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In vitro Screening of Cholesterol-Lowering Lactic Acid Bacteria and Study of
Their Properties in Yogurt Fermentation
LIU Jian—li, YUAN Feng—xia
(School of Biological Science and Engineering, North Minzu University, Yinchuan 750021, Ningxia, China)

Ahstract: This study screened for lactic acid bacteria strains capable of efficiently reducing cholesterol that
could also be used for yogurt fermentation and colonization of the gastrointestinal tract. The cholesterol-lowering
activity of strains were tested using o—phthalaldehyde. Yogurt fermentation was evaluated by sensory evaluation
and texture analysis. Gastrointestinal tract tolerance was determined based on the survival rate of the strains in
acid solution, bile salt solution, artificial simulated gastric juice and artificial simulated pancreatic juice.
Candidate strains were identified based on 165 rDNA sequence. Of 250 strains screened, eight lactic acid
bacteria strains displayed cholesterol-degradation rates exceeding 409. The strain with the highest cholesterol—
degradation rate (QingA16, 54,64%) also displayed the highest sensory evaluation score, the most yogurt
fermentation texture indices, and a survival rate exceeding 40% survival rate in four simulated gastrointestinal
solutions in vitro. Molecular identification revealed the strain to be Enterococcus durans. This strain is a
candidate fermentation strain for functional yogurt.

Key words: cholesterol-lowering; lactic acid bacteria; fermentation yoghurt; gastrointestinal tract; tolerant a—
hility
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IR A 77 K, PR L R A o e o 7 AL R
B EE, MBS AT, BT, ©MIFIERIA B4 u e
KL BT T8 B R S R AL AR
J 4 2 1 i B SR, M PO SR A BRI e 4}
TR0 O 2 PR L TR FLRR B . IS b ol T L B
RE 8 7K A R K e AR, 7 A P A REL T AR, AR UE
1L T 5 25 {4 A e B 1 2 ] 4 B WS
P 5 o 2 L BT M E A P O il , 2 i T
MR,

LA 2 R L 09 A A ) REPL B T ke, 7T LARD
FEEIRY IR, BB B TR . AR HATE TR
0 ML 5T R PL R R PR R A RO BP0, (B D B PR B IR
B R AT AT , T EL LA B S0 R o bR A RE
FTRFALRZMGEMRD . RESHXARGESFI
PR R 2 £ o by SE A, 77 R A L A 4 B 1
RRENIE , 7E 2 i B ARIR BT A B i TRl iR B AR IR
CURRLRZS, B, fE e SE R B R B
FHFE BAFONR A MR, 45l LARTH
MACEEFURR B AR Rl 2 B 250 BRTL B A o Rt
BB, i e EL RS eI [ B AR 1 bk, JF PR I
FARRFLARERHE S Fks ¥ Rl T 24, 9 T 2 Th e
KRBT BCE IR .

1 #E5HE
11 AR S5idN

250 PEFLEBR P BE . BT S VUL W AR LT
A b PSR L IR L K R Rk
fE G LR B G T A B , 7 B R A B f A
PSR R S5 A H 503 = -80 CIRAF .

FE FE W (424l ) . R E Sigma—Aldrich 23 7] ; B
FIE#(250 Ung) - AL FEE A 91/ F] s B B A(550 Ulmg):
At in AR E A A R A M B AR .
HE Oxoid 247 ;40— RE({h2esl ), Rtk
ARAE ;S AR . T HSEESAE; k. -
WSk A YR BE BRA R ; AR S SR A
HEH it 4025 PRl A BR 22 ] ; 2xEasyTaq PCR SuperMix
(+dye) :db3 B ARG RAF  HILE 28
WA AP T R RN 2 R IR
R-80. BERR Sl 87 . R RREE . MiM4E BRMR TS . XK Z
B UL EE ey, KRR R E A S
FFRIPLLA RBEA A
1.2 {UHRS5EE

TMS-PRO B [fi#{¥ . 3% FIC /A7) ;NDJ-8S %
LT 3 BE AR L A0 F) ; S1000 B PR HHE A2

BEH #{L(PCR {%): % H Bio-Rad 24 7] ;1-14 F &5,
P URELOHL: 2E Sigma 227 ;754N EHMMEE
FETE: bR AL AR (AT R4 | s ND100 WX - B
WAL B A PRA T MI-54A £ BB T AW EXRE
AR AR A (% ) A B R ; DYY-12C sk
i Ab A —E Rl ErA RA A

1.3 ik

131 MR IR AL

IER 1 R O W - MR PRI 1 9K 0.1 g, K L BE
EA 100 mL,BA.

AP PR MEF AR SR PR 0.05 g, m
TKZBRIHREAE 100 mL.,

509% KOH ¥ : MEGUFRI KOH Bk 50 g 8T
100 mL FEAEAKH

BRI : &% SURR[16-20145 T Bl , 4 Bk
i pH {HIE 2 3.0,121 TT K 20 min.

JRER B - 22 SCRR[ 162014 B ek, /I 0.3 ¢
fRER K ARES S 100mL, F 121 T FKH 20 min,

AT AR B 38 . 25 SRR (162014 Frfds i, A 5%
NaCl #FECHI 3 mg/mL B E AR, W pH {EN
2.5, S LI IR e S .

A TAUBER . &5 SRR 16-2014 Fr e, FH 5%
NaCl AL H] 1 my/mL BREE RGPS AL, A% pH (BN
8.0, £ P FLuE T BEBR B /S &

ol HFL ] RS 35 6 - MRS 535 oF KT A B v
JI0 EEE R 0.1 mg/mL,

132 RAIMRT e e R T e ke
1.3.2.1 I st of o 8 A il 4%

4% SIS0 TR L 100,200,300,400.500 wlL A 4 A
T 10 mL AR, HAHOKZEES, Bl
10.20.30.40.50 pg/mL BFRAET . 500 0 025 B E
W 1.0mL, TOA 10 mL %, I AR T ¥
W, SRR HERIN A 2.0 mL 452 — I BERS I, IR
oA iR, 7EE R 25 CTFHE 10 min, HIA 1.0 mL
R, R4S, B E 10 min HE 6, I 2.0 mL 48
AT HEEWHRIINA LOmL MREEER, AEFE 25 CHE
B 10 min FHERAELIAE, FEW 550 nm A E
FOBORRE, LS R A R A4, I 550 nm AbFY
B EE AR, 2 Rl prE 28 , RE 07 Bk Y=
0.0229X - 0.018 4,R*=0.992 9.
1.3.2.2  THERREAE B ERE e

B # A4 E bk 50 L HEA 5 mL MRS PR IR3E
1,37 °C 100 v/min $EIREEFE 24 h 154k # 1%/% el
FFel o O S B SR B, T 37 CHEIR 24 h; ELAREFD
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B BUEE 39K 2 mL, 12 000 r/min B.L» 10 min, TEHLF
T 1 mL 3] 50 mL lEAAAFH, IA 50% KOH 4.0 mL,
BAGIA 6.0 mL 95%2. 8%, €% &% 1 min. 60 CK
MR 15 min, UK S HZEZ R 25 C/F, LAY H
A 5.0mL IECEE, IRSIFIA 3.0 mL FEEK , W
#% 15 min, A58 E 15 min, R 10wl FCEES
WFEE S, AR T, I A 453 — B
2.0mL, B4, Fi& 25 CHE 10 min, A 1.0 mL ¥EHi
MR, I T ¥ BE IR 1 min, BUE 10 min J7 , 7€ 550 nm
P Tl O R, RABRI AR ERE A A, i
oA R AR R R

X19%=(A-B)IAx100

X M E E R %4 bz XTI AR
EIREE i, mg/mL; B A& LA BR AR E PR
[E#EE AL, mg/mL.

13.3 PSR bk R BERRTLAR S
1331  FLERE IS L B R

L& ik MRS B3R ,4 °C 6 000 vmin B.(> 5 min,
3 EE IR, I A 0 A ki AR R, VAR
B HE AT 1x10° cfu/mL.

1332 ARERMILAHI&

UK B I AT PLORRL, SRUIIA 30 mL 5 RERE 15%
#I4-43,95 TR Smin, FFHIE, B 5oL ER
Wi, 40 CHEFE 8 h~12 h, BEFLS UL .4 CIRFF.

1333 AEMILBRHEIEE
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i3 8 45 ~15 42 H: MO B B PP bR o LBk R
| 08 3 MERETRT IS, TR RE 1,10
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£1 RASERER
Tahle 1 Sensary evaluation scale of yoghourt
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BE(20 4)) T rREHERI(15~20)
PEHRN AR (4-14)
FHREFRE(0-3)

R PR AR 35~40)
Hh] e JCEL T (25~34)
Sk FA- RPN (6~24)

H A7 EH 5 W (0-5)
ERFHREE A (31-40)

Bl A R PO (21-30)
{RA(16~20)
fFEFH(6~15)

HI(0-5)

[ #.(40 4})

RER(40 4+)

1334 REFEILEHANE
LR B BB Bk P75, R4,

W BT 30 mm/min ; 0 5 35000 0 R — B IR
FE4 2 (6] 45 B (8] 8 O s; RAFETRAE 10 Hz; B/l A2 g
03N,
134 BEPRESMETIS B E 2

HERRIR IR 0.5 mL M85 HIHERI T 4.5 mL pH 2.0
FRy A BEER K BRI L IR PR A T IEL B FI A T
BEERS,AE4 b 5, B 500 uL 0B TR T
5mL MRS $i3i3Ed, TITCTREBFESLE, &
600 nm bW ICEERE , #F A AFIE R,

X/%=BIA x100

X RFFIEE, %34 0% B BRAE 4 AR K
REPRJE IR MR OCHE ; B S AR TE RS . E LR
WA TR R A TR WP AL B R B AR R
HEE.
135 BT HEY R

£ I 40 7 5k B 2 DNA $R BB ) A R B Bk
DNA,16SrDNA 3" 18 A & (S0 wL): 1PCR Mix 25 .,
10 pmol /L #Y EF#ES1 1% 1 pL, 4 DNA 1 pL 3
77K 22 wL;PCR FL R 194 C AR HE 10 min;94 °C 78
# 1 min; 56 CIB K 1 min;72 C M 1 min; EH 1
30 MEFF ;72 CIFEEM 5 min, B 3 pL PCR P=#HE4T
1.5% HUIEEE L ikAN], T4 PCR ¥ ™Yl E
Wrd = YA R HEATINFF . Al CIPRES Science Gateway
1 7F £8 RAxML-HPC2 Blackbaox ML gE ki ; 7
Figtree 448 RELA T H .
1.3.6 HHRALH R8T

K FH SPSS11.0 3kt il MBI\ H AT HE
(ANOVA), FH Tukey #1172 H$E.

2 BRESW
2.1 FERNE R e A R

AR R AR ARG R WA 1, R
F 0% B HRES W 2.

0.40% 2.80%

» [ = 50%
& 40% = BEFE<50%
o REAFF<40%

B 1 & HEREE R
Fig.1 The cholesterol-lowering rate distribution of all strains
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E2 sHGMMERERT 40%HHE
Fig.2 The § strains with cholesterol-lowering rate more than 40%

N 1 T 7R, 2 e A A, e
RALTF 40%09 W EkA 242 #k, o5 B WK 96.8%; i 2
Fi7n, BB BT 40% 04 8 Bk, 5 3.2%. 45k E Bk
“EETIE 8" BT AL19”. A 17 BT ES” . “RIEE 47
“BRELHE B10” "R 5" . PEALEE T S0%0Y bk
RA 18R, 504%, M “7F Al6", HERERY
54.64%, HAFIHFARRERERT 0%09 8 EHTE
Sl .

22 [FEfRAD SRR PR T R AR
22.1 [RAR IR R bR R BERR FLRE VR
Pl IE o R R LR VAN G I 2,

%2 ERVEERERABRAEWIRTER
Table 2 The result of sensory evaluation scores of yoghourt
fermented with different strains

ik Sk ik ] 8] Bt

B8 13 34 36 B3
# A19 12 15 5 82
A 4 11 17 36 84
Pl 5 30 35 10
#;ES 7 34 30 n
RS B10 14 12 37 83
T AlG 12 34 37 82
TSP S 1 13 35 81

M, ABRA O TV 8 i S E
PRk A MR, ST 8. A19” “EIE M 47
0% B10" R 5", “F A16” 6 Bk R BEATLAY S
SHET 80 4T 17, 8T ESTPUHR B R RERRTL A 4T
fET 80 4, T E LBk B B R PL bt R . B
I, 14 80 4 LA LAY 6 BRPATEN il it i i ik
222 K HERIE B R R R TL TN

& PeR B E R bk A R LA A AR B 5 R
L 3~ 5,

189 =

ﬂﬂﬂﬂﬁ

RS .,9

B AN

.*s:-—nu-l-n-

B
A BERAERE R p<0.05.

B3 EMierRT a0 e
Fig3d Chewiness determination of yoghourt fermented with
different strains

AT

* » ‘%\h *@*

Bk
AHFRRRTEBEER p0.05,

B4 BEEEERIMEENE
Figd Flasticity determination of yoghourt fermented with
different strains

06 = #HAl6 oD BEEs
& i A19 =% HEs
| = EUE B10 oo i 4

BEE W kBN NEDH
FIRFERARIE B XK ,p<0.05,

Hs5 SWGOFHMIRMNE.EE. BAMMHN SN ARD
HE
Fig.5 Viscosity, hardness, maximum adhesion, eroshing foree
and cohesion determination of yoghourt fermented with different
strains

Hy A 3 T, AR AL A NELNE A7 LA AL6T Bk
BA(3.02N), “BISRE 5" AL k2, b 2113 N,
“BR S B10™H/, R 1.32 Ny 4 W14, kL
Al6" PR B10"F1* i 4" AR, 41 502520.93,
20.83 N 1 20.67 N, “REGE R 5" (4 #/M(17.05 N); i
S ATA, BERMELL 9T A6 B K (015 N), “BR T
B10” F1“E0GERE 4" B3/, 2451 0.07N F10.06 N; £
B 95 A16" B (028 N, BRI B10" #0506
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5”8/, 43814 093 N 1 0.80 N; BB A LL“3F 150 | &= ;m o gg:ﬁ

u “ ” Al9 [ w5} 8
A16”HIBAR(0.126 N), “BUSLEE 47 IR/ (0.03 N); 1 : s M B10 o B 4 be 5555
B H1L0H AL6” IR (036 N), “BL 5.4 B1O"HI“ 100 Ml N7
IS 4”9/ (0.13 N); U 1L RS B10" K E_ : AN
(0.54 N), “# A16” 13/ (036 N). B, BRI R A4 : E“, : j[gt ;| §a
5 LA PO R R BB B S s;dﬁ, b7 7&; oY
HBRRI LU A6 RIERUIL AL "t s w‘ pot
2.3 WA L T e i S

Jl:lﬁl%i!n‘#&ﬂ!ﬁ# <005,
B PRI MEL B Bl 2 A5 R L 6. &6 ,&.,ﬂnﬁﬁ;; 5

BB 6 AIW FERRRE IR, AT Al6" B T
J& 8" PR TS SEAE 40% L b TT7EARER M h ,
A16"FI“H7 A19” PibRETAIERILT) 40%LL Lk, P&
KHR“H A19” iGN 57.61%; 7E A LHHIE K
W, BETTRT BT T ALGTHIET A19” 3 BRI TR R
KF] 40%L) b, Hp T A19"BYEIS BE R , IR RN
73.73%; TE N TASHCUBRMR P , B T 387 A19” B PR il

Enterococcus casseliflarus AF039903,1

Fig6 The result of survive of strains in artificial simulated
gastrointestinal tract environment
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Fig.7T The phylogenetic tree of the genera Enferococcus based on 1658 rDNA sequences
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7 T, HE R T A167HY 16S tDNA FFI 1E
EzBioCloud &3 e t, B7R-S5iH A BERE (Entero—
coccus durans )NBRC 100479 (Type ) ) 16S rDNA J¥ 1]
HILBE R X 99.93% ; 2T 165 rDNA F ML 35 HU 8 En—
terococcus JRRER ER, BEBR “TF Al6" Wk S
AR E B RE-E. Bk, 0 FEYrEEdER
“ A16" K A SRR .

3 ifig

B4 Prc e, 1 E 15 4 & e 5 R 5 B
RSSO EEREE, o, missa
KT R BERR P R 25T, 10 )1 R BT M L
U, s P8 R A A R 07 1 8 e A e I
FIBRE T A16”, 25 B FEEUEUR B bl Rl AL

AR ME T E AN R
#h (Lactococcus lactis subsp. lactis ) FL %% %1 B (Bre—
vibacterium casei )&, fFFHEFLER & (L. raffinolactis ) .78
ALPLFFE (L. alimentarius )™, VEBFLFFH (L. aci-
dophilus )™ FE¥FLITHE (L. plantarum )™ ¥ [R5 ER P
( Enterococcus hirae )™, RIGER (F. foecium 5§, 7
IR H AL6" AT A BERE (E. durans ), #1H
B,

H Hi B #1809 FRAs A8 A R vk RE AR AR h 2 B
PR, BT M4 T] 4 bR R AT 75%, B
Fik 92.28% A5, HAxHE i 0 BRI SR 1E 30%~
60%2 [H]=7, FEEREEFAED AR, TRBRIEBRA A
X, A wT AR A AR E R S G, A A A
BT s i L B A Ay e o 2, e A
G4 S5, (A AT B8 S R0 B (R B s SR A AN ER A B
ST FHASTE B4 0 BE R R, BB B A
F LAl R4 0 AR B i ] e O I T
SRR, 5550, BME R AR A0 R g S , 7E R
PRSI b AR A TS I B R], AT AR A Y R R
A, FEHE™ 2 mg/mL A8 E B35 R R 5
1£92.8%, T Wi 4™ H] 200 mg/mL 375 [ i 3 % ¥ 15
33.78%, BOH FW IEBRHESFT, H 0.1 mg/mL 4350074
B e S 8 T 15 50.36%.50.03% , R E™A] 1 mg/mL
W13 3Ry 45.31%. A0 I TOK Z B S g AE
RS YR A, PR E 0.1 mgmL FIGE
FEhnB] MRS Wl RTFRIE D, FrsdRAe it i ki e
#54.64% , TS E R ETEE FHE .

ARIE# B W84 pH {575 3 &4 7E0t pH {E &M
TR A LU | R (K P A
i HEAR. RSN, e R K,

X F 28 A LR T , AFITHE A\ 1 i 1 A R A4 28
A4TifE, ERERLAMBEHZHEE Bl A5, £
B I TR PRIA S T AETE I, IR, BRARFE A (K
i A8 PR T 52 SR TR, A SR O A PR
A16" X1 R B | B B R B — S I, e
PRI R 40%LL L BhE b AEAE A KW i
TG . 7oh A WG AR RR A R S
%, 2 W R R A RS SR R A AR
[, J5 40 e X T R A 251 81 0 e g e L P AL
i E # I e fe o TR

4 it

2 20 3 ok e IR A o T e AR R A 1AL
MY AR R R 54.64%i0 A ER PR BR“ T A16”, FFFH Ik
By TR A R B W SR AR B, T
B bR A 0 AR AR 3 A TR A T
R P AR AR T 40%LL 1, Z9“F Al6”
T e T A 2 e T T LB R P R L R R A B SE AL
W il , vIYE RS RERRFLIT R Rk A R bk .
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