL, B LP-C i 32 i 3R
RE/JiET LR-D. HiK, Btk LP-C HIMHERAE I lT,
REREITN 52 0.5% R IH R, Witk LR-D M EhBE /1A
J LP-C. H¥k LR-D 1 LP-C T MiiHER6E JidT,
Etk LP-C ZEm % (pH 2.5). @iflEdh (0.5%) T
597 24 h RIS AR R, A2 LP-C B
BRFE N EE. A ARRHEYIAFEEAR
SE HIRR SR E O RE 010, SACSIZIG 45 AT, ok
YA LP-C v DL TE— Pt i 5 K.
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