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%5 :1103241911013467
1.2 #H 5K

A ME A WARA /N REE 1 E s
MW AR A ARAGRAA, GHIESH S .
1103241900009083 ,

E.ZN.A. DNA {5l &, £ OMEGA A H];
BRI A AL R VR T R AR UE
4ifE =99.4% I5 AN W) JOK Sk BEIR ERIR (43
Mral), 20 (i sl 48 0.22um JE 8 ), K
iRk WAk R A PR A 8 K R Atk
1.3 FEHiE&E

HAKIR VKA (900 SERIES), Thermo Scientific
(EH); BANmFLTIES (SW-CJ-1G), 7
M B A AR 2 w) s 2R e TR B L
(H2050R ), KUPHIALE DA BRA A 5 AT IAL
(DJ12B-A11D), JUPHBEAY A BRZ2S A 5 i RO AH €2
WY (Waters €2695), 3£ [# waters A ] ;lon Tor-
rent M /34 (508-U001) .Jon One Touch TM 2
INS1005527 .Jon OneTouch™ ES 8441 -21, Life
Technologies(Z[H ) ; Agilent 2100 Bioanalyzer 331-
1, Agilent ( 3£ [# ) ; GeneAmp PCR System 9700
N8050200, 3£ [ ABI 72wl ; Qubit 2.0, Invitrogen
() ;Biowave DNA 11-3, % [ 134 .

1.4 KWHZE

141 FERME S BB 8K (g:mL)
3R 1:25 1:50 . 1:75 () Lo BPEE 28 8 7K in A 22
Foh i ROR AR E B 2 min, B HG T 5B
Yk B 43 94 0.04,0.02,0.013 o/mL & KU
FEREAEZ N

142 Zhiscs

1.42.1 Zh¥ ol XHEE  SPF USAFE HEYE /D B
40 H, IEHRFEEN 1 EEREILS R 4 4 5
4110 H/NR, BB =R 22~26 °C, 25 S 55%~
70% ., 5 2H/NEL A B E A BRUR ALK 28 o0 2
HEE ZRIRK S A A e e b ARk B R A
FoEW02mL, B 2d#EH 1R, EZHEE 60d,
1422 /PEEEMFERE LEIFHRE,0~8 JH &
L E 8.:00, 1 38 1k R AL 22 22 3 4N A 4/ L
10T B T S MEAEAS R AF T -80 Car I

1423 /WNRBENEWRE HEBHEEK 60
Jei, R ST WA AR B8 /N B, i i) Je TS BT

NOFFEE B MG ENEY T 2 ml EP
o, R R 4, -80 CCUKAR 174 1

1.4.3 SCFAs 7 &g

1.43.1 /NSRS BUNRIEM 0.6 ¢,
A 4 mL 285 77K ,12 000 r/min  #5.L> 10 min, Y&
£ WA 200 wL W ER2 IR 2) R A 10 mL
LTk, FE AR AT A IR AE I 20 min, 3 500 r/min
L 10 min, B E A HUA T8 & 08 1, m A
1 mL 1 mol/L NaOH, Fu/riR%), =R A L 20
min, 3 500 r/min B0 10 min, BUR 2K M5 £ 4
ml #0AFH, IA 200 WL # HCLL R 215 1 0.22
wm (498 B %, BT A5 38 ORI H HPLC 43 FF SCFAs
T,

1.43.2 iEsff A5 symmetryCis (32 [
waters 22 A ,3.9 mmx150 mm,5 pm) ; {40 . LN
1) TR M 7K 75 W (0.025% W5 2 : £ K =95:5) 5 T 3K .
0.5 mL/min; & I % £ : 210 nm; A& .30 C; #EFF
i 10 pL,

1433 SCFAs trdfEMi gt sr B FRILAF 9 45
02 ¢ ML IR . T RRbREM , 24 E 50 mL, il
MIRAG®R, /75 0.5,1,2,4,8,16 mL kA
VS, Fe o 25 5] 50 mL, il 45 3545 SCFAs A ifE %
W, FH0.22 pum (A8 B AL RIS SERE 457 DL SCFAs
Jo b B A A A A W T RECR A BRI SCFAs A
HHIE

1.4.4 16S rRNA miillF MW/NREBNE
YRR S TP R B DNA SR , LA (F.5° ~ACTCCT
ACGGGAGGCAGCAG-3";R:5’ -GGACTACHVGG
GTWTCTAAT-3") ¥ M4 16S tRNA K 541
1) V3-V4 X, PCR AR (25uL) . b FiiE5]
Y (5 pmol/L) % 1.0 pL,3 pl. BSA (2 ng/pl),
12.5 wL. 2 xTaq Plus Master Mix,30 ng #% #ix
DNA, TG K#h 2 25 pl, PCR ¥ 34 & W &% . B
92 94 °C 3 min; %R )5 94 °C 305,55 °C 30 5,72 C
1 min, 3£ 28 MEH ;&5 72 °C 7 min, &
A 3IANEE, KA FEFE S PCR =T IRA
J&, 2% W9 B B WE e R R UK AT R, R
AxyPrepDNA & ¢ [0 g1t 7] & (AXYGEN 24w ) [1]
Weatifk . H Qubit® dsDNA HS Assay Kit (Invit-
rogen , 5 [E ) X] C 4lifb 1 7 34 7= ¥ #£ 47 PCR 7= %)
)5 153 AT o
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FETF MluminaMiseq PE 300 V-5, #4 & MiSeq
PE H4fa 2 , JF % He A7 v i 5 0, F A Trimmo-
matic Pear XJ 15 (1) Fastq (P47 45, B e %k
Bk Fasta J7 9 (94 G 4K, FIA uchime 77k 2% 0
VB PR Le R B 4 H B LT (Denovo) 7 5 &
B A EE EAR 43, IRl B S BT & 2R 1 A )7
G 345 By 8 . SRS QIIME (Quantita-
tive Insights Into Microbial Ecology) X 97% 14
LK 2R 257 Bk Y 8 E 43 28 558 (Operational
Taxonomic Units, OTUs)#F1T4: 115 B 220 H7 .
145 RS B e M 2 A8 R e 7 o B

e B QIIME 1 43 BT It 72 #E 47 ) b 43 28 b 7 119

e, I VLT 6 B il 28 (rarefaction curve) .Rank-—
abundance Hi £& F14 F RFLHH £k (species accumu-
lation curves) M2, 118 Shannon ZFEHE+8 4L
(Shannon index) .observed_species $§ %% 1 alpha
LZFEMETER, BJE TR SRR R(Version 3.1.
3)VVERE L AE LR 21 OTU table 19XERN I R
H 3 T2 1 A 5 5 1 (LDA linear discriminant
analysis) i LEfSe (linear discriminant analysis ef-
fect size) B IEXTAIMR] 25 OTU #E17i ik , I A2 P8
XLEEZS OTU MFEERM R (Version 3.1.3)1
PRI ffi ] Cytoscape (Vesion 3.2.1) %k
Rl EAEM 2
1.5 #EZItHH

BRI ATEEZ, 8N H Excel
2010 FAT43HT, R SPSS 22(1BM, 3£ [#) 17 5
N J5 22501 (ANOVA) , 3 FHl Tukey ¥ 56 5k H1 5
W3R, P<0.05 R i g VEE S

2 ERERWH

21 BETHE/NRIFERE Y EEIFE
2.1.1  SUFES R OTU 0 bR ABFsEH, 12
AREARILIRTT 724 882 &R T F, Hh 99.93%
B %1 B K BEAE 400~480 bp =2 18], [H A 40 74 (1
16S rRNA R V3-V4 X (124 K By 464 bp,
PRl I RS2 6 ) 5 TR e B 4K B8 BB 7 35 V3-V4
X, LL16S rRNA K75 A AL B 5 40 TR J3 25 |l
AL 2Z B B AH SCPERF G AR, 7E 97% 19 5 51 AH AL
PR B XI5y OTU, 12 S HEARTRE] 1405 4~ OTU
(% 1), KRRz E OTU B AL K 2 il

W1 iR, W IRZEA OTU %0 H R 1049 4, 53
BRI OTU 3 H Jy 612 4, Hop sk i3
ZAM OTU B H &£, H 1160 4>, 554 71 4~
WREREF 4] OTU 4L45 904 4> H5 A7 21 A (R He i
FFEMM OTU 4 1051 4>, 554 41 4 X R4
1) OTU F£4 1049 4~ 554 57 4>, BEHH ke fE 2
WM AR ZE T /N U I8 B R R 0 42
Tt OTU FFp 2 8] Fy WG OC & | J2 43 B 43 1 1
BRRE A HE . FE OTU TS5 B ILml b vl X «
ZREVE B ZHEYE W B AL RN 25 S 1 43 AT S D T
Bt — 2 5

1 Z4A#mMOTU £ HH Venn

Fig.1 Venn diagram of OTU number in different groups

x1 EHEEBPFEINF OTU(97%ME LK TE )
Table 1 Numbers of reads and OTUs (97% similarity

level) in the library of each sample

_ BRE  HL5OTU X ,
e F 5 o4 ) 4 OTU %A
C1 109 974 108 489 533
C2 43 993 41 279 800
C3 45192 43 768 789
H1 123 844 120 196 863
H2 33 792 33 271 579
H3 40 656 40 377 563
M1 71 766 71 180 576
M2 68 736 68 206 529
M3 84 765 83 811 595
L1 37 693 37 197 668
L2 34219 33 665 588
L3 44 780 43 443 791
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2.1.2 BTG /S B I8 A W R 2 A v AR
R 12 AN REAS F 2 SE Y 1405 S OTU B
¥ Y Greengene (version 1308) 54 & #E 47 tb
BB OTU W) Fh e B O, LA I
9 N1T.16 144 24 A~ H (37 AR 95 N JE AR
WA (K 2), 44/ B 38 g e 35 1]
R ] (Bacteroidetes ) FllEBE R [ ] (Firmicutes ) ,
W EF SV 97.49% . Xof HRZE/IN BRIV 3l JEE BE
I'T (Firmicutes) (%) &% & i F & , 29 /5 &5 51 5
63.43% , T FUFF 1 1] (Bacteroidetes ) i & 57 51 £ 1)
34.58% , HAXHI UL E ] (Actinobacteria ) \E B
B '] (Proteobacteria) | 4% BE B '] (Tenericutes) | 12
e (Saccharibacteria ) F1i#% 41 5 ] (Cyanobacte-
ria ) (AR = BB, BN T 1%, 350, ASRe W
Fi g 2 R M A4 B T o 20 0.05%, S5
DR MR A BN AR LG, E R R K&
2H /N BRI 3 P TR BE T ] (Firmicutes ) 21 B8 AH X 3 B
REAR, b R Z 2 000 O 43.12% ,43.53% 11
39.26% . Wﬁﬁl FFEE 1T (Bacteroidetes ) 20 B B9 AH X 3=
JE S, b R R AL N 52.65%
54.54%%11 58.86% . LA, HE B LA 2% A 4
A B 28 1 7] (Chlorobi ) 41
B UHET (Bacteroidetes) B TR (Actinobacteria)

W JYREET) Firmicutes) B Other
B I (Proteobacteria)
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Fig.2 Effect of quinoa on relative abundances

of dominant phyla in mice

J& 7K V- 4 4 b A B S 2 S o M v TR 4 R
TEJR K- L, e J3E 2 T A 55 08 B 2 o T L L
BRI, LR ey e J3E L T AP 5 0T MR 2 ) R A 4 A
ARRATF , BEIIZEZ B 3500 T/ WU
TE ) J KV AR R, 50 BRA AR L K

AR B

Relative abundance/%

FERMAKE L, 45 20 /0N B 38 TR R 32 22 b Al
XF R ARG I L 3 e, R RRZ /N U 1 R
JEE o 3 A B r o0 il 2 AURF TR ) 827 B (Bac-
teroidales S24-7 group) . J&BEE ] B 12 W B
(Lachnospiraceae) 7R EKHFF(Erysipelotrichaceae)
FE S B (Ruminococcaceae ) WM . F B L3R
KR EZEEAATE R (Lactobacillaceae ) PR
Bl (Rikenellaceae ) AL Bl (Coriobacteriaceae ) Fl
W2 FT B BF (Helicobacteraceae ), ZBZEFH W T TW)T ,
UFFEE T S27 B4 (Bacteroidales S24-7 group) 5L
FFE B (Lactobacillaceae) . % T8 ¥k K B B (Pre-
votellaceae ) B PR & Bl (Rikenellaceae ) 1/ A X =
FEA Fr B, i B MR E Bl (Lachnospiraceae ) AR X
FHERE TR, Y EF(Ruminococcaceae ) 1
o BRI B} (Erysipelotrichaceae ) [/ A X 3 B2 Bl 5
B A7 e BE S RIS B By, R e vk FE R A
WA S BB (Ruminococcaceae) WA F %
G, ) M v i o ARV ke 32 2 22 S A R 1) A T
FE A b E . moH R Bk oW R
(Erysipelotrichaceae ) % 21 %% i Bt (Coriobacteri-
aceae ) (W) AT ~F FE 7 1) W i Wk JE BE A2 I BT
i W v JBE TR o B R A ) T e

[ ] mumns 784 (Bacteroidales s-lunup O AUHFIF Lactobacillaceae)
kI Iceac.

. SREF M Helicobacteraceae)
Other

100

O

CGroup HGroup MGroup

215
Group
B3 FEEXWMRBEFEHMKELHENEENZME

Fig.3 Effect of quinoa on relative abundances

LGroup

of major bacterial family in mice

H/NRIpE P EIREKEE  (Prevotellaceae) \$)
IR R & (Alloprevotella) . LT B J& (Lacto-
bacillus) X 8 B 3R J& (Ruminococcus ) 1 FH X} £
Ji 5 2 T 55 (P<0.05) , 50 BRZLAR B, vk J3 40 5%
3 AN E A AR TR B AR R, R e T
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10.21 %5 .79.67 f5 41 3.71 15, 1 B2 R (Lach-
nospiraceae ) [ #H X =F B 1 3% B#AIK (P<0.05) , # Lt

XA o R EH O EE o B R T
65.75% ,61.67%F1 74.17% (% 2)

— —
c_2 [ N T T 1
—{:——————MJ | [T |
L3 [ MM
o
Hot [ T T |
H 3 |MRIRAE (-
He T [ |
B eamn
M_3 HiENI B
S i
M_1 H'EEE B
L 1 1 1 1 ]
bl 0.0 0.2 0.4 0.6 0.8 1.0
0 0’ A B
Relative abundance
[ unidentified

B £420% )8 NK4A1364 ( Lachnospiraceae NK4A136_group )
W SLAGEIR ( Lactobacillus)
I TR 8 _1 (Ruminococcus_1)
WHTIR IR _UCGO01J8 ( Prevotellaceae_UCG-001)
O %55k &8 Alloprevotella)
. uncultured
I #i ¥ 3R R UCG-014/8 ( Ruminococcaceae UCG-014)
O 5 kiils Alistipes)
. FEFFIHIR ( Faecalibaculum)
O &' i) Roseburia)

& 4

B it i 0% ¢ Lachnoclostridium)

. Anaerotruncus

I i 9 M2 4089 C Ruminiclostridium_9)

. Eubacterium_xylanophilum_group

W 008 Bacteroides)

W T 5 C Oscillibacter)

W 40850 F_UCG-002J% ( Coriobacteriaceae UCG-002)
O s b6 (R uminiclostridium_6)

B s 408  Helicobacter)

O other

NRIFEE BB KT M ER S FTAERE

Fig.4 Histogram of genus level species composition analysis of intestinal flora in mice

®2 EENINRBERHIZBXKENZIW (n=3)

Table 2 Effects of quinoa on relative abundance of main genera in intestinal flora of mice (n=3)

4151 S EFRKHEE _UCC-001 MEFRKE LA AMEY BHREEM  LEH B _NKIAI136
H83F F L% B A8 2 F JE (% F E 1% *FF JE % H8F F L%
X} FR 4R 0.43 0.09 2.62 1.39 26.48
&R B 2.34 1.76 3.12 0.81 9.07
oK B2 439 7.17 9.72 5.86 10.15
&3k B 40 5.17 1.04 9.86 4.98 6.84

2.2 FEIINRIFEMEDNY TS EME RN

SR A TR HE A Xof /N U 18 D R R AR S5 4 1Y
YER AR FEARTERE ShZE 97 %A UK F- L %] 43 1
OTU #t#5, FIH QIUME X & AEA K o ZFEEFI B
ZREVEEAT 0T o o Z2REPE ST X B — T A
PR Z AR R bR, EREE T AR E R
i R R P Rl 2 3 ) 22 RV (R ) R R W o
o7 LU (5T B ) o R R R A il X AN [ A A

17 8B, XA TRIREAS (00 75 8 B2 47
TV BB 5a nTRLVE /N BB T8 TR R 09 R
M4t T30, P2 Ay Ecs i R AR D
B OTU, 8 B 45 2R BB A% S WA A rh 28 X 22 8K
I AE P05 BB o Shannon $5 %5 28 5 B 1>k Sz e i R
Z 4%, Shannon FEEEE K, RN 2 HE P
= o HE Sb Al SXFRR AR E Pk E A 55 H
2 Shannon 8 048 M 23, = Uk B ORI M6 B 4
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Fig.5 Rarefaction curves (a)and Shannon curves (b)of intestinal flora

Shannon f8 8BS A T R, U HE B R E K G  TESRE
P B /N B UE Y o ZREHZ AT 52,
2.3 FEEZFI/INRIEEFEDR SCFAs EEMF T
SCFAs J& /i 8 Tl A= Wy A E IS 5 1 Ak Ak 7K
EEYIE L 271, e e+ 8 E H D he
EEIEF EEMMEN 50 A E B R K
(1) 45 2H /N BRUE A v 2 R FNTN R 1+ =2 X9 P I
F,TREEEAV R (K 6), mikEHLR
EHEI A T T 16.5%, 2 5 B3 (P<0.05),
R EAMEEEN RSB NI & T 4.3%
1 2.5% ., o AL vk 3 2H RIS VA 2 4 1) T TR
oy B X BT S T 16.2%,23.9% 1 5.8%,
1T R & s ANUBEA &, RO A T R, R BIK
TR AR /N B E T SRR AN R 1 &
TR R AN

Tl ozad
. #
&7 E
16
B R
14
i = O @k E
EREYS
& W
Eof
oz )
s E 08
- O
E 7 oos
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IAAAA

o
B 6 /ME3EEH SCFAs & &

Fig.6 Intestinal SCFAs content in mice

3 itig

SEFE T AR 38 1 45 Fh i A= ) 5 LR — 1 Ab
FRhASMEAER T, i B S5 H F A i 2
B 2 R E G5 04 FNE F5 (0 48 55 D21 2 i1
W 0 B S EL 23 06 g 3 T AR ) 285 4 7 A R
o — S DL AR W A I B 3 2 3 A 3 T
BERIVE T B E 557 A e B 5 2 X
i T T AR A 3 45 P RT3 1 TR AR o A R R
Bl Bl A R

A ST R 168 rRNA = i 520 )7 5 A |
G AN [R) ¥ FE (14 2 22 2k /0N B T TR BE 5 1 R
Wiy, AFF 5T 2 B0, S5 4 /0N BRI 3 P BRI 22 R LR
WA KA AR, (H N B i AR 2 4 R
T W EAL, TETTKOE L R RE T AR BT
RN ATE I () 781N R A O Ny 0 -
H 5 I AN G 00% LA L, BATTAG S0 g A
PR B HAT B WA BERA R, A
B B8] X6} fign 3 i 5 R e R RN AR v xR 4
AR LL 3 56 20 v JERRE BT 1) 0 R X B R R T
FORT BRI 1T AR G =F B 3 T il SR RE T 1)
AR R MR 25 B VE R A TR, J8 T
SR RN B e B T R SR 7 A B2 AR
S8 S 2 /N BRUSEBE R 1 LG 35 A IR AIS T g
FEOTE TR AR WA TR, 7R
/NERZEE  SCFAs 7 B it & B IG5
2 /N B A e ) TR e AT B AL A3 B A T
0.71%,20.38%F1 9.72% ., 1£ NAKZE W b, BT S
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5 TrZ K msh, BAHLEEd4EL
WE AR A RE ), RE I8 o Z 05 A FH AL A PUL A3
1Y) TR AR 28 SCMR S & HL 2 i T R A R o G
W IENELZHE A AT RIEW T, RARRIERG R
FEW TR OGS 5 EP BA YR K & e
NI PN Rk = QTR /NN VY 5 =) R W N N 7B |
7 A 1) SCFAs F2 22 LA 2R RN R 14 8 AR AE
X HE R g 18 N RS A BAT B P, AR R B,
6 20 /I U 38 AU R T) L9 B S, A LG
XFREZH /N RS v SR AN IR 1Y B it B 1 1
. 2 WIZE 22 e b i ik X P T LR T
1 ), 32 T v SRR AN R 1Y, AT XS A
e R B AT 4 MR T o A RIFTEARGE , 5 I8 i BUA
NEREAAH E, 92 BUE W 925 ) R N S0 (9 40T
B0 B 220 3 W HDUAT T B8 i 14 n a4 mT g
Bl A B A

TERPK b, A2 &5t TP ] S27
#t (Bacteroidales_S24-7_group) . FLFT 7 F} (Lacto-
bacillaceae ) % B3 1K B B (Prevotellaceae ) N PRI
B Bl (Rikenellaceae ) WA X £ B | AR T #2 H #
_1(Clostridiaceae 1) #2% _vadinBB60 F}F(Clostridi-
ales_vadin BB60_group) M &I HF} A AHXS £
WFFTE B S27 BHA B FLAT e 45 A S Aok Ak &
P RE S o T R 7 R, T IR R iR
FGSE IR 45 D RE X A B 14 2P FLAF IS
LB b i 324 65w, A sE R AEHT, T
DAAG 24 B4 41 0305 it o A B T TP e A, AT AR R
JV 3B 5 B DI RE , i S RE S WP, 8 T R TG AR
B o3 fif & B OB K AL 1, 38 BOA N S —Fh
5 { B AR PR AR B AR DG R B, 7R AR T R A 4
AW THIVER . R R KR R S A HE G
T, 22 P AR E S5 R SO AH G . T i N 7R
IR DR 10 7K1 5 IS Rk AR 1 PR 28 5 1 BMI 4
BRI F AR | 0 AR RS P RE D5 I
AHOGEY, Dubin SEPHE T 25 W0 e B T 40 208
BE M7 R R, L AWIRIT Z ), 4
AR, S5 % mIAE W B
P Sk, AR P B SDURF TR, U R BB B R Y
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Regulation Effect of Quinoa on Intestinal Microflora and Short-chain Fatty Acid Metabolism
in Mice

Ma Shuangshuang', Wu Youzhi®, Jiao Lingxia", Zhu Mingming', Ran Junjian', Liang Xinhong', Zhao Ruixiang'
('School of Food Science, Henan Institute of Science and Technology, Xinxiang 453003, Henan
ZSchool of Food and Drug, Shanghai Zhonggiao Vocational and Technical University, Shanghai 201514)

Abstract To study the effects of quinoa on intestinal microflora and short—chain fatty acid (SCFAs) metabolism in
healthy mice. Select 40 SPF  (Specific Pathogen Free) adult male mice were randomly divided into high, medium and
low concentration gavage group and control group. The mice were administered intragastrically at 0.2 mL/2 d for 2 months.
Collect the contents of the cecum of mice in the ninth week, extract the total DNA of the gut microbiota, amplify the
V3-V4 region of the 16S rRNA gene through PCR, and analyze the sequencing data. SCFAs were extracted from the fe-
ces of mice at the ninth week by ethyl ether extraction method, and the changes of SCFAs in mouse feces were detect-
ed by high performance liquid chromatography. Quinoa has the effect of altering the overall structure of mice intestinal
microbiota. The proportion of Firmicutes and Bacteroidetes in the intestinal microbiota of three test groups significantly
increased at the phylum level compared to the control group after feeding with quinoa syrup. At the family level, quinoa
significantly increased the relative abundances of Bacteroidetes S24 -7_group, Laciobacillaceae, Prevotellaceae and
Rikenellaceae, and decreased the relative abundances of Clostridiaceae 1, Clostridium vadinBB60 group and Lach-
nospiraceae. At the genus level, the dominant genera in the mouse gut were changed. The relative abundances of Pre-
votellaceae , Alloprevotella, Lactobacillus and Ruminococcus were significantly increased, while the relative abundance of
Lachnospira was significantly decreased. The contents of acetic acid and propionic acid at the medium concentration were
increased by 16.5% and 23.9% respectively compared with the control group. Quinoa can inhibit the growth of harmful
bacteria in intestinal microbiota to a certain extent, and maintain the balance of intestinal microbiota by promoting the
proliferation of probiotics and the production of SCFAs. The results lay a theoretical foundation for the development of
quinoa functional foods, and provide scientific basis for future rational diet and personalized precise nutrition.

Keywords quinoa; intestinal flora; short—chain fatty acids; regulation effect



