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542 AL IEALIEATAD KA R, DY6 KB 2 449 A T % 38 b & AATH B (Odoribacter) = A7
Z4F KA B (Blautia) 5 2 A A 5 ZMBEANEBAITEZEAX, DEFROKRBDETA B
(Helicobacter)#= Colidextribacter 5 & fEARAL 9547 2 140 % . [448) DY6 & 8% 2 4443 8 id 1
T EMAE DA LR W, REHER BT FR, 95 KUEAR K AZ 5@, B EARALE
Ky AIFRBA Vb M ARALG) ) R A R R A R -AE T #3709 5L R T X An B4R 4B .

XHIR): AW ILEATE DY6;, KBS, A MEMAED

PEENIUH « 1l AR 8 E R T RI(2022CXPT042); T PEAL R B V6 X EH S0 kK (2021AB13022)

This work was supported by the Key Research and Development Project of Shandong Province (2022CXPT042) and the Key
Research and Development Program of Guangxi Zhuang Autonomous Region (2021AB13022).

*Corresponding author. E-mail: dengyu@jiangnan.edu.cn

Received: 2025-02-20; Accepted: 2025-03-27; Published online: 2025-06-05



3976 FANG Shugqi et al. | Acta Microbiologica Sinica, 2025, 65(9)

Fermented soybean meal relieves constipation induced by
loperamide hydrochloride in mice

FANG Shugi', LIU Jingyu', YANG Xiaoyan®, LU Yanbo?, MAO Yin', DENG Yu"

1 School of Biotechnology, Jiangnan University, Wuxi, Jiangsu, China
2 Shandong Bohi Oils and Fats Industry Co., Ltd., Shandong Bohi Industry Co., Ltd., Binzhou, Shandong, China

Abstract: [Objective] To study the relieving effects and potential mechanisms of Lactiplantibacillus
plantarum DY6 and the soybean meal fermented with this strain on constipation in mice and to
develop non-toxic feed additives with probiotic potential. [Methods] Constipation was induced in
male BALB/c mice by gavege of loperamide hydrochloride. The modeled mice underwent long-term
feeding with the soybean meal fermented with DY6 or gavage with DY6 suspension. Linaclotide
served as the positive control. We then systematically assessed the effects of fermented soybean meal
on intestinal functions, immune factors, metabolic profiles, and gut microbiota in constipated mice.
[Results] Compared with the model group, long-term intake of the soybean meal fermented with
DY6 increased fecal moisture content and intestinal motility (P<0.05), ameliorated goblet cell
reduction and lymphocyte aggregation in the colon tissue, lowered the serum levels of tumor necrosis
factor-o, interleukin-6, and vasoactive intestinal peptide (P<0.05), and elevated the fecal levels of
acetic acid and butyric acid (P<0.01). The fermented soybean meal modulated the gut microbiota
structure. Specifically, the significantly enriched probiotics Odoribacter and Blautia were positively
correlated with indicators of relieving constipation, while the significantly reduced pathogenic
bacteria Helicobacter and Colidextribacter were negatively correlated with indicators of relieving
constipation. [Conclusion] The soybean meal fermented with DY6 alleviates constipation by
modulating the gut microbiota structure and metabolic profiles, restoring intestinal electrolyte
homeostasis, and suppressing inflammation-associated signaling pathways. This intervention
establishes novel applications and a theoretical framework for developing functional biological feed
additives capable of both preventing and managing constipation in animals.

Keywords: Lactiplantibacillus plantarum DY6; fermented soybean meal; constipation; gut
microbiota
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2%,

I ARG

1.1 Y FNERE
PN RS L/B ok SERIN: e 2SI L

Bl , FATESR 5 O SYXK(77)2021-0056, 5K
553 A 7 JE I B TC R E R R AR (specific
pathogen free, SPF)Z i BALB/c /N, 14 I
DAY EARARAF . SR % h
VLR RSB sh e B B it JILuES .
JN.N020231130b0300107[574].

HYIFAEFT A DY6 RS S0 28 {8
1.2 EEAFIFYEE

RIS R T R, PO AR A A R A
Al FIAR IS BR A RE, BT Hir 1) 25 4 R F
TEERRY , IR R e AT A R R 5 BT
fre, IR EIRAE DR A PR F]l 5 TNF-a,
IL-6. B 3h2 (motilin, MTL)FI VIP, | iREHEcA:
YR A FRA A

R AA AL, Shimadzu A H] ;
R R EDHL, SRR G R B (P E) A BR A
Al; MEPRIY, BioTek Adl; EHAW¥ R TIEML,
TUHZ EBHIRA AR A
1.3 DY6 AEEZHHiAR &

BRI GHT . DY6 FP F IR (3%-5%). &
FIifF(>1 800 U/g). 7K(50%) . % (3%) M EEE: K
GY)RAYAEE TR A #H4Et, &T37°C
REFRR TR IRE K EE 48 h, B 7E 55 °CHET .
B S EG v O R AR 4 FE Ak AR} Hp ) R R
ok DY6 K EMI(BLEFR R DY6 fakh), ML
I Pr ) IS 25 A ) TR AT BR BT AT A A2 P
IR Ty A S B R B A3 o TR R o
1 E 4L
1.4 sILIIFIT

BN HL A AL 5 41, B oA B4l
(Normal), # %I 20 (LPDA). DY6 1 Kl 4 (DY6-
F). DY6 W EBIAIT 4 (DY6-T) AR G TT
H(LNLT-T), &4 6 H, 3t 30 H/NR. 1EN
PEMRESE 7 d JGE AT, TIOHERL: 214, K
8] DY6-F 1AM DY6 Tkl i E g sh o, Hiib
0 ) ML OE R G RE . B 8 R T O o B A O 4R 4
2 8, WEEIZGYNIEIR T BE 10 mg/kg bw, FR
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Normal ZH/NERAN, HA/NRIIHEE 0.25 mL %
WRT Bito 55 21 RIFGRIAITIAITHFEE 1 ], &K
%5 DY6-T (1x10° CFU/mL)F1 LNLT-T (100 pg/kg)
2N B HE E0.25 mL AH R e B 1Y B TR B 24
¥J, Normal, LPDA Al DY6-F £H W 4 K 3 B
0.25 mL AEHER K, FEREAST I AR 3 d FRE
/N B AR S T B i
1.5 EhESEHLABE/NE

PERT 12 h XN R A T 2R AN AR K Ab B
-AJﬁ@aaﬁmLmﬂ%%%ﬁmS%m
AR IS FI 5% 16 Pk k), I sk e 15 B ] .
WEE AT, KN B ) O R T v
o, il ER T A AR N BRI S — R R 2
fEABTTE],  BP A b R B[]
1.6 ZEEZKEHRNE

WA /IS BRHE L T B 2 0 T T i v i S
DT, RERENEE, A A A E T
ML 24 h e B D FRE, iC b3+, 2
AR A (DR
st fi Ao e SRR — FEfH T
FEE KR = ST
N E
WARAE R G, RSN B ET 1 R e b Xt

x 100% (1)

1.7

e 1R, BH/ANRES 025 mL A&7,

30 min F%@i’bﬁﬁJ_Eﬂﬂ: THR BRI . A
BF, R ]2 A, M R NS
#R 2 B M Lo K ) MR R 2 (B R 2
ST AT IR B, NAHEERIHE A (Q2)

s
IR AT 2 o
/N R = AT x100%  (2)
1.8 AL RIBEMNE

W /N BURRBR AN SE IS, BRES AT 4% £
RHBEPEE 24 h, BAKGEHATA IS U]
R, IR AN - LD (H&E) L 0, & Jm et A
BTG BT LW HLAE Y, He Rk 1 XTaS
e 2 A PR B2 PR
1.9 I & BA AT BAF0 5 E B F 4

{8 A ELISA 30550 S Aar i /)N Bl 3+ 8 i
AK(MTL, VIP) K % 4iE K+ (TNF-o, IL-6) 1%

I bR T AR
1.10 SHEBIEHENZEEF SCFAs B2

PRI 50 mg /)N B & T 500 pL 4 F1 4k
AR, VK EEE 15 min 5, SRS
IYBERE, SRIGHNA 20 puL 10% Mfilk, IRi%IRS)
TR . PR SRS A Y, ) o

AINRIEATEE B AR 12 h ARBE. 7ESHH S A 800 uL ZBEASIURE i b A EENR IR, HiR

1 H&EY R HREFITESD

Table 1 H&E section pathology score

Istopathological alterations Score Descriptions

Lesion involvement 0 Normal colonic architecture with preserved epithelial integrity and intact crypts
1 Lesion involvement ranging from 1% to 25%
2 Lesion involvement ranging from 26% to 50%
3 Lesion involvement ranging from 51% to 75%
4 Lesion involvement ranging from 76% to 100%

Lesion depth 0 Absence of inflammatory infiltrate
1 Inflammatory infiltration is confined to the mucosal layer
2 Inflammatory infiltration is extended to the submucosal layer
3 Inflammatory infiltration is extended to the muscular layer

Muscular layer thickness 0 The thickness of the colon muscular layer is normal
1 The thickness of the colon muscular layer decreased
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IBASIJGEAE 4°C. 12 000 r/min &5.0> 10 min PATTE
Ze ., W FIEZeat 0.22 pm JE R E TR
S, Al A AT B, R SMR
1148 SCFAs & .

SOM B35 53 B A 1 Stabilwax 8 3% A
(30 mx0.32 mm, 0.5 um); FHSHA, WHEN
2 mL/min, #EAERFUEE N 1 ul, 4N
10:1, FHERE PN T SET . BIHEE R
100 °C, 4% 7.5 °C/min FHEZE 140 °C, RJ5 Fif%
60 °C/min FHE % 200 °C, {##F 3 min, B
Fiﬂ‘j 220 oc[IS]O
1.11 /PERFE{F 16S rRNA EREMF

PR BN A/ RS % 2 TR TR (L
AR A T, 4% E.Z.N.A Mag-Bind Soil
DNA Kit (BioTek 2~ w]) Ui B 15 $2 HUE DNA. LU
o U 45 4% 1) DNA S BifR, HE17T 25 407 16S
rRNA JE[K V3-V4 [X 1) PCR §38, Hrp Fiiz5]
YN 341F (5'-CCTACGGGNGGCWGCAG-3'), F
WSl ¥ K 805R (5'-GACTACHVGGGTATCTA
ATCC-3"), PCR ¥ 3 & & (30 uL): 2xHieff®
Robust PCR Master Mix 15 pL, [, TG
(10 pmol/L)4% 1 pL, DNA #ZA#g 1 uL, ddH,O
12 uL, PCR W &1 : 94 °C i 2% % 3 min;
94 °CAEPE 30's, 45°CiBk 20s, 65 °CHEAifi 30s,
S5AMIEER; 94 °CAEE 205, 55°CiEk 2055, 72°C
FEfH 305, 20 PMEH; 72 °CCLIEfH 5 min, PCR
FNEEAG, T 2% RO B B R e i Sk AG I 7
Y, JEREREEY PCR P i ek alifh, Wtk
4ifLiy PCR 724, BfiJe, UEATSCEMIEE, Jffl
FH Qubit 1 qPCR Jr XA LA (1) SC RS 7 g 12,
SCEEA RS, 3 Mlumina 3075 24700 % .
MFPEsFaE R G & B T MR Ak
1.12 HiESHH

A 5T T A B SR T 2 B A o 22
(mean+SD) 4/~ , {# ] GraphPad Prism 9.5 5 R
WHE K. BRI ek RN R T 257
Br (one-way ANOVA), Ml 7 £ & ¢ £ 56

(Student’s ¢ test) 7 Hr i E £ . 5 LPDA ZHAH L,
*fR 3R P<0.05, **f{FE P<0.01, *=fLFE P<
0.001, ***+{{3 P<0.000 1; 5 Normal ZHAH I,
#10 F P<0.05, #1tE P<0.01, ##it £ P<
0.001, ####fLR P<0.000 1,

2 HBRE5M

2.1 HEYEEHE DY6 RELEET A
R ERNRAERIBREE85M
ARWFFEMELE], Normal 41/ BAE LA 521
WIR A R KRG sh R YR BIE R . H
Bl1 kB, fE&EB NS Normal 44 Lt ,
LPDA. DY6-T Fil LNLT-T 41/ A &1 Jo 4k
HEIE T IR, XATREE T E L H HhRiK
WR T M Je /N BOR S AIR K, W T8 P PR 38 4 K 1 ]
R AAER, FEOLE SRS FRRIREE T
Feo PIE, MES 20 KFF4f LPDA Fl DY6-T 41
/N BRI A E 44t 25 I T Normal 41 (P<0.05). #
A7 25 0O 33 2% 200 ) WU AT T 22, S o k{68 6 i
L WIWFIE AR R B, e B N /N RO iR R
AU TREE, SRR RE—3%. DY6-F
Y TERE A B T IR S TR, 2
3dJEBEIET;, FETEE AR LS R AR T &
W ACE . 5L EI, DY6-F 2 il fA & A8 1k
HiEgaA a5, Alsy kSRR A
TR, B2y 1 B SRR REITE . FESS 20 K
i, DY6-F 4 )&k & & % /= T LPDA 41 (P<
0.05), JEFEIRIT WIZE A i T H A AL . FEVRYT
N, LPDA. DY6-T 1 LNLT-T 4/MR VR
w ARSI A T, H&NZRAAEZES.
TR T ZE gt , LPDA Fl LNLT-T ZH/M A&
AR BT K, (HARE AT AR
HIs 1 DY6-T 4/t & AR EE 44 1 T
BLRT, Won B IR R R, BRI SE T
T DY6 2, DY6-T £H /) fil A8 Fib 45 5] i 3%
Jo 38 7 18 R AL AR =, B T R R
[, DY6 o3 1T 5 Ak /N B i 3 405 A Bl
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MEZEAL, R T WL 8 F32 9 o i 1 A W A R
I, RERKGE W Z k. LA, DY6-F
20 /N B £ B i FAR EE Y % T Normal 41 (P>
0.05), RHHARIT LB RIBEFOHEE
TR AR E K

DY6 T HilJ5 i 7 RO T LNLT-T 4 A9 5
KAl fig s DY6 M LY nu et A . DY6
KRR mA b SEH IR . EREZMAE L
MR FXUR ) T, 386 o4 i 1 iR R A IS B 1
FEE M, T PR SE T /0N BRI 5 B i A A i 1
Ko XEM DY6 K H &I =WrEdt AN R I
J&i . BEME XL /N R B B B AR ER 7 A B
sein, JF HaXFCRIE T LNLT-T 4.

>

[y

S (V) [} (V)
T T

Food intake (g)
TN

& 11 14 17 20 23 26 29
t/d

Bl ERRAIEREAFIEE®)
Figure 1

2.2 EMAEITE DY RHEHAE S A
RIXHERE X B REFRAY S0

TR A B[] R /) g 4 0 8 S e T g 1
Fia R, TS E KSR R T R AE XK 4y
(B RICRE Ty, = S TG AL Y 28 AR
mE 2 v IES], 5 Normal ZHAH I, 7EERSE
B J5 LPDA ZH B 1 A S 5 B[R] o 25 1S i (P<
0.001), /Ny #HE#E=R I ZREAL(P<0.000 1), ZEfH
FKRBE TREWP<0.01), BEHERHTEIR T Hieids
SN R SR N . 5 LPDA 4HAH L,
DY6-F. DY6-T Fil LNLT-T 21/ /Mg i
I E R AR s [ 1 745 3] 8 2 A0 (P<0.05), 156FH

-o- Normal
= B -+ LPDA
- DY6-F

§ 11 14 17 20 23 26 29
t/d

Body food intake (A) and weight (B) in constipated mice. Compared with the normal group, #: P<

0.05, ##: P<0.01; Compared with the LPDA group, *: P<0.05, **: P<0.01.

E 2001 < 801 80
E <
= HitH 8 <
g 150F £ =
g sk sk s g
= 100} % & 3
= =
2 ES
2 sof 2 e
E 3 g
2 g
2 N I 078 oF 8 & &
Q> . . . > ) . . Q) ’ . .
FE &S & S RN L FCAPN:
< oS ~ OO ~ NN
Group Group Group

B2 (ErREXERIER

Figure 2 Routine indicators of constipation. Compared with the normal group, ##: P<0.01, ###: P<0.001, ####:
P<0.000 1; Compared with the LPDA group, *: P<0.05, **: P<0.01, ***: P<0.001.
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T DY 6 fa R FIHEAT DY6 BT T AE 542
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2.3 HEYIFAEITE DY6 REAE S A
L3 8 Rk /)N BRI B BA A9 BA K S HY
=AU

T K S A AR S g A T %
T RS 5t g 3 - T L %) 00 o 0 K
Ho MTL 158 E 2R XA E MR, EH

A 400 -
koo ok

300 -
2
E‘f 200 | i
o
F
=

100 |

<~ AYARN) \/%
Group

E3 (ERRIES BT F
Figure 3

22 NEIEFRA N EBEZ K, REMS A i B
BB 7= A R AR E i iz st vIP J2
— P E R, LR T ITR
S, AT T IR A2 A 1 g5 AR RS I R
WIvEIG 3l , (X S i BEAG I B s B R 4
SEHEHEVERE S TR, I 3 AT IR #,
5 Normal AL, LPDA 20119 2445 VE B iy
Kk MTL 7K i 2 R [%(P<0.000 1), Tl B
J IR BK VIP ZKF 8 3 585 (P<0.000 1), 5 Cai
ERR I T 25 AR IR . X BB IR T M S B0
WS SN L PR, BRAR T
WiE G sh e J1, 5 LR/ o 3R B BRI
TR A S [R]85 R — 2

5 LPDA @A, LNLT-T 4H B &8 T
MTL (P<0.000 1), F&#{KT VIP (P<0.001)/KF;
DY6-F Fil DY6-T 20 & 25 P& A% 1 #0046l 14 5 o o
ik VIP (7K (P<0.05), {EXF 247251 1o ik
MTL 7KV 32 AR BAT i 2 1 (P>0.05), X —
SE 5 RIIRIE IR iR 7 L B 22 BE R R . X ]
FE A PR A I 08 R AR Ay — ol 5 3 R A Ak il 4 3
N, BENE R R L R A P IR R S
(cyclic guanosine monophosphate, cGMP) {Y j= 4

B 150

HitH#

100

VIP (pg/mL)

%4
(e}

d F & S S

g o §

%é& SR $* &
Group

Levels of gastrointestinal regulatory peptides in serum of constipated mice. A: MTL; B: VIP.

Compared with the normal group, ####: P<0.000 1; Compared with the LPDA group, *: P<0.05, ***: P<0.001,

ek P<0.000 1.
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k), [RIEHAA S5 LR 2 S R T R i i Ol (i
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EREAL(P<0.001), FLZ B 20 2045 405 e Bt B I
FFE, U JZE RS BT Normal 41, BeUss iR ik
FIMRAR 20 Mg SE AR SR, AR PF: Bt 20 79 4 A 240
i . X I & H DY6 Rk TR 2 A
7N BB 0 8 285 S R R 40 B B e LA R 1
BITRCR, SHEE DY6 HE R L AR K2y
YIAIT RCRA Y . B R, RIS AKTETR
SPERL S A By 5| KBTS, R 38 1F: Bl 2 R
S PRI TE R AR R RO I, ¥ DY6
KGR s kb, R

LNLT-T K 8f
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it

Colon tissue
histopathology score
N

E4 ZHFELYIFH&ERBRFEZITES. A, B, C. DFIES%]HNormal, LPDA, DY6-F, DY6-THI
LNLT-THZ5 I 4 0] H&E G (4 J5 1E s N CR1065 8 s F. G, H. IF1J43%) ) Normal, LPDA |
DY6-F. DY6-THILNLT-TZ 457 41 218] A H&EGL 4 )5 78 B AEE N ICR20M5 R IR A . K. 251 SURHE

BT

Figure 4 H&E staining and pathological scoring of colon tissue slices. A, B, C, D, and E show representative
photomicrographs of H&E-stained colon tissue sections from the Normal, LPDA, DY6-F, DY6-T, and LNLT-T
groups, respectively, observed under a microscope at 10x magnification; F, G, H, I, and J show representative
photomicrographs of H&E-stained colon tissue sections from the Normal, LPDA, DY6-F, DY6-T, and LNLT-T
groups, respectively, observed under a microscope at 20x magnification. K: Colon tissue histopathology score.
Compared with the normal group, ###: P<0.001; Compared with the LPDA group, ***: P<0.001.
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Figure 5 Levels of inflammatory factors in serum of constipated mice. A: TNF-a; B: IL-6. Compared with the
normal group, ###: P<0.001, ####: P<0.000 1; Compared with the LPDA group, *: P<0.05, **: P<0.01.
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Figure 6 Content of short-chain fatty acids (SCFAs) in the feces of constipated mice. A: Acetic acid; B:
Propionic acid; C: Butyric acid; D: Valproic acid. Compared with the normal group, #: P<0.05, ##: P<0.01, ###:
P<0.001; Compared with the LPDA group, *: P<0.05, **: P<0.01, ***: P<0.001.
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R2 oBHEEMOMH
Table 2  Alpha diversity analysis

Group Shannon index Chaol index  ACE index
Normal 3.72+0.21 531.53%13.74  527.55+3.94
LPDA 2.65+0.46# 488.50+27.58  489.63+27.93
DY6-F 4.06+0.14* 519.49+1.42  514.51+9.91
DY6-T 4.14+0.09** 520.25+£3.89  510.69+3.27
LNLT-T  3.28+0.15 506.86+3.77  507.23+0.79

Compared with the normal group, #: P<0.05; Compared with
the LPDA group, *: P<0.05, **: P<0.01.

0.01)2H ¥ i F 4441 T Shannon $5%%, 1 LNLT-T
ZH 3 IS B W 1 (P>0.05), Chaol 540N
ACE #8280 F 2 TA T HREA AL & 1 W Rl B i
5 Normal ZHAHEE, #4HERL/NEIR Chaol FRECH
ACE $88094 kA%, HIT0 R %25 7(P>0.05).
FET LRSS, HEPFHEFTE DY6 1S,
— 5 THI 38 2 o A i 1 A B S 0 R A AR R
W TR E AR O BOR B ; — T, il
AR R . A LR R AR AL TR 25 A T
HIS R, $5R T R R R R AERE PR
2.7.2 BERBEERKE _ERYIFERR ST
MR PP B as R, BEEURAS s AR R K
SEFARXT EREHER AT 10 FRh, A s R R T
FEAEHERIA, WE 7 . 5 Normal 204

100

Fe, LPDA #H /bW B 16 & XK FL A W R
(Ligilactobacillus). norank Muribaculaceae, 3
ST H & (Odoribacter) M1 Lachnospiraceae NK4A
136_group W FH X} 3= B R IGO0 82 AT B S
(Helicobacter) AN FREXE TN . ZAIRIE IKZ54)
THij5, 5 LPDA AL, Ligilactobacillus il
norank Lachnospiraceae 1) 8 X} 4= J& ¥ fin ,
norank Muribaculaceae 1 Odoribacter W AHX}
JEFLARAR i Helicobacter BN 3 B FEAK
DY6 1T Hi)5, 5 LPDA 4L, & T4l
Odoribacter .

Ligilactobacillus . norank

Lachnospiraceae # Lachnospiraceae NK4A136
group FWIAEXTFBEKIE B, USRS,
Helicobacter WIAHX - EEH i T4, XUl DY6
TR DY6 TR RE S 22 /N AR S T
AR TLAREAR , TR I T D RE IR .
2.7.3 NERBERKTE LEZYMTEE

J T — 5T DY6 TR HE SN U E
PARE RO 52 ), 38 2k 2 8] r-test Ao 36 O O 36 4
LPDA #H 5 Hi 42 2% B 78 J8 /K1 b 22 5 3 (P<
0.05)B¥IFP, L5 WA 8 Frn. 5 Normal Z{4H
., LPDA ZH ' Helicobacter 1 Coiledxtribacter
() AH X F B 3 s 4R (P<0.05), Ml norank

3
(%]
T

Relative abundance (%)
i
(e
T

[ ] Others

= [ | Candidatus_Saccharimonas

] Blautia

[] Norank_Clostridia UCG-014

[ | Rikenella

W Helicobacter
D Lachnospiraceae NK44136 _group

[ ] Norank_Lachnospiraceae

25 | D Odoribacter
[ ] Norank Muribaculaceae
] Ligilactobacillus
0Lk

Normal LPDA DY6-F DY6-T LNLT-T

E7 BEEREREK T ERLE R

Figure 7 Species composition of the gut microbiota at the genus level.
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Figure 8 Species that differ at the genus level. A: Normal vs. LPDA; B: LPPA vs. DY6-F; C: LPDA vs. DY6T;

D: LPPA vs. LNLT-T. Compared with the normal group, #: P<0.05, ##: P<0.01, ###: P<0.001, ####: P<0.000 1;

Compared with the LPDA group, *: P<0.05, **: P<0.01, ***: P<0.001, ****: P<0.000 I.
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Figure 9 Correlation analysis of genus level differences between species and physicochemical indexes of

constipation.
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