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Abstract: This study aimed to screen a strain with high cholesterol-lowering effect from traditional fermented yak yogurt in
western Sichuan province and explore its therapeutic effect on hypercholesterolemia. This study focused on 295 strains of
lactic acid bacteria isolated from traditional fermented yak yogurt in Western Sichuan, and the lactic acid bacteria with high
cholesterol-lowering ability were screened by ferric ammonium sulfate method and o-phthalaldehyde method, and the in

vitro probiotic characterization test and safety evaluation were carried out, and the cholesterol-lowering effect of the strains
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was evaluated by establishing a mouse model of hypercholesterolemia induced by high-fat diet. The screening revealed four

strains exhibiting favorable cholesterol-reducing efficiency and efficacy isolated from 295 lactic acid bacteria. Among the 4

strains, strain 166 had the highest survival rate in simulated gastric fluid tolerance assay test, and the number of viable

bacteria remained above 5.3x10° CFU/mL after 3 h of incubation in the simulated intestinal fluid, and it possessed a good

bile salt tolerance performance, with a hydrophobic capacity of up to 62.3%, auto-aggregation capacity of 18.65%, which

was identified as Limosilactobacillus fermentum. In addition, strain 166 was evaluated negatively for harmful metabolites,

no hemolysis phenomenon, no gelatin liquefaction, and showed some resistance to eight antibiotics, which showed good in

vitro probiotic properties and safety. In vivo experiments in animals showed that Limosilactobacillus fermentum 166 could

significantly reduce the serum total cholesterol, triglycerides, low-density lipoprotein cholesterol levels and atherosclerosis

index of mice, effectively increase the content of serum high-density lipoprotein cholesterol, and effectively improve the

Lee's index, liver index, perirenal fat index and abdominal fat index. Therefore, Limosilactobacillus fermentum 166 has the

potential to be developed as a functional probiotic product, providing data support for the prevention and adjunctive therapy

of hypercholesterolemia.
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R, B SEBRR I J1. R 227 7EARE pH 19 S
FRIAEE T, A5 AR LAERFAE 15%~30% 197 [l Y,
TR B E TS THEER 121 1 160(P<0.05), TE4% pH
Wi as b e . ok, dEECEE R 166 FURE R 227
PTG SE 22 B 1 o

3.5
pH

B4 4 BRRFNEAR 3 h S N LB G5
Fig.4 Survival rate of 4 strains of test strain in artificial gastric
juice after three hours

2.2.2 BRI SZERESE AT B AT
AR I R R I A AR X R
PRI IR (pH=7.6) . PP AR (/K R 1R 52 &
Yy, MRS SCHRHZIE , B/ N Y 455 B3 s () 38 5k
1~4 hB°L S R FLER TH AE W A ¥E 25 A= Tk, 4ede
% 1A 0 B S0 GBI B, TR 2 EL A X R W A b
FIIEN HE ST ARl 5 AT, Bl B3R Ta] AV FE I, B
R 166 Kk 227 ZE N T W A9 TS R ECEE BLH 1%
TR ER S, (BB B RHESET- 5 . 7137
3 h JEWIRR A I PR B SR PR FFTE 3.8x10° CFU/mL
AL FERGFE 4 h 5, BARTRER 166 MRERA R &4

e, AHHE REUIER I 3 = TR bk 227(P<0.05), H
TG RA 35.81%, U R B ARER ELA K 2414 iz i i
ZVEfE, (HEERR 166 X N T Mo it 52 1R s T
R 227,

—— #1166
15 -8 [FHiK227

TG %L (<10° CFU/mL)

FrgEmt i) (h)
K5 BEbk 166 FIRRK 227 76 AN T h HE % 5 077 B8
Fig.5 Number of viable cells after strain 166 and strain 227
cultured in artificial intestinal juice

2.2.3 BHERAHELI 2 PERESE ST HHERAE M AE T
KA S WM BEAIAZ oSy, A= i R
TR 5 H &R sl A i PR 45 A ik, FE AR/ Nz ER
o, ARER R S B Sh A AR Ak, 3l H 4ERFAE 0.03~0.3 g/
100 mL B IX[E]YEREINPY, B El 6 AT, Bl IHEL7
W E B A Th i, BIRR 166 5Bk 227 IS =%
PR s A, YRR AL TR ER R BE RS, 1 PRI
A FA R B AR X - 22 5 (H Bl 2 AR ER A B384 I, BRTRk
BT IR ZET G, 1 BB . M ARER
JERF] 0.33 g/100 mL B, BEER 166, 227 MG AT
IR ZE A5, S 1.9%10° CFU/mL F1 2.5x10% CFU/
mL. 7RSI R T, Bk 227 BOTE BEECG AL
TR 166, (HPH 4 B K 4y a0 AR ER i 7 P fE,
B R HAE Wi 52 A A A PR Hh S A s R L T
EEDALINE e/ T

18
16
14
12
10

8

—— AR 166
—o— THkk227

THH AL (<108 CFU/mML)

(= S o)

0 0.03 0.08 0.13 0.18 0.23 0.28 0.3
JREEHE (2/100 mL)
Bl 6 Btk 166 FIFR 227 7ERREE F 8532 5 AT TRIAL
Fig.6 Number of viable cells after strain 166 and strain 227
cultured in bile salts

2.2.4 BRRBUKTERES AREREIILI R FLIR
[T 01 N i S =1 i B v 2 L N B W gz 2
FhIFHAEG SR, BEA ORI S IR o, R E B B A
RBAHET . ITAEIe, A R ISR B HAEPEAS 20
I EE T RE T 00 Sk br . IR 7 vhnT IR B
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Fig.7 Hydrophobic ability and self-aggregation ability of strain
166 and strain 227

R 166 FNEkE 227 #EEAT R 4FMIB/KEE T, 53500
62.3% Fll 54.4%, FHELTT 5, BERR 166 BiK DT
k227,

FI IR B HE 7 2 25 21 B K 44 25 25 DA ) S s Ry
AIE, AN AN B 25 BRHRE 7, 5 i 25 HA e g 38 1) 52
AEES, NEIHR AT DA Y, BERR 166 FIEERE 227 19 H
WRAERE 10979 18.65% FlI 17.08%, Xt FLiii &, itk
166 I RAEERESIH TR, L34 PRAR N W R LK 5 R
(S T B AN IR 2 A e, e PR RAR 166 VEA H AR
KRIEAT B —230060, TERR 166 285250 = Al % M
KRR B
23 EMREMITNERSHR
2.3.1 WIS LERIMT AT R, TR FLIR P
TE R B B o = A A7 AR = 4, anng| g | s i 2
5, T fEHE AR, BER 166 15| sh o5
SN 8 s, AT S Bk 166 141K 1 B
(o K ARk, 58 P ) BEZH 90 1 2 (0 — 35, B H
BRLT (0, P M BITESS SR . LU, & kb LA
P 166 1A= K ad # AR AR A= (&R i, ASRE
fEEAb SR 53 i s W

K8 Bkk 166 MM LG4 5

Fig.8 Strain 166 indole experiment results

2.3.2 FHIERLERIMT  AERLEREE ST, o
FURR B AR T AE 23R B I, AR 1M 57

P B FRI A I AR P DA 2 6 FA E 0 S i i ik
S5 RANEL 9 BT, BT I BT 1 7 S Bl L B T i
MLER, Ay -1 I, T A PR FLAT B 166 IEH A1,
B R I ICE VIR B, AN I

n

-

Bl o Btk 166 W iM% B
Fig.9 Hemolysis of strain 166
T A P MRS 8 (R AT BRI B: A BERIRFLIT I 166 %5 .

2.3.3 RHEPRBURFEHE MEIRI L R SLeZLiR
B AT AT b 2 SRR R T, A 2 SR 1 R S
T A= AR I ) AR P e I T, T A= ) e e B0
N-EAH S S B RTAAR )5, X NIRRT 6 AN R
SO DR MO LR B A T SR S IR I T R )
Bt o S BEIRIBRBHE XS an & 10 Fros,
AR 166 1) —Fh 2 SERR A ARAT H A8 R B 0, %
T SR R PR It A It 52 I Ay B, L B A A R AT 1
166 Ay H 2 FEFR IR T, A 2s i i AE VIR R

: e 3 i e
10 bk 166 ZIERIBRFHAE

Fig.10 Strain 166 amino acid decarboxylase activity
2.3.4 THLGHAGINEERIIT Wk 3 PR, WK,
PO PR 2R | BT a5 5 2R 1218 3R %) R I R R L AT TR
166 774 1 H s Pl (AR T E bR B 4T
P, XPEERE R . RIREE 2R . J7 i R R AR AN
AR R, AR R B BTt . BERR 166 Xt 8 R
AR 2y, L2 PR B UAT B B AN B L, (BE
AFSRIE I, TNZGPEASE R T Eomtt. AR
AL 25 BE D T A PR BT AR 166 (dT 2842
2.3.5 WIBRRALIREELE R orPr - wEoERm], Haa Wi
WK B B AR E B BAA ORI RENY, v Bs Ik RT g
M) 2e A, MBI AR 166 SE4T T B AL I P-4 .
L5 NE 11 FR, BRR 166 525 FIZHEE R —3, 1
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Table 3 Test results of drug resistance experiments

A KBRS AT 166
LA VB 1 (mm) HORPE
% % (PEN) 8.31+0.52 R
e R (STR) 0 R
FIREF (KAN) 0 R
T8 & (VAN) 0 R
VYA (TET) 5.31+0.13 R
F 7575 % (AZM) 7.15+0.16 R
217 % (ERY) 6.08+0.21 R
WU 2 (NOR) 0 R
7E: R—i 24

Fl 11 itk 166 BB ALSS

Gelatin liquefaction results of strain 166

Fig.11

AAfd B e A BRI R i Ak A A, P25 T R
R 166 myLe4t:,

2.4 Bk 166 SSREIRER/NREMWAARER ST
2.4.1 /PNEAEFNVEARR SRR T G HE],
7N ER AR I A BRI 2 /)N B BORE pif =
JBE | ERAIRSE SISO, Ui PHE B & Bk LA
166 RNex/INER=AERERIVE- .. a3k 4 iR, 454118
/N AR EIS IR T 9.17~15.51 g X[a], S e
AL T 216.28~296.45 g Ju [F, 1AL R FH R 4 e 4
4.24%~5.23% Z[a], EiE s AR IR /N R B 1<
HAT W IR (P<0.05), iR 4/ Bl R RN
PULH e o PRGNSR ZH /)N BUACER Bt s i IR 4 A T
B, AEA T BH M ST R 2H, H 22 FERAS B 3 (P>
0.05) , 1H A4 55 #8% in 1 e I TR AR 4/ B (P<
0.05) o BHAH:XT HEZH /N BR s 24 B R4 J 484 in g 44
BT E B4/ NE(P<0.05) . REAERALTT 252
PIFIERER 166 HRReA ZEMNE AR/ NRAAE, 5 Park
SRR PSS RIS AEDELR AT I, = A4 /N B

AP R DU 2 v, TR A AP 5
TR TS IR, (EAAATE B ME2E 57 (P>0.05), Jf- H.
FERREGZHARAEA HIRIAE] T 5.08%, B w5 H
ZHAFNBHAEXT FEZH (P<0.05), UL HIRE B BT 1T BEIE A 24
Fa/ N EROCHRPRBH R TH AR, BEmER iR R 25
BRI, KRR FLATTE 166 AEAZE & /N ERUE Ak, 112
HERG WSS, B AL IR i B A A ER TR RR 166 15
NIRRT —Em R

T4 KU/NRA PRI R RR 5
Table 4 Body weight and feed utilization of mice in each group
WIAIAE  IRARE REEINE BRER AR
(g) (g) (g) (g) (%)
AL 28.15+0.19° 37.32+0.65° 9.17+0.54¢ 216.28+1.42° 4.24+0.24°
FIRAL  28.41+0.47" 43.92+0.61° 15.51+1.28° 296.45+7.24* 5.23+0.34*
PE XS IR 2 28.25+0.34° 41.28+0.58" 13.03+1.30° 290.81+3.56" 4.48+0.21°
AR ZH 27.8740.16°42.2441.01%° 14.37+1.18° 282.73+5.21°* 5.08+0.42°
1 RPN NG F 3R 25 57 .35 (P<0.05); 5T .

fa ol

2.4.2 /NFEHMES/KESSROYr  HEHREIE], N
B KOy i A8 k& 12 s . 25 A4/ B3
{8 F oK mARFRAH N F2 e, JoHH B A8 1k, 7 37.52%~
39.83% Z [BIVE BN . =G LH /N B AE 5 /K 2 2R
T, BB hE & 34.83% MU K EIE S R AW
19.41%, AN BRI AR kb 2 S 38U T,
IRGTIE 5 BRHE T BEZH /N RS rh B /K AR S R
¥, HAESE 21 d BPEEEr R, HEgr B ndasms T eilg
21, iU A AR A A IR AH G I T 7.53%, R AT T
HZGYIReS e — B R B InE IR IR /N h
7K i, AT A DS s BB K B | S Y 2o 452 )
AL PR EGZH /N BRSE A S /K AR ARAR /N, FEAS LR
faxE, HAEE 7 d FFUR A B T s e 2 N BH vk %) fi
2H , 16 4 o -t 2 v IS A R B T BE £H S5 S 1
T 17.80% F1 10.27%, BA 2 5(P<0.05), 5
25 FAZH/IN RS Sk B0 W 35 25 52 (P>0.05), 35U B
1E. 25 EPTiR, BkR 166 AbHEEENS P35 = NS e T
F /N BRASAE TR ), I 2 T/ BRES A Bk
e, AR e H TS IAE /) B S A RS

SOT syl - BIEXT AR
—~ R4 - IR o
a a
Vi >+
g ab a a a
i 30 1 b b b
3 b ¢
Ny c
20 F
10 | | J
7 14 21 28
7] (d)

K12 /N &
Fig.12 Moisture content in mouse feces
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WIS LY Lee’s F8 05 BHMA: X BRZH TC i 35 25 5+
(P>0.05), 1H R LT =g 525 F4H.(P<0.05), 3=
I & BERG R FLAT A 166 nT REIE 47 AE R G Ea s
b/ BRI PR 8™ A i 25 e E O

F£5 S/ Lee’s 1%L

Table 5 Lee's index of mice in each group

RN %) 8| Lee’sf54
Ey=E 15.98+0.67°

[ lec 16.08+0.64°
PR R 15.04+0.84°
[EpiaE e 15.13+0.34

2.4.4 /NEIERSFEEC WE 13 R, U/ NER O
JUE . G AZ B A4 B A T A e e i oK, A
B EMHE2E 5 (P>0.05), FEHRE B AR 166 ASXt/
B il BH B O BEmIVEH, 325 0EBH T R ek 2 LA
B 166 M4tk AT PR B B0, W= ig 4 2 B
B BUE, FRPEXT BRZE /N BRI IEFS B T = AR g/
B, (2255 R B 38 (P>0.05), T B W56 20 /N B A AT
HEFEEC R B2 37.80 mg/g, AU LT SRR/
PR E(P<0.05), HAZBHTEXT BZHAT F—20 it
TER, 525 A4 JC 3 22 5% (P>0.05), 3 B B AR
166 7 FEALG i A [ f5 A /) BRI R A [ P A 82 7 T
HA BEHER.

60

a4
50 - B mlied a
B BHPEXT IRl )
40} W L
on
E 3ot
=
o0t
10

i o
OE E HEIE

HEFONE s B JE N s
K13 254/ R BORUIR 746 %X

Fig.13 Organ index and fat index of mice in each group

Sy HTREDIFEHUR B, v AR 4N BRI E B AE i 48
BN T B W7 8 B 2 R T as X IR ZH (P<0.05),
I HAER R WA b v, 4 Gk 2 T 31.24 mg/g i
9.86 mg/g. PRI IELH /N EUE FRNB 8 or & JE 1R
5 8 BOAR 58 T BHPE X BB 2H R v IR 4HL 3 52 F [ ta 3,
H2E 7 A3 (P>0.05) . 4530, BE H BEHk 166
AERRAK S IR/ BRI B AR, Ut D E I L U358 A B s
N7 AR B, RERAR O 1M1 575005 IAURS: , A 250 /) Bl At
2.4.5 /NERIMEFEPREE R 0HT  BHIE 14 7750, &ShE
ZH/NERIMYE TG 1 TC & =435 28 2.56 mmol/L
4.42 mmol/L, .3 & F 25 H4l /N TG il TC & i
(P<0.05); PHW XSG ZH i)/ BRI LW TG TC & i
4332k 1.57 F1 3.08 mmol/L, i EAK T &5 ig 4H (P<
0.05); T FHMHXT FRLH A 1LY TC &5/ 2.8 mmol/L,

R T R R 98 4 (P<0.05), TG &% & N
1.42 mmol/L FHAR T M3 40, 22 7 4 I 2 (P>
0.05) . ULHARE B B 166 A LLFEAK M3 & TG
TC W& &

0r a SEELl
B
B B IR
(R o]

TG TC
Bl 14 A2/ TS P s

Fig.14 Serum lipid content in mice in each group

ENEH/ NI HDLC &8~ 0.98 mmol/L,
B AR T HA = 4H (P<0.05), W IR 4H &8N
1.8 mmol/L T4 75 T BH M%) RE 2, (B3 A i & 22 7
(P>0.05), IXPHLAMINLYTE HDLC &1 525 H4A M 1,
ASHERFAE RS R KT, HAFE B M 22 5 (P<0.05), UE
B % T35 1L 3 P HDLC 5 e BT — 2 B
SR/ NS T HY LDLC & d% s, 4 1.6 mmol/
L, B3 & T2 H4 /MR (P<0.05), BRI 2H A H
PEXTHRZH LDLC & & 435125 0.74 F11 0.68 mmol/L,
HAR T = AL, I HAHZEAR K, A i 354 (P<0.05),
BRI LDLC Al T BHEiR g6, 22 5
RHA . DR S K 166 BARVEAMIET HDLC
T LDLC & ik B # K, (B8R A — 2 1Y
SEMVEF, X 0T B SR80 A — o R

aiE 15 o, AR /N B AT E R, 153
T 3.51, Hak BRI ZH, AL{E N 0.71, W EMT
SR /INELEY AT B (P<0.05), I H 5 BHHEX FRLE A
fEAE W22 5 . vl LIS a5, RIERIRFLAT B
166 A] LI 1ML H LDLC. TC. TG 19 & &, R}
& HDLC & i, 76 sh Kk R A5 o5 T8 7 1
I S ST, X e v L U )S BR Ar fg Btk
BLHA —E M ER X .
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Fig.15 Atherosclerosis index (Al) of mice in each group
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Fig.16 Cholesterol content in mouse liver and feces

R /N BR S AE o AH B /K SF-45 2 P 20 35 T
=1 (P<0.05), 353 0.33 mmol/L, FH X B8 2H 38 iH
[ K24 0.37 mmol/L, Mg T JE4HH J0 B 3
P22 5 (P>0.05), 3 & F 25 40 1) 0.20 mmol/L
(P<0.05) 5 B& W 56 20 /)N BRLES A AR [ 1 /K S 15 ik
0.43 mmol/L, 355 T45 L4l . &5 52 A BE P X RE
2H(P<0.05). FHWERE 166 T-FUS GEA R/ e e
[T PSS i /) BRUIR [T S P v ) SRR, (e 25 AR [ s
g 18 HEM, AR T BHPEXT B8 25 9 AR AR VT, BRI AR
166 FEEHH BE A %) 4 A0 3 sl SR, HCA e RAEALC A [T iy
A B, X 5 TR AR TR A R —E .

3 4Hig

ASHHFE M PE AL 58 & R R R FL 43 B 4 e Hh
M4 295 MRFLIR B Hh 0 06 15 21— AR KA A [ 5 6E 7 3500
HEA By as A MEFZe PR BRARR 166, HAN [FRERE
fILZRIEF 58.00%, 7 M7l ¢ AL 58 &K IE A 1R FL
Io4 JEL [3] st 2L 7 AT ) B 5 7 TR, TRTAR 166 174 JIHL [36] P oae
IR FIREARRL T 1#RAL TR 7K, BAT— 2 N FH T
J1o GARIMREE TR 166 HAs Rdfak A= rEfn e
AV, SRS IR, R AR FLFT TR 166 HE!
FIEAR/NERUIMAE TC. TG, LDLC &3 & AT {H, A%%
¥&% HDLC &, I 80ekE /Ml Lee’s F8%L . HTAE
FEE. RN TS BOFNE RN FE 20 . AR 5T R
PRI 166 Xk vy AR [ P ifi i /) BRUSE R LA R A1) 25 2E
PERE, WA IR T TR EFLERR U, i+
T v IEL [ s S E R AL TR IR 1] o
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