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Abstract: High blood cholesterol is a serious threat to human health. The cholesterol-reducing rates of 22
Enterococcus faecium strains were screened by the saponification —colorimetric method in wvitro, and were
found to range from 85.93%~21.25%. Three strains with better bile salt tolerant activity were selected for
further studies. Among them, the acid resistance of E. faecium SP5-6L was poor while strains JS2 and
ML13-5 were able to survive at pH 2.0 and pH 3.0 for 3 h and in 0.3%, 0.5% and 1% bile salt for 12 h
without losing their viability. All three strains had a high activity of bile salt hydrolase. The cholesterol—re—
ducing rate of strain ML13-5 was increased from 52.71% to 68.01% at 0.3% bile salt. In addition, three
strains had no hemolysis, but with a different sensitivity to ten kinds of antibiotics. This preliminary study on
the mechanism of cholesterol reduction by E. faecium provides basis for its further utilization and for devel-
opment of related functional foods and drugs.
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1.1 #EEIRF

A GE I A 22 Bk DR Bk B B2 AR i T
B I TR A w2 5 HOR 2= B by AR A= e
HE,

ST SR R MRS A 7 K 5% 3 (pH
6.2+0.2, OXOID 2> ), % [H); MRS ok B 8 3% 5,
G R L) [ A O A A A R R i rpE—
BRI, JH & A R 0.192 mg/mL, Hi4y MRS 54
FEIELH A BIAAS MH B35 5L R BRI
YR PR A ]); BHI Fi SRR (b st B A AR 4L
RABRTAE )

SR A B R R s B A
HARARTHEL ), I 4E, 56 E MREDAZY
"y Ml 4 RIEAL TATBRA R WL (F R
JNARATAE R BRA ), 2R IHER b st B R A )
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A B2, H 2 IAERN (IR A IR A BR A

H)); AEREHERAN(TCT A F], HA),

SIS E VA TR : FeSO,— 7K 2 1R — Mk B iR
a5, F FeSO, 100 mg T 1 mL Z&1R/KH, FHm
A 100 mL K CTRIBA T, SR)5 5 100 mL kA
FRNZIR ST, Y- 5 s IR BShr M, A AT
B 0.192 g IHEE, FHZEMKERE 1L, B
FE 0.192 mg/mL B9 AH [ FEARHETR, 2R J5 16 B A R
U EHUCH 0 mg/mL.0.048 mg/mI..0.096 mg/mL .
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1002N HLF- - i SRR A R A FD); 4
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1.3 FHik
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P RREE D 2452 A9 MRS AR B F2 56w, 37 Cif
BRSPS
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W FOR G IR EEN G B R 0 R IR [ v B, b 3R
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BSH i M1 A S AT AN B 7 e an R s 2k 5 i T
PRIEAN 254 1 mmol/L A H 22 IH R 4% A 4F Tk JIE
PR e R A fif MRS ARG F2 kb, 37 C & B 57
24 h 5, 7€ 1 mLFES A 6 mol/L HCI {4 i
PRk (21l BSH VMR ) . H 2 R ER BN 1E M hr
pn A E o 7E 1 mL BRSSPI 4 mL RN, 7©
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85 CTZ& R, Bl g AU ER R IOy 3 i i A
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L8 BN I KA R 202 nm; £ A EEE] K 10 min.
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Table 1 The cholesterol-reducing ability of 22 E. faecium strains
Strains OD s o S/(mg-mL™) E/(mg-mL™) R/(%)
SP5-6L 0.015 0.027 0.165 85.93+0.38
YYH4-3L 0.020 0.036 0.156 81.37+0.42
JS2-2 0.022 0.040 0.152 79.20+0.04
LCHS5-1L 0.023 0.040 0.152 78.95+0.90
JS9-1 0.024 0.042 0.150 78.15+£1.07
SP3-2 0.028 0.052 0.140 72.95+1.08
SP5-1 0.033 0.059 0.133 69.35+0.33
SP5-4L 0.034 0.062 0.130 67.59+0.86
YYH4-2L 0.038 0.067 0.125 65.10+0.82
JS2 0.041 0.074 0.118 61.48+0.40
JS10-5L 0.045 0.080 0.112 58.58+0.69
ML1-2L 0.045 0.080 0.112 58.58+0.69
JS10-10L 0.046 0.082 0.110 57.44+0.38
ML13-5 0.050 0.091 0.101 52.71x1.11
JS5-12L 0.052 0.091 0.101 52.47+1.15
MLI-3L 0.052 0.091 0.098 51.22+0.62
LCHS5-5L 0.056 0.100 0.092 47.90+0.12
KY2-3L 0.057 0.113 0.079 41.24+8.23
YYH4-5L 0.076 0.130 0.062 32.25+3.75
SP7-1 0.076 0.130 0.052 27.04+3.62
JS12-6L 0.080 0.148 0.044 23.12+3.96
JS7-6L 0.087 0.151 0.041 21.25+2.50

A S A LANER BRI, B ARGIEEREGRE; R AR BELRE, K PRAH N 3 RER P A,

Bp n=3,

Notes: S: The concentration of cholesterol in the fermentation supernatant; E: The cholesterol removal amount; R: The choles-

terol removal rate. The average value in the table is the mean value of the 3 tests, n=3.
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Fig.1 Influence of the bile salt on the cholesterol -re—

ducing ability of the probiotics

2.2 REFBREM RS RE EL AL 150 BSH & 1E
A 3 A R 5 3 P S IS [) 4 R A v ke
PRITIR AR ER XX 3 MR AR K 520 o ZERTIRGS
J(F 1), SPS-6L TR AR HLAT 5 = A9 fIF 1 1 25 Bk
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Table 2 Acid and bile salt tolerance of E. faecium strains (log cfu/mL)

Acid—fast ability

Bile salt tolerance

Strains Initial biomass

pH 2.0 pH 3.0 0.3% 0.5% 1%
SP5-6L 13.03+0.05 - 7.56+0.01 7.17+0.08 -
JS2 12.50+0.07 - 6.75+0.06 6.84+0.07 6.88+0.09 7.29+0.02
ML13-5 12.27+0.30 6.75+0.08 6.68+0.05 9.06+0.07 9.88+0.10 9.37+0.83
APy 3R TR P, B n=3; R TFERIUFEA LK,
Notes: All the values in the table are the average of 3 tests, n=3; “~” indicates that the strain had almost no growth.

AR AT DA T Sz B P A BSH V& PR A8k, 6 3
25 R R, 78 SP5S-6L.JS2 ML13-5 iX 3 FhEE#k
R gR e B g b 0 H A AR R AN VR KR FRAIG, H
1 mmol/L K5 0.28+0.05 mmol/L, HiItIFEHIIX 3
PRI EABE A BSH 151 . Anandharaj S5 5%
UESEFUFT I & B R R TE & T 2 I R i PR 45
FeJa, W2 MR8 ) B LN 6 mmol/L [ %
1.25+0.12 mmol/L, HILIESEX 3 BRBR I ER B 2 A
BSH &1, HAEMEAAESMT, MR EA —%
(AR ARG 1

®3 RIFKEFRBEREMREE
Table 3 The activity of BSH of probiotics

Strains  I/(mmol*L™)  E/(mmol-L™") Degradation rate/(%)
SP5-6L 1 0.28+0 72
JS2 1 0.33+0.03 67
MLI13-5 1 0.23+0.04 77

E: RV BALY A 3 R FRAFHME, B a=3; T AT
IR A4 3R A G R BRI, BT R TR R R
BAR A P R AR

Notes: The average values in the table are the average of 3
tests, n=3; “T” indicates the concentration of sodium glycocholate
in the initial medium; “E” indicates the concentration of sodi-

um glycocholate in the medium after culturing.
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T R B, SCHR BT 3 FR I K R
ToHs I, FAG R MR, AL A
VIR, PERHIX 3 BREAAS 7 AR 1 I 2%, % AR AH
X4 (& 2)0

PR BR RGBT A 2R B SR I 2 SR e B
X 3 PREDN T R R R AP, SP5-6L
DAPRAN JS2 TR X HERE 28 PR KB R HA s
b, SPS-6L kX 2~ 5 55 R HA Bk, mxt
oAt 5 FhboAz 2R IN Pk JS2 T Y
g HAG U, XA A Bk, o A 4
FhbiA: 2 R B Btk ; ML13-5 BEARXT 24
B 2 HLA BB, X R R Tk,
T oA 6 Rk = A PR 4).

(A) B)

B2 ZHRBREONESERFAREB)NHEERSB ML
Fig.2 The hemolysis of the three E. faecium strains (A)
and the Staphylococcus aureus strain (B)

&4 REREHTANE

Table 4 The antibiotic resistance of E. faecium

Antibiotics SP5-6L JS2 ML13-5
Ampicillin (10 pg) R I S
Norfloxacin (10 pg) R R R
Tetracycline (30 pg) I S R
Chloramphenicol (30 pg) I I R
Rifampicin (5 pg) I R R
Vancomycin (10 pg) R R R
Erythromyein (5 pg) I I R
Streptomycin (10 pg) S S I
Gentamycin (10 pg) S S R
Teicoplanin (30 pg) I I R

ME: R M TP AU S ARG

Notes: R: Resistance; I: Intermediate resistance; S: Sensitivity.

3 #ig

M L — EL IR BN R AR, 5
RHARBI B FNGY 7 I 0 e Ja . gl
22 DTS AR, EA 780 A IR IE B FLIR
AT LAA S5 AR Sl S N AR I T P K P R
B 1) PR TR R L Il 7 4 1 PR ATL o A b =2 —
Je: ZH B AR R BSH AL A5 & BY IR e 28 il 2
TUREER, Jo -5 I A LADTTE L aCHE AR,
T 25 B A ER A A A LT P 7 - 4 H 2021

ABIFFE T IE FH Y 22 BRBR I BR T B A A [ 72
JE PR SN A I I B RE D (3 1) AR AR LI 52 i
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{2 ol N 6 R i 2 R a2 e X N ) N O 5
i,

Jo B3R T 16 6 W B35 65 R0 & I 7 1T Rk 5 SR B AR
PR, i H AT A 2L 3 00 i 38 T A R AR
TP, (H IR R B 5| A — 28 N800, 1
TN HILAE O PR AR A SRR e > 24, (R I, A SO}
SP5-6L.JS2 ML13-5 3X 3 ¥R & S0t 1 7 1 1 3k
B APT 2y P, 25 SRR X 3 R TR G A M,
{2 EATTX 10 Fi A R 1 U AR A ], I
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XL TE AR A FI AR A9 A 7 R H o
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