Vol. 23 No. 5
May 2 0 2 3

i SR 2 = T S
A

Journal of Chinese Institute of Food Science and Technology

%t EI T 5 SR ORI 45

(YEAESHFHEAFLEETNHS LT 100048)

HWE SARLT - EAEOHAD SHEREBHUINNBEIMEAZ EF R BANSNZARF LEHLE  FRANIZIRT B
WMHEAEFG DS RAERNIH , RILE A E SRR I et A A e L8 R A AR R 6 SR L8] 3
KRR ERT G, AR RAAZEENEALAARSE TR B2 Lzt irHFE 0, BB A SR TE54H
NEAEIFNOAE—ARE AL, PERRHAFZRRFLAZARASCEZAONMABAARAY ML AR LE ARk A

A b R AR R G AR ARINKE S R ABFKBRRGERXEF NG A ARB AR ELE ERRR EE
FRA , REZXMAFENE  GEARLRAAFHR S ENH T L ARAFEREFFTRRBEL,

KGR HAW,; KRR, S KR,
XERS 1009-7848(2023)05-0444-12

i AR R — 2RISR R, RO 08 R
P i SRR £ . XA AR 45 R
FREZ — . i 2B T A i fd B AR A 2 ad Bl o
(8 DA EAR 5 RUAAR g Gk, H 208 A
T E g A T AR R B SEBR R 4 AR T
RCPEITH AT LI W 2 20 42 70 4EA0, 4T
RLTRURI I 2 o A Wy ] DA i dE N A A TR AR
K, Wb sE %, JF A ANRRERGH
fit o BEE BHEHOR B K, 4 42 W 09 D808 #i
J e S M A B R BLIA S g O, AR
WA, FUAT, 7 A4 B DA IO BT 9T O vk B A
FERSMA SR | 3 S g AR 3 20 2
T S ALY B 2 2R 2 il 0 o A T
R ST 384 1, DRAPH 9 i R R A 2
Je A i i A v vy iR A R R B

ARSC B T A R R RS
sy Scse AR L R S5 PR Ok A K
[ AR SCARME ST ILEOR, B AR 45 2R TR R
FFSE ARSI RLRIT 7 A T R B2
ETHREESE

1 @mARDREIFHFRER
H 1857 4, ik ULy = 5K i B i - L 3 48
TR P05 N L B MU P I FLIR T, R E T

i EHE . 2023-05-22
BIEEE. TEEMBFEARESHER® S
E-mail: cifst_lab@163.com

16 R MiEmEY
DOI: 10.16429/j.1009-7848.2023.05.044

AEMFE], X TR W AR 2 Th TR
FACH =B E Jr I, ELE 1942 48 ZLAF i R

S T R PERT I 2 AR YT, T I AR
TRITROCRM, 1945 4 BF5E N 51 2ok 5 fE AR LA
AT W FLAT A R B IR, ARG T a2t
MLAE AR I B2 5 1 AL AKF, 1965 4F | 38 [ AL
FAE(B 2 ) I & bR R I8 3088 AR T ——
H A7 A i A R AR HE R R ) A e S fd ] Pro-
biotic (£ 4 T ) 33X — AT R A 8 — P i 2E W 41 1 H:
EIAED AR MR,

HAT, 4 W A DG 98 & B A dn Bl 22 1
H TR ST 00, 388 3 25 A0 P2 BIR ) S B 1) A
KB 21 L2, 32 500 G fi A B IO
KHIBFFEICHR . A 2000 4F 2 2010 4F[8], A7 SCHESE
SCHRBCRERE 2 7 000 f 27 o L HAFR i AT
DI SCHR E 3238 40 000 s, 18R A= i B 27 40
AT AR Z —

FET MR 522, JF DR 5T iy
PRFELED TIE (Lactobacillus) . BEAT R
(Bifidobacterium) . L Bk B4 (Lactococcus) . i Bk
(Pediococcus ) S5 FLIFR R ZSHE . UL 4 , RS L2 1 B]
i 2 [C T (Akkermansia muciniphila, AKK) |} 55
UFFH (Bacteroides fragilis) . Bk 45 8L % 2 QA
(Weizmannia coagulans) . i $I il % £ (Saccha-
romyces boulardii) 55 , 11 32 31| j# K B £ #f 78 45 1)
KVE He T RIS IT, 20— LL BT IE R AR
T TR bR TE M T8 AR 2 R YR B 92 T £ AR
e



236 H5M

HZAEHIHEFRSEN O F 5L 445

BT 45 R W IO T RS, BRI Bl
RGNS, BFTT 45 2R T R RO SR B A A
P/ AR B SBCER R AR G R D TR A 4 7 AR g
J1o TRl SR P 4= A5 D20 e B AR | 5 1R bk 2 g
FE DR R, DT S0 R B T AE D) RE AR RS,
Jev R BERR L T Sl AL A A 2R e | B
i N R RO R A AR A 7l
BB R R AN Z A BRI A, PRIT bR
TES YRR 1 Al R o 75 Sl 4 SC 0 Bl I
PRS0 RE % B0 L S DY 2 A T ) AR A 4
YRR, ool A ok [ PN 23 4 28 B 20 RE DA ik 1l
SRR “ S ARIE” TR RO TS b |38 5 LA )
A R AR R ARE X IR 22 4 B2 TN 52 35 B R AN
] R W PR 2 B2, 3 A O3 B bR X i
(G BEAE b | A s 0 i T o A L ) 1Y A
FH,

2 mEEINETENTIE
21 ERFANFHER

L FEH AN F (Whole genome sequencing,
WGS) £ A JE — Pl i i i 19 DNA I £, Al L
XF — > A A PR BORE AR TP B BT A DR AT I
TR A B AR 8 AL S B A e PR AL S AR
SIS m] A A A TR A A A R R ) RE L I K
RAFMERRIIB 0 7L S B EAE R, It AR
HY AT K B85 1 Hefilt o #i 2F B E B 18 rh Y 2R
FEAVERL, 5 B AU AR A BE Ak X A 2 3k
WUIAASC . AN AR T 5 il b R A0 A s WY
o0 B 1 22 b 2 T 200 M T PR A S o i
BETR 200 2% T A O 2 1 sl 20 R A R B 3R 45 WGS
5 R D 2H 43 B e I IR LA T WHH1689
THRWBAEEASGER (— AR E
SONIK (SEEREYING- IR i v AR |
S M TR AR OC L A, A B A B 05 345 V7 g )
Bhb B i p RSy, LRI T A R IR SE T
FEIA T WHH1689 Hy fif /L HFPEM . b Ah 75 n] 3
ik WGS HORMF ST 45 A 18 W Pk 5 1 32 22 18] 9 A
VER, PR i A 9 9l T TR, 346 o S 8 ) A AR
FABLANRL,
22 fESMRIE SRR

i A2 R AT B A R A R A P T RAE

H B Yy fg A 2 A ARAd B, AR B A R AR R 5
P, ARYE FAO/WHO X 4 AR T8 1Y SCHTE 5 FH 4
AT B ITA i Y, £ A TR A8 A A D SO TE A
AALFE f5 A ON E E IR T A2 1 W iE b R/
LU REMTRE ), P2 2E AT 45 T AR A BE T, 0 i) 20
BB, e VAT RE 0 A v LUV i T T A AL
AR R RSN LR R 2
221 VB R SMTAN AR 45 AR A
A UL BB R R BEA M IE , RS RN AR
bR A BRI A B R RVE I e
Wi i 2B R AE 15 08 RS2 RN RE N RE T o AR SN
i A A R LT AR R 92 07 R Re 0 45 O IR T
Al 238 O PR R R R L 0 pH A IR ER Fn S Ak Al ik
B2, IR TE Y £ AR TR AE B0 R 85 IR AR P R TR T
B, RHMITPAL 5 2E TR RGBT PR AR R Bl vk R
2 Tl : 20 285 PSS TR R 265 £ AT 4 2R A 2R
WHE KW L EAER, W Caco-2 LS174T HT-
29 ML IR AL R o FE PR VEAN O R R
P A M R R BRI S BROR BRI A A L RS
3 AR TR A 2 IR AT ROE il
[R5 2R AR 10 v B0 i A i A o G 6,125 25 T H S R
o R AR 2 T 96 L T R AR
(MTP) PEAk 48 O6F [ 58 10 H 268 1 09 26 RIS
BBl R E B A R e A A, B A
FHURZ 1 o 18 20 U B R PEAG 25 AL T 5 e
Z [A] 52 % () 85 R A A T2

T A TR RT g T TRRE () T R ) 3 A A
BOw AR K BT TS 30 TR [ R BT
R AT A B0 A K R O DA £ A TR A 0 R O
PR, BIIR AR B a0 A0 A HOL 50 LY HOL
L NG BT /N7 S PV e I 1 SR U e SI= i BN AR (<]
71N 20 B A A e A T ok VP4 £ AR TR RS IR 6
WX A F W R HIE P, BT R IR R T AR
FEE 5 AR Je pa ny He R A2 fe (s
WL 2 FH A 0 LR AT P I A M 355 5 3 WA 3L i
Jir TR 2R T A AR AR

MNEB B R T E AR IEE . A T
BRI, MIREH KT AT EBIK
1 R 532 e AR A 1 38 55 T (Gastrointestinal
tract, GIT)P | f BACRE A2 N8 18 A=)
A8 R GRS (Simulator of the human intesti-



446 BoE &

M

2023 455 5 #

nal microbial ecosystem,SHIME), R} F 7F i% 2k
TR T HE 1) UL 25 v e R NS A, AT 57
RPN GIT WA MES ARG Wb A N T4
W7 W (Artificial colonic fluid, ARCOL) | 3 7 4= 4
SV 4 FE 51 (Mini - bioreactor array ,MBRA), fif %
N BF 2058 2140 (The Netherlands Organiza-
tion, TNO) F¥ & 45 R SME RS (TNO intestinal
model , TIM) | #F A5 AR (19 MiniGut F13) 25 H I 1
DLt S5 SRR AN A A TSR 4 A N
A YRR 2R, 3 AT ] TS A AR
JUERE 50 EIE AR AR, SRS &R
G LA Z AR a6 T 45 1 0 AN [F 43, At
HEERAEAER AR,
222 VAT REETIVEMBAL A ARG W
BNy I i AR T R 2 —, AR
TE 8 58 i T8 R0 S B 10 S8 L e L T 1 2R
KA AR, SO I ) 5 22 20 ., 532 W) 40 J P 1 1Y
7 A FURE T4 5 T

HAT, ARIMRE: b PE O i 2E B Y 592 4 5 BE
T3 AN A A A8 B RIRLA 3D 2H 25 A
SN ) ot sk e ) DNy
Mo B OWEAN A AN JE LSS A% 41 (Peripheral
blood mononuclear cells, PBMCs) 4545 400, LA
K 2J A i 5 3 ) AR MO ASE TR e e O A i
B oA MR e A W A S BR AR K
SEFRBR R VP £ AE TR X H 5 A0 L 14 5 ) X b 7
SR/ T ST 1ol = AT = 1 R R Pt
RS M R M EE xRz — 1T
fili gt A TR0 20 LR TR Ry, e a) U R £
Az TR X B 98 BN IR T AR I, B A AR ) AR R
AR, S1a EHASEGEMPEESNEGE
BRI 3D 2H 2RSS R A 4 AF T Y AR G AF 5 v 2 3
W KT 7 ) — 28 3D i i 4 SR R ul s A B
ARG gl AR, A LRE B PEAL 5 A2 TR A
FEPWTTRE ), BRER At A W 5 Wil B e s &
Yo 2 RH ELAE A P A BIL A

fift I _F R AR S 6 AR AT L) 20 DA 45 A
B ARV, O 2 2B T A0 O T AT 5 S 2 T
A TSR 3K S Ty RIS A £ A AT A R FR
PR, TR IS 9E H 59658 A iR 3R 17 DI RL
VRN e B AR, BRI SR AR AT D) AR AL

PR A, (R A R AT A A AR A
MR IR 25 R AT VRN
23 MKW RER

T RSN, Sh¥r s ol i A A s Y
5 UG A Wy 48 7 4 A A A 0 A PN A RT8CR
L AL, B 45 28 W DRI IS b i Y 5 1%

M 1A 28 S MR T R B RO SRR, AL
F19 T 77 32 A 47 2 R BRI BT S A 2 el e
R, IR R A 7 05 S R R i TR RE R
PE U G M I Y T B RS R
AT 5 OO B Ji TR o LA A7 Bl A R
B T 50 4 25 T X iR o7 AR R S e
SRR AT SR ORI AE FAL ], w42 4 8 7 19 g 2R
R BRT AR I AR, TR A 147 2 s A B 1 T 5
JiE WY S R R E TR, HAALSAE T
PR T — AN SR IR BRI S U Y Z R Y
P, WF9EN B REE AR S0 1 % 1Y 4 2E TR A 20 1 32
A BRI BE KT R SRS, SR, TR Sl 4 A A
A, HOGE T A P ) SR S U TR )
HBRTS e T BRI S0 A U R ST AR BR
I 22 A R i 22 18 BF 5 22 M) P 2 DA i B A
TR R AW A A B DR IR T LIRS T A
NS, AT B A0F 5 3 DX D) e AR SC 50
R AERL O i A T AT R R R IR 9T $2 B e
SEAF BRI BTSN B3 R A R EER B
BRI

— e AR B R A T, TR R e A 5
FFEk A Sy i BE 5 M TR RO R 245 AR EL A Y
Ry, BA R KA RS T %
AT S A AR TR Y R O B AR, BT
TS AR B Al 2B AT PP
WSS, i B T 45 2R T B AL 2 VEIEAG T, BEED
A HA S WL AR A R R G, iRk
KA FNIE WL PRBUIN (B T ) 37 FAE B A
XA B A AT SO BRAR B S R, i
TE A <8RR 9 AE P g 5 7 TR 9 OB D
AR IR LTS8 T L il B A ST AR SE R SRR, 2017
AR W50 A B — S At 2o AT R A ) 0 | ORI
DR % R AN SIS B PADAE R 1) DA 2 DR ke s 8
ARH AU, A5 A B, B 0 1 i A Rl 2 ) o
R Z 47 o b B AT AR H WY A IR 5 4 S, AT RE A



447

i

HA WAL A F

$23% H5W

e L

[og] B FFHATHT Ly Lo TR e (wnmwunps snjponqo1onT) Ly g G fr A R¥
V¥ HEY Y YR A S Sr T & 2) WL B e T OE Gy (Ysrvpimuy g
[67] A BNLL g2 gk BT b T B B Be 3 CTOORD/SOA PEOP—T WOND B Hnssa e S Bl o7 3T ) Bl 7 Y 26 5F
XOD af £ [ BH 67 3 3 TOd o "I L% s 1e ON
[8¥] S Y08 X TEE B B LYOTMVY G Y& ek ST ¢ TLOTINT 86 4 &
[ £ 3Kz 4+ (sDNA)
oz w & sy S (0d
‘[P0 onupue(q) B EE Y
P A X b B 17 < (ST1P2 JIND
B 17 T of T B 7 SOINA 68 & T B by (suppnuoowaroofu C R A I 7
[L¥] -ounon 121w qUIIFTY) B G WG W H L EE W BN LB EE ] Ry
B oy (1-dINLL) T— B (4 dek B2 W 5 B o (INVDIS)
£ B 9 el BH B R Je 4 Y T N (TIOXD) T WM F (£ 6TLH LYLIST
[97] D-X-D L EAT LW TEY LR TR H T HE O BhHnEged e T-09D) @ m; ¥ T o T 3Bl b
YU B BB WF BN L Gy L1-T1 (&g Juuw =y [pif* [ow
[yl Labede (UUV) WIS 4L RWGg Yy FHuE3 8 (1omas smpovqopov) E Hyne™ £ & af) [ 3 B Y W OE P
EZE N 3
YUY E L O m YT L IR E S W EE kY AN-S
[+¥] HOFHLERYEWE T WS G T SAL §F 4 AN-S  (10s0omd snjjonqoron) B by g 44 4 e
0—INLL
[ dr “OT—"T1 7¢ & B &7 Gy & 4 SAT ¥ [ 4 28 ° B ) 3 [y MTOT
[y Colel S Aol AW d o L AT w8 g o8& (19500 smyovqopov) B by 98 1% 8 4+ W TG s
6%
F 2 65 (SOU) E F ek O—INL IL—TT o Bl b7 Fa INADN (qdis “adis ‘vdsT ViUl /i ¥ G T oo
eyl [1v] WA LYITMVY Go ¥k SAT L b dy B £ S tayw  (snpydoprov snpponqorony) B by w g VAS) SAIS B R ¥ MY S WRUCHEF
¥ NHTFEE e

Ayordeo sunwwir oy} eRMpow 0] onorqoid FuneneAs 10j [Ppowr oun1a uf

TERNYHLHELMEFEYR |

I

II9EL



448 BoE &

M

2023 455 5 #

Ry — A~ B U 10 - b i B AR B R 9T g R TR
FE R T Re  mAvE .

KA FLSh Y 0 A BREE R | AR B A A f g
ARG 5 NN, FERFIE 25 28 B A AE R AL
BF, AT AR IR B A A A5 B i, )R A A
Al ARG 25 A= BT Ak R e AR i B 5
M) A S A AR R A R, T AR BR Bt (R AR AR (I
FEAH S ) HERIESE o B [R] B A 1 R 3 R A= K
RO W, S A R A B SR W, R
YRR P IR TR A W AR
FEW R A7 Ry AR B B LR
RESERME, BT RKEZY A 232 3™ 4%
P B AL A0, LA ) 2 N .

BT, R S P C & I 45 A8 7 )
B o 3 P B R, T B T R e R R
Prid VAT, T AE PR KOF ) DT X 322 i 2
EHGUREVE, S e e AR o Bl 25 2 A G 4
RMZH2EM R, B8N 5L AT DU TR A HAR 5T
5 A5 B 5 1 S 22 1) AR AR R R AR D sVE Y
S FHLE . HAR B WIRIRLAE 5 AR A O T A i
LA (AR WAF AR BN, 5T N B FE R AT B
WS I s AR SEAE AS BRAE ], S5 b sh i
S, PR AT RE R RO (iR Ahi e A
PUEALAE ) R 9/ Bl W) S 4
2.4 AKIRIE

fit A TR AT 38 Sk VA T AR g P
PRRESE M, ol (A1 FH 5% i i 1 b e % e
U7 1R R REL 3 1R ) A, ek i T M A AT
O S RN, M X i 37 A A 25 R

AR A NS Al Rl s, o ARE
T 6 3 R R AN BRI A A 4 X, 4
BT 2 A= TR A AT 0 FHAF G A BR AR B PR T £5 2E T
EEEREZ R FR ) a8 48 584 M X BB I
B2 RS AR R AR G O, X ECHE 2E AT et o i
JE g S A S B R R Z B R, Zhao
Ao ok N BRI IR T WY 6 -3 X 9 i
2 E% AT 1 FLEE FT A —Zhang 20 d X 15 518
rhOSUBCAT BT RE OS2 — TWTER X 100 44 18 B A5
JEAE B NHE T, 38 o R 0 A i A R IR B
FLEEAT P Probio—M9 6 J& J5 il B #E . AR I
e bR AL, IR A T S 1E e kA

(D GR7/ AN N

R R AR e (s
B PR} 2 2R (2020 AF ) YSIFF 4R H - i AR R R R
O BRI R A R A D RE R 1, R AE R
FETHE B e PR 16 D O A A R i e A L Y
iy PR B3 X Ao I RROIR A8 | B A AR 2 A7
i A2 B T B U AT 5T 38 R AT BEAL A
B Z D IR A BT, He A A 2 1 A A
PE BT BUR BAE FBOR 22 2k R 52 VAR SR i
DAl A A R A BN R A i PRI R W 5T
Bt AR VB K SR A 3 B A D AR AT T A
TR e PR 56 5 AR AN A i AR 1 36 3 A v s
BEATTEME, BT ERE e R AR 14 1 07 58 e — 4k
BRI B A AREW 50 DR R B AL AR A
g, I ROFSE R E G 45 28 0] DL 3% R
V5 R By W A AR B, DR T
JE o R A T o ] I BE AR 5t 97 M 4
R B FEMEG TR H K™, e Ah , Sun AN
T ¢ B it 2B TR E o 9 Y A S 1 R A A
WA AAE A b, 706 0o AR TR IR 5 T 458 2 A
(458 B IR 7 A BRI

it A2 A I PR 20 20 P A0 IO E A0 L e AR Ji
W) 1) B (b B 1 2 R 2 b R v D ) IR K
FRACBLEOR, B 25 IR AR 37 32 1 AL £ A
L4 ;2) BReAIR LS AR T R 22 A PR AT e A AL
P, M i RS B D12 WAL U R T SR
it 3 3) BIF 5 L ) XU B 4 it O B3Pl
PR 32 5 R 2 B U XU #0445, AR
PRIKES HUA 4 U 3R 45 O T KU IF A T 4 a4k
S 4) BEAE (P RS N 2 38t 1 E R AE B A%
BIYRIRLRE | L PR3 32 18X B A A9 BBl PR o 5 6
I A8 5 5) 3~ N PR 3 38 69 ) 45 v 2 [
i3l

3 E R AMEE E T A E RN
R K

it B TR 9 D ACPE VR A5 T B St 2 2 A
S5 S A G hR o Tk RL A EOR B BN A R
it A TR AR 57 it B PP R 04 B AR, [l
LI AT Ml R 20 o i AR B, AR H T A%
| BT B A7 oMl 2H 200 i AR TR A O R B R L



236 H5M

HZAEHIHEFRSEN O F 5L 449

ANAEIR], AR X 25 AE A T Ak DA 2 R 1Y
BR

HHET,FAO/WHO $2& i 1y “ 25 4= T 7 A% 3] 4>
ERITVZIART . FAO/WHO 78 i H 25 AE W PF i 1
A YR 25 A B T AME B T B A A R
RIE 0 5 o5 A DA R R K- 255 i, AR ARl 55 0
TE T TE £ AR TR R R, 38 2T Sl A AR SR AR A
S5 F a5 A4 v AT RRVE FHBLII, T 45 A= o EL S
PET RN ARG RIS AR BE L, HAARIR N
Z/OEE T RVAIESEEE R 4T 25 B WA S %
ANFELHERT RS ER A @A, D0 R AR 5 0 B B A
W KA G £ A= TR 9 4t 32 7 R 3% 7 (EC)No
1924/2006 £ i 85 77 FEEE 75 R ) 88 A SC B |
SR LA SR A B ST UE B AR, i KA Ok
TSR A e 25 A B R SR AR = e, AR
BT R MR 19 28 A PR R Sk i R [ PR
%t AE TR R 25 A2 JCRF A P 23 (ISAPP) 42t 2 /b 3k 45
1 42 BRSNS bR fE R AT 0 . AT 1E 18 D3
AR PRAR S 09 SR, B AR 25 A i D &k vk
DA R AF 53 245 S F1 2 G0 M SCHR 25534 45 O T B4R
sl

i3 B0 25 AR TR S O M B I ER BR A
B R FP A Ak A A, R R AR I ELE T 5T
B FIRE 27 JE R S R LA (T RE b R}, 7
CB il JH 2 A T DU e e R o P 25 A TR
DRSNS s W) S50 2% DL AR50k 5 2
MR, I 1 25 A= D TR PR A VR 0 T s

i A T A R A AR 5 AR, ik
R B R AN R R SE R 2 R 2 A G Tk
PEVEA 5 2 7 7E RS ME R B AR . BRE IR IR ik
THRIRLTE A TAN F2 7 SR 1, R v v LAY ol o
PEAETE A AR | oA 7 M B L 0T 48 T R T
B RAA TR B

4 HESRE

it A TR DB VA 2 TR 5 i o S L
i KRB E N R, ARG Tt A2 B2
R FEBUR RSN IR P 32 254 T7 0k B PR B
MR A BRI A, 22 L RA ZRHE , $2H L
TRFEMLEL

1) g A2 BB DN RLE PE 2 — D 2 B A2 X

MAK TR fi bW SR EmeE—1~ K5 "
R R, R R R AN RS
5 B S ARG S A SR T, 4 R 4
J 2 i M i A T 194 3 A £ A R 1 Y B B
ARk 5 PRAIM S 2 T 08 45 A T VT D AIORI R
0 R R AR 5 B W) S R R VA £ AR TR e AR
P LR A 0 o 2 1 HE 27 s NI R S
e R ICHS: , DU 6 T 5 o e i A B X A G £t B
YEF 4 PR 019 B ST 4, 4 i A TR 2 AL
PR B e B A

2) AR B89 DS VA o g A T R A
W BB ARG X a2l FAT 47 2 4 AR Y
B IEZ —, XHITRERE 0 0 AN J2: i A2
FRIATE A2 MR B ZE 3R, Al o O S A 3
PURLAAE o b T 4 2B T 00 4 R AR P BA B R
S DRI e R T B AR K P 1 DA D, B
B ROC AR, X T ORIIE £ AR T B9 A 2800 A n] g
PEHAREEE X,

3) ML A e R 0 2 4 2B R AR RN 7Y
RHEFRTY TR LR o (9 45 R ol R T R Y11
PRAAES , R R AR T 4 25 T P 52 B Y i R 5
TH A A DR VR B < R dE”, T N i AR
B A7 AL B A AR, I PR B R 2
(R N DN =S, AN D) 781 B2 B iy
56 IR 8] IS B 2L B A2 B R] RS | DA ke, Y - A0
i RS AL X I8 B AT I A R AR U A
IO Jo g A PSR E Ry

4) i AR TR R RE S T B A AL A O A A 4
AR E E N g AR R IR R AR A A
SR BN IBL S W Akl Bt ) e AN T
RETEAR I AR, 4 2B T A 1 D AL A I FE L S
JRCHER TEAE AR E . H AT A& B, 5 A2 T AT
A o Y M R B AR, B S B R R I
TR R 25 o 25 A AR T RO £ A R
Lo AR 55" A AR 9 B A BV FAE 53 R AL
JRELRRAF AN ATEN T, ] A g 2B T A4 O A RN
P S 8 S A Bk S Al

5) FEERL R B DTN R R R A AR
WARME . TE MU DR 2 DRI M R 4
AT WA SR U B R S, R
BRI SORH G 7™ i AR A f B P R 0 B BRI . L X



450 OE A IR 2023 4E 55 5 1)
T4 2R T R R T AR . 2 A RAS — T A (1): 45-52.
I PR AR 36 0F 52 A THAK, 1F 76 B R 4 Bk i i [3] LILLY D M, STILLWELL R H. Probiotics: Growth—
S, B2 B D OE VE Y 7 RS I R T A B promoting factors produced by microorganisms [J].
o\ g vpe N y Sci , 1965, 147(3659). 747-748.
A A BRI | L TR clence. 1963, 14703659
[4] TIAN F W, ZHAI Q X, ZHAO J X, et al. Lacio-
GEAER bacillus plantarum CCFM8661 alleviates lead toxicity
nH e in mice [J]. Biological Trace Element Research,
I [ ¥ oA
BT TR BBl L LR R 2012, 150(1-3): 264-271.
(ENE ) SN [5] WANG Y Y, LI J H, MA C C, et al. Lactiplan-
SRR NS AR R A tibacillus plantarum HNUO82 inhibited the growth of
#w OO VLR RAE Fusobacterium nucleatum and alleviated the inflam-
B P EE SRS RS matory response introduced by F. Nucleatum inva-
| D R W Hy N sion|J] Food & Function, 2021, 12(21). 10728-10740.

. N » 6] LIN E K, CHANG W W, JHONG J H, et al
S LR TR : ’ ’ ’

. . o, . _ . Lacticaseibacillus paracaset GM—-080 ameliorates al-
ADCE AR RR R A B IR A s 28 3 B e . ) . , ,
. e At o s . lergic airway inflammation in children with allergic
XUJRF B SR 22 4 XUR: DA s - . .

rhinitis; From an animal model to a double-blind,
. ] [=IRID 2 e
e 3E v R T R randomized, placebo—controlled trial[J]. Cells—Basel,
4 J% IFF (RS 2023, 12(5): 768.
A S R Sl B A A A BR A W) [77 HU C Y, LIUM Y, TANG L Z, et al. Probiotic
ah # b ERE B SR Lactobacillus  rhamnosus modulates the impacts of
i o EZEE LA B PEAL e perfluorobutanesulfonate  on  oocyte  developmental
s P AR T O rhythm of zebrafish[]J]. Science of the Total Environ-
ﬁlé ‘\% Fﬂ%jﬁ% ment, 2021, 776(7) 1—9
FEHF O A B (11 ) TR [8] SINGER J R, BLOSSER E G, ZINDL C L, et al
. A e ettt ) e N Preventing dysbiosis of the neonatal mouse intestinal
JrHES TR SR A T (TN By A BR S W] . . .
microbiome protects against late—onset sepsis[J]. Na-
HEHE AN
HEHMEAN: ture Medicine, 2019, 25(11): 1772-1782.
sREAE iR 9] PAN H D, GUO R J, JUY M, et al. A single
R WE R R bacterium restores the microbiome dysbiosis to pro-
DT ANy N tect bones from destruction in a rat model of
& R 1PN rheumatoid arthritis[J]. Microbiome, 2019, 7(1):
BOgE Ok 107,
TS H ek R A 4 [10] LANGELLA P, CHATEL J M. Risk assessment of
» o biotics i linical paramet . Nat
B B R R R I;:O .10 1caGuse requlrclss c 1n1:1a Hpardn;e ers[]2]019d ulrz
. - . eviews Gastroenterology and Hepatology, ,
B pEE SRR AR 2
(4): 202-204.
[11] CHAIYASUT C, SIVAMARUTHI B S, LAILERD
2 % x ™ N, et al. Probiotics supplementation improves in-
testinal permeability, obesity index and metabolic
(1] BRADY L, REID R D. The treatment of Tri- biomarkers in elderly Thai subjects: A randomized
chomonas vaginalis vaginitis with the Lactobacillus|J]. controlled trial[J]. Foods, 2022, 11(3). 268.
Annals of Surgery, 1942, 115(5): 840-848. [12] MILLER L. E, LEHTORANTA L, LEHTINEN M J.

DAY P L, MIMS V, TOTTER J R. The relation-
ship between vitamin M and the Lactobacillus casei

factor[J]. Journal of Biological Chemistry, 1945, 161

Short—term probiotic supplementation enhances cellu-
lar immune function in healthy elderly: Systematic

review and meta —analysis of controlled studies [J].



503 % H 5 HA WM G RN F ik

451

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Nutrition Research Reviews, 2019, 64(4). 1-8.
MANCIA A. New technologies for monitoring marine
mammal health [M]// FOSSI M C, PANTI C. Marine
Mammal  Ecotoxicology. ~ Amsterdam,  Academic
Press, 2018: 291-320.

PRADHAN D, MALLAPPA R H, GROVER S.

Comprehensive approaches for assessing the safety of

probiotic  bacteria [J]. Food Control, 2020, 108:
106872.
SYROKOU M K, PARAMITHIOTIS S, DROSINOS

E H, et al. A comparative genomic and safety as-
sessment of six Lactiplantibacillus plantarum subsp.
strains  isolated  from

argentoratensis spontaneously

fermented greek wheat sourdoughs for potential
biotechnological application [J]. International Journal
of Molecular Sciences, 2022, 23(5). 2487.
ANSARI J] M, COLASACCO C, EMMANOUIL E,
et al. Strain-level diversity of commercial probiotic
of Bacillus ,
romyces species illustrated by molecular identification
and phenotypic profiling[J]. PLoS One, 2019, 14
(3): €0213841.

ZHANG W, WANG J, ZHANG D Y, et al. Com-

plete genome sequencing and comparative genome

isolates Lactobacillus, and Saccha-

characterization of Lactobacillus johnsonii Z1J010, a
potential probiotic with health —promoting properties
[J]. Frontiers In Genetics, 2019, 10. 812.

WU L, XIE X Q, LI Y, et al. Gut microbiota as
an antioxidant system in centenarians associated with
high antioxidant activities of gut-resident Lactobacil-
lus[J]. NPJ Biofilms and Microbiomes, 2022, 8(1):
102.

CHEN L, GU Q, LI P, et al. Genomic analysis of
Lactobacillus reuteri WHH1689 reveals its probiotic
properties and stress resistance[J]. Food Science &
Nutrition, 2019, 7(2). 844-857.

ZAGO M, SCALTRITI E, BONVINI B, et al. Ge-
nomic diversity and immunomodulatory activity of
Lactobacillus plantarum isolated from dairy products
[J]. Beneficial Microbes, 2017, 8(4): 597-604.
Food and Agriculture Organization of the United Na-
tions/World Health Organization. Guidelines for the
(2002-05-01)
[2023 =05 -22]. https : //www.foodinprogress.com/wp —
content/uploads/2019/04/Guidelines —for —the —Evalua-
tion—of—Probiotics—in—Food.pdf.

evaluation of probiotics in food[R].

[22]

[24]

[25]

26]

[27]

(28]

[29]

(30]

[31]

BORICHA A A, SHEKH S L, PITHVA S P, et al.
In wvitro evaluation of probiotic properties of Lacto-
bacillus species of food and human origin[J]. LWT -
Food Science and Technology, 2019, 106(6): 201-
208.

GAO Y R, LI D P, LIU S, et al. Probiotic poten-
tial of L. sake
fermented cabbage[]].
Technology, 2012, 234. 45-51.

VAN TASSELL M L, MILLER M J.
adhesion to mucus|J]. Nutrients, 2011, 3(5): 613—
636.

JACOBSEN C N, ROSENFELDT NIELSEN V,
HAYFORD A, et al. Screening of probiotic activities

C2 isolated from traditional Chinese

European Food Research and

Lactobacillus

of forty —seven strains of Lactobacillus spp. by in
vitro techniques and evaluation of the colonization
ability of five selected strains in humans|J]. Applied
and Environmental Microbiology, 1999, 65 (11):
4949 - 4956.

GUO X H, KIM J M, NAM H M, et al. Screening
lactic acid bacteria from swine origins for multistrain
probiotics based on in wvitro functional properties|J].
Anaerobe, 2010, 16(4). 321-326.

TAGG J, MCGIVEN A. Assay system for bacteri-
ocins[J]. Applied Microbiology, 1971, 21(5): 943.
QAYYUM N, SHUXUAN W, YANTIN Q, et al
Characterization of short—chain fatty acid—producing
and cholesterol assimilation potential probiotic lactic
acid bacteria from Chinese fermented rice[J]. Food
Bioscience, 2023, 52. 102404.

LAHTEINEN T, MALINEN E, KOORT J M K, et
al. Probiotic properties of Lactobacillus isolates orig-
inating from porcine intestine and feces[J]. Anaer-
obe, 2010, 16(3): 293-300.
PRABHURAJESHWAR C, CHANDRAKANTH K.
Evaluation of antimicrobial properties and their sub-
stances against pathogenic bacteria in—vitro by pro-
biotic Lactobacilli strains isolated from commercial
yoghurt[J]. Clinical Nutrition Experimental, 2019, 23
(2): 97-115.

CHARTERIS W P, KELLY P M, MORELLI L, et
al. Development and application of an in wvitro
methodology to determine the transit tolerance of
potentially probiotic Lactobacillus and Bifidobacteri-

um species in the upper human gastrointestinal tract

[J]. Journal of Applied Microbiology, 1998, 84(5):



452

O

B

= QYA
=

R 2023 455 5 4]

759-768.

(32] Mg, Feak, R, . AR AR K e MR AL

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

PEPEA D5 ik B B T R ()] P M B, 2017,
44(7). 2022-2032.

FENG Y Y, QIAO L, YAO H M, et al. Research
progress on the evaluation methods of safety and ef-
ficacy of probiotics[J]. China Animal Husbandry &
Veterinary Medicine, 2017, 44(7). 2022-2032.
PHAM V. The application of in vitro human intesti-
nal models on the screening and development of
pre— and probiotics|J]. Beneficial Microbe, 2018, 9
(5): 725-742.

VON MARTELS J Z H, SADAGHIAN SADABAD
M, BOURGONJE A R, et al. The role of gut mi-
crobiota in health and disease: In vitro modeling of
host—microbe interactions at the aerobe—anaerobe in-
terphase of the human gut[J]. Anaerobe, 2017, 44
(4): 3-12.

SINGH V, SON H, LEE G,

and possibilities of in

et al. Role, rele-

vance, vitro fermentation
models in human dietary, and gut—microbial studies
[J]. Biotechnology and Bioengineering, 2022, 119
(11): 3044-3061.

ROH T T, CHEN Y, RUDOLPH S, et al. In vitro
models of intestine innate immunity [J]. Trends in
Biotechnology, 2021, 39(3). 274-285.

EZENDAM J, VAN LOVEREN H. Probiotics: Im-
munomodulation and evaluation of safety and efficacy
[J]. Nutrition Reviews, 2006, 64(1). 1-14.
SRIKHAM K, THIRABUNYANON M. Bioprophylac-
tic potential of novel human colostrum probiotics via
apoptotic induction of colon cancer cells and cell
immune activation[J]. Biomedicine & Pharmacothera-
py, 2022, 149(5). 112871.

DE GREGORIO V, SGAMBATO C, URCIUOLO F,
et al. Immunoresponsive microbiota—gut—on—chip re-
produces barrier dysfunction, stromal reshaping and
probiotics translocation under inflammation[J]. Bioma-
terials, 2022, 286. 121573.

KIM H J, LI H, COLLINS J J, et al. Contributions
of microbiome and mechanical deformation to intesti-
nal bacterial overgrowth and inflammation in a hu-
man gut—on—a—chip[J]. Proceedings of the National
Academy of Sciences, 2016, 113(1). E7-EI15.
ASSANDRI M H, MALAMUD M, TREJO F M, et

al. S-layer proteins as immune players: Tales from

[42]

[44]

[45]

[46]

[47]

48]

[49]

pathogenic and non —pathogenic bacteria[J]. Current
Research in Microbial Sciences, 2023, 4. 100187.

WANG H, ZHANG L, XU S, et al. Surface-layer
protein from Lactobacillus acidophilus NCFM inhibits
lipopolysaccharide —induced inflammation  through
MAPK and NF-kB signaling pathways in RAW264.7
cells[J]. Journal of Agricultural and Food Chemistry,
2018, 66(29): 7655-7662.

Al L Z, GUO Q B, DING H H, et al. Structure
characterization of exopolysaccharides from Lacto-
bacillus casei LC2W from skim milk[J]. Food Hy-
drocolloids, 2016, 56 134-143.

XIAO L Y, YANG Y, HAN S,

genes required for exopolysaccharides biosynthesis in

et al. Effects of

Lacticaseibacillus  paracasei S -NB on cell surface
characteristics and probiotic properties|J]. Internation-
al Journal of Biological Macromolecules, 2023, 224
(1): 292-305.

MONTGOMERY T L, ECKSTROM K, LILE K H,
et al. Lactobacillus reuteri tryptophan metabolism
promotes host susceptibility to CNS autoimmunity|[J].
Microbiome, 2022, 10(1). 1-27.

CHONDROU P, KARAPETSAS A, KIOUSI D E,
et al. Assessment of the immunomodulatory proper-
ties of the probiotic strain Lactobacillus paracasei
K5 in wvitro and in vivo[J]. Microorganisms, 2020, 8
(5): 1-14.

PAHUMUNTO N, BASIC A, OSTBERG A K, et
al. Oral Lactobacillus strains reduce cytotoxicity and
cytokine release from peripheral blood mononuclear
cells exposed to Aggregatibacter actinomycetemcomi-
tans subtypes in wvitro[J]. BMC Microbiology, 2020,
20(1): 279.

JANG A, ROD - IN W, MONMAI C, et al. Anti -
inflammatory  potential  of  Lactobacillus  reuteri
LM1071 via eicosanoid regulation in LPS - stimulated
RAW264.7 cells|]]. Journal of Applied Microbiology,
2022, 133(1): 67-75.

BERMUDEZ -BRITO M, MUNOZ -QUEZADA S,
GOMEZ-LLORENTE C, et al. Lactobacillus paraca-
set CNCM 1-4034 and its culture supernatant mod-
ulate salmonella —induced inflammation in a novel
transwell co —culture of human intestinal -like den-

dritic and Caco =2 cells [J]. BMC Microbiology,
2015, 15(1): 79.

[50] SUGIMURA N, LI Q, CHU E S H, et al. Lacto-



503 % H 5 HA WM G RN F ik

453

[51]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

bacillus gallinarum modulates the gut microbiota and
produces anti —cancer metabolites to protect against
colorectal tumourigenesis [J]. Gut, 2022, 71 (10):
2011.

LI N, WANG J, LIU P, et al. Multi—omics reveals
that Bifidobacterium breve M—-16V may alleviate the
immune dysregulation caused by nanopolystyrene [J].
Environment International, 2022, 163. 107191.
ZHANG Y, HOU Q C, MA C, et al. Lactobacillus
casel protects dextran sodium sulfate— or rapamycin—
induced colonic inflammation in the mouse[J]. Euro-
pean Journal of Nutrition, 2020, 59(4). 1443-1451.
ZHAO Q, YANG W R, WANG X H, et al
Clostridium butyricum alleviates intestinal low—grade
inflammation in TNBS—-induced irritable bowel syn-
drome in mice by regulating functional status of
lamina propria dendritic cells[J]. World Journal of
Gastroenterology, 2019, 25(36): 5469-5482.
KONG C, GAO R Y, YAN X B, et al. Probiotics
improve gut microbiota dysbiosis in obese mice fed
a high—fat or high—sucrose diet[J]. Nutrition, 2019,
60: 175-184.

WANG L L, HU L J, XU Q, et al. Bifidobacteri-
um adolescentis exerts strain—specific effects on con-
stipation induced by loperamide in BALB/c micel]].
International Journal of Molecular Sciences, 2017,
18(2): 318.

PAN J Z, GONG G D, WANG Q, et al. A single—
cell nanocoating of probiotics for enhanced ameliora-
tion of antibiotic—associated diarrhea|J]. Nature Com-
munications, 2022, 13(1). 2117.

GAO G Q, MA T, ZHANG T, et al. Adjunctive
probiotic Lactobacillus rhamnosus Probio—M9 admin-
istration enhances the effect of anti-PD-1 antitumor
therapy via restoring antibiotic —disrupted gut micro-
biota[J]. 2021, 12:
772532.

HE Q W, YANG C C, KANG X H, et al. Intake
of Bifidobacterium lactis Probio—M8 fermented milk

Frontiers in  Immunology,

protects against alcoholic liver disease[J]. Journal of
Dairy Science, 2022, 105(4): 2908-2921.

WANG Y M, DILIDAXI D, WU Y C, et al. Com-
posite probiotics alleviate type 2 diabetes by regu-
lating intestinal microbiota and inducing GLP-1 se-
cretion in db/db mice[J]. Biomedicine & Pharma-
cotherapy, 2020, 125: 109914.

[60]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

SUN J, LI H J, JIN Y J, et al. Probiotic Clostrid-
ium butyricum ameliorated motor deficits in a mouse
model of Parkinson’s disease via gut microbiota —
GLP-1 pathway|[J]. Brain Behavior and Immunity,
2021, 91: 703-715.

LE BARZ M, DANIEL N, VARIN T V, et al. In
vivo screening of multiple bacterial strains identifies
Lactobacillus  rhamnosus 1b102 and Bifidobacterium
animalis ssp. lactis Bf141 as probiotics that improve
melabolic disorders in a mouse model of obesity[J].
The FASEB Journal, 2019, 33(4): 4921-4935.
XIA J F, JIANG S M, LV L X, et al. Modulation
of the immune response and metabolism in germ—
free rats colonized by the probiotic Lactobacillus
salivarius L101[J]. Applied Microbiology and Biotech-
nology, 2021, 105(4): 1629-1645.

HUANG P, YI S, YU L, et al. Integrative analysis
of the metabolome and transcriptome reveals the in-
fluence of Lactobacillus plantarum CCFM8610 on
germ —free mice [J]. Food and Function, 2023, 14
(1): 388-398.

TAN J X, DONG L Q, JIANG Z, et al. Probiotics
ameliorate IgA nephropathy by improving gut dys-
biosis and blunting NLRP3 signaling[J]. Journal of
Translational Medicine, 2022, 20(1). 1-16.

MA C, SUN Z, ZENG B H, et al. Cow—to—mouse
fecal transplantations suggest intestinal microbiome as
one cause of mastitis[J]. Microbiome, 2018, 6(1):
200.

LI W Y, GAO L,

dant properties of lactic acid bacteria isolated from

HUANG W K, et al. Antioxi-

traditional fermented yak milk and their probiotic
effects on the oxidative senescence of Caenorhabditis
elegans|J]]. Food & Function, 2022, 13(6): 3690-
3703.

KUMAR S S, PRISCILLA S, SRIVASTAVA P, et
and heat —

al. Influence of probiotics, synbiotics,

killed Lactobacillus ~fermentum on ageing using

Drosophila model-A preliminary study[J]. Journal of
Applied Pharmaceutical Science, 2023, 13 (4):
136-140.

MA S, SUN H, YANG W C, et al. Impact of pro-
biotic combination in InR !¥®1/TM2 Drosophila
melanogaster on longevity, related gene expression,
A preliminary study [J].

Microorganisms, 2020, 8(7). 1027.

and intestinal microbiota ;



454 OE A IR 2023 4E 55 5 1)
[69] BHANJA A, NAYAK N, MUKHERJEE S, et al. adult zebrafish model for adherent —invasive FEs-
Treating the onset of diabetes using probiotics along cherichia coli indicates protection from AIEC infec-
with prebiotic from Pachyrhizus erosus in high —fat tion by probiotic E. coli Nissle[]J]. Iscience, 2022,
diet fed Drosophila melanogaster[J]. Probiotics and 25(7). 104572.
Antimicrobial Proteins, 2022, 14(5). 884-903. [78] SHAN C J, LI M, LIU Z, et al. Pediococcus pen-

[70] TAN F, LIU G, LAU S Y, et al. Lactobacillus tosaceus enhances host resistance against pathogen
probiotics improved the gut microbiota profile of a by increasing IL —lbeta production: Understanding
Drosophila melanogaster Alzheimer’s disease model probiotic effectiveness and administration duration[]].
and alleviated neurodegeneration in the eye[]]. Bene- Frontiers in Immunology, 2021, 12: 766401.
ficial Microbes, 2020, 11(1). 79-89. [79] CRESPI B J. Shared sociogenetic basis of honey bee

[71] GOYA M E, XUE F, SAMPEDRO -TORRES - behavior and human risk for autism|[J]. Proceedings
QUEVEDO C, et al. Probiotic Bacillus subtilis pro- of the National Academy of Sciences of the United
tects against a—synuclein aggregation in C. elegans States of America, 2017, 114(36): 9502-9504.

[J]. Cell Reports, 2020, 30(2): 367-380. e7. [80] ZHANG Z J, MU X H, CAO Q N, et al. Honey-

[72] COGLIATI S, CLEMENTI V, FRANCISCO M, et bee gut Lactobacillus modulates host learning and
al. Bacillus subtilis delays neurodegeneration and memory  behaviors  via  regulating  tryptophan
behavioral impairment in the Alzheimer’s disease metabolism[J]. Nature Communications, 2022, 13(1):
model Caenorhabditis elegans|)]. Journal of Alzheimer’s 2037.

Disease, 2020, 73(3): 1035-1052. [81] VALENT D, ARROYO L, FABREGA E, et al. Ef-

[73] CASTRO -LOPEZ C, PASCACIO -VILLAFAN C, fects of a high—fat—diet supplemented with probiotics
ALUJA M, et al. Safety assessment of the potential and w3—fatty acids on appetite regulatory neuropep-
probiotic  bacterium  Limosilactobacillus ~ fermentum tides and neurotransmitters in a pig model[J]. Bene-
J23 using the mexican fruit fly (Anastrepha ludens ficial Microbes, 2020, 11(4):. 347-359.

Loew, Diptera: Tephritidae) as a novel in wvivo [82] LEE Y J, LI K Y, WANG P J, et al. Alleviating
model [J]. Probiotics and Antimicrobial Proteins, chronic kidney disease progression through modulat-
2022, 27. 1-16. ing the critical genus of gut microbiota in a cis-

[74] ILIE O D, PADURARU E, ROBEA M A, et al. platin—induced Lanyu pig model[J]. Journal of Food
The possible role of Bifidobacterium longum BB536 and Drug Analysis, 2020, 28(1). 103-114.
and Lactobacillus rhamnosus HNOO1 on locomotor [83] MCGINN P. Does Lactobacillus reuteri probiotic
activity and oxidative stress in a rotenone —induced treatment improve sleep quality in rhesus Macaques
zebrafish model of Parkinson’s disease[J]. Oxidative (Macaca mulatta) displaying the self—injurious phe-
Medicine and Cellular Longevity, 2021, 2021: notype? [D]. Amherst: University of Massachusetts
9629102. Ambherst, 2019.

[75] NI 'Y H, ZHANG Y, ZHENG L J, et al Bifi- [84] ZHAO Y, SHU Y, ZHAO N, et al. Insulin resis-
dobacterium and Lactobacillus improve inflammatory tance induced by long —term sleep deprivation in
bowel disease in zebrafish of different ages by regu- rhesus macaques can be attenuated by Bifidobacteri-
lating the intestinal mucosal barrier and microbiota um|J]. American Journal of Physiology—Endocrinology
[J]. Life Sciences, 2023, 324. 121699. and Metabolism, 2022, 322(2). E165-E172.

[76] BRUCH -BERTANI J P, URIBE -CRUZ C, [85] HE X, SLUPSKY C M, DEKKER J W, et al. In-
PASQUALOTTO A, et al. Hepatoprotective effect of tegrated role of Bifidobacterium animalis subsp. lac-
probiotic Lactobacillus rhamnosus GG through the tis supplementation in gut microbiota, immunity,
modulation of gut permeability and inflammasomes in and metabolism of infant rhesus monkeys[J]. Msys-
a model of alcoholic liver disease in zebrafish [J]. tems, 2016, 1(6): e00128-16.

Journal of the American College of Nutrition, 2020, [86] ZHAO F Y, BAI X Y, ZHANG J T, et al. Gut
39(2): 163-170. Bifidobacterium responses to probiotic Lactobacillus
[77] NAG D, FARR D, RAYCHAUDHURI S, et al. An casei Zhang administration vary between subjects



503 % H 5 HA WM G RN F ik 455

from different geographic regions[J]. Applied Micro- Msystems, 2022, 7(2): ¢0010022.
biology and Biotechnology, 2022, 106(7): 2665-2675. [92] The European Parliament and the Council of the

[87] ZHANG M, ZHENG Y, SUN Z, et al. Change in European Union. Regulation (EC) No 1924 /2006 of
the gut microbiome and immunity by Lacticaseibacil- the European Parliament and the Council of the Eu-
lus rhamnosus Probio—M9[]]. Microbiology Spectrum, ropean Union of 20 December 2006 on nutrition and
2023, 11(2): e03609-03622. health claims made on foods[EB/OL]. (2006-12-30)

[88] & A B R i A WAy o5, 4 AR TR BR [2023-05-22]. http://data.europa.eu/eli/reg/2006/1924/

LR (2020 4E M) [J]. T E B AR, 2020, 20 0j.
(5): 303-307. [93] Health Canada.Guidance document—the use of probi
Probiotics Society of the Chinese Institute of Food otic microorganisms in food|[EB/OL]. (2009-04-16)
Science and Technology. Scientific consensus on [2023 -05-22]. https : //www. canada.ca/en/health—
probiotics (2020)[J]. Journal of Chinese Institute of canada/services/food — nutrition/legislation — guidelines/
Food Science and Technology, 2020, 20 (5): 303- guidance—documents/guidance—document—use —probiot -
307. ic—microorganisms—food—2009.html.

[89] SKRZYDLO-RADOMANSKA B, PROZOROW-KROL [94] BINDA S, HILL C, JOHANSEN E, et al. Criteria
B, CICHOZ-LACH H, et al. The effectiveness and to qualify microorganisms as “Probiotic” in foods and
safety of multi —strain probiotic preparation in pa- dietary supplements [J]. Frontiers in Microbiology,
tients with diarrhea—predominant irritable bowel syn- 2020, 11: 1662.
drome: A randomized controlled study[J]. Nutrients, [95] Ministry of Health, Labour and Welfare. Food with
2021, 13(3). 756. health claims, food for special dietary uses,and nu-

[90] BJARNASON I, SISSION I, HAYEE B H. A ran- trition labeling[EB/OL]. (2018-06-09)[2023-05-22].
domised, double-blind, placebo—controlled trial of a https : //www.mhlw.go.jp/english/topics/foodsafety/the/.
multi —strain probiotic in patients with asymptomatic [96] HEEMmBFEAY S A HEAEREN ., T/
ulcerative colitis and Crohn’s disease [J]. Inflam- CIFST 009-2022[S]. dbat. WEE SRR AR F 2
mopharmacology, 2019, 27(3). 465-473. 2022.

[91] SUN B Q, MA T, LI Y L, et al. Bifidobacterium Chinese Institute of Food Science and Technology.
lactis  Probio —M8 adjuvant treatment confers added General standard of probiotics for food use: T/CIFST
benefits to patients with coronary artery disease via 009-2022[S]. Beijing: Chinese Institute of Food Sci-
target modulation of the gut —heart/~brain axes [J]. ence and Technology, 2022.

A Scientific Review of Research and Evaluation of Probiotics Efficacy

(Probiotics Society of the Chinese Institute of Food Science and Technology, Beijing 100048)

Abstract  Probiotics are a group of living microorganisms beneficial to host health when administered in adequate
amounts. In recent years, the probiotic industry has thrived domestically and internationally. It has become a global re-
search hotspot and a primary direction of industrial innovation and development by profoundly exploring and analyzing the
probiotics” efficacy and health action mechanism and achieving more accurate, effective and safe probiotics for human
health. The beneficial effect of probiotics is strain specific, and yet its efficacy needs to be evaluated scientifically and a
unified standard for the evaluation of probiotics efficiency is required. At present, based on the systematic analysis of the
research status of probiotics” regulation of intestinal flora and immunity, the Probiotics Society of the Chinese Institute of
Food Science and Technology sorted out in wvitro evaluation methods of whole gene sequencing technology through animal
experiments, population experiments and clinical trials. Furthermore, with expert opinions, provided a set of domestic and
international regulations and relevant standards. This research aimed to provide a reference for scientific research, stan-
dard and regulation formulation, industrial application, and scientific popularization of probiotics.

Keywords probiotics; in vitro test; animal experiments; clinical trials; intestinal microbe



