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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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Normal 41/NFAE, HA/NRIIHEE 0.25 mL i#%
WRT e, 25 21 RIFIRIAIT IR 1 |, AR
%5 DY6-T (1x10° CFU/mL)F1 LNLT-T (100 pg/kg)
ZH /N3 S EE B 0.25 mL A e A TR R B8 25
#), Normal. LPDA I DY6-F 2 | 55 K # B
0.25 mL A= FEEEK . ZERAS T WU A 3 d B i
/N BRI £ o
1.5 EhESEHLABE/RNE

PEHT 12 h X/ DT AR RS KA 3, 25
B HU/NREEE 0.25 mL e b 6 5 22 7T (& 5% Bl
LA BT 5% TG PE B, FIC s H I a] .
HEE SR, KN RS o T A
o, s AR T NHE AR N R A — R R A3
R, RIS ER R ]
1.6 FEEZKERME

WA /I R H P i 2 A T R T 1 Y
OB, FRERERTE, AL SAH TR
ML 24 h Je B OFREE, 0 M3 8, 2&ff
FACRI A AR (D)FTR,
st fi Ao e SR - FEfH T
PR = ST
1.7 NAEFERRNE

RIS RS, AN ET 1 R M L%
N AR R AR K 12 h B9ALHE . FESh oL

*=1 H&EVIRFREZFES
Table 1

x 100% (1)

H&E section pathology score

WA 1R, BHR/NEES 025 mL 571,
30 min & BREE/N BROIF A7 BIUEA T IR BRI . A7)
iR = RIS R b AN 758 N A N
#R 2 B M Lo K ) MR T RE 2 (B2
SETH AT IR B, NAHEERIH R A R (Q2)
Fim o
e PRTTHEVERE BS 0

/N%%mﬁg—f$§ﬁﬁ5§—xum4 )
1.8 Z5ERAHNRIEZ U

B/ NI R SR ST S, BUES AT 4% £
RHEEPEE 24 h, BAKGEHATA IS 4]
A, ARG LD (H&E) L, & Jm et A
B WA DO LA, Rk 1 XTES
P G A TR B2 A
1.9 & B RA AT BRFN A E E 4

{8 A ELISA 30550 S Aar i /) B it v 8 i
AKMTL., VIP) K % 4iE K+ (TNF-o, IL-6) %
IR E R AR
1.10 SHEHEBIEHENZEFEF SCFAs B2

PRI 50 mg /)N B & T 500 pL 4 F1 4k
AW T, UK EERE 15 min J5, AL
IYBEE, SRIGHNA 20 puL 10% Mfilk, IRi%IRS)
AR . RS RS 2 A Y, ) o
A 800 uL it 6 BURE & 0 J B g D 12, 4R35

Istopathological alterations Score

Descriptions

Lesion involvement

Lesion depth

Muscular layer thickness

—_— O W N = O R W DN~ O

Normal colonic architecture with preserved epithelial integrity and intact crypts
Lesion involvement ranging from 1% to 25%

Lesion involvement ranging from 26% to 50%

Lesion involvement ranging from 51% to 75%

Lesion involvement ranging from 76% to 100%

Absence of inflammatory infiltrate

Inflammatory infiltration is confined to the mucosal layer

Inflammatory infiltration is extended to the submucosal layer

Inflammatory infiltration is extended to the muscular layer

The thickness of the colon muscular layer is normal

The thickness of the colon muscular layer decreased
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IBASIJEAE 4°C. 12 000 r/min &5.0 10 min ATTE
Ze ., W FIEZeat 0.22 pm JE RS E TR
S, Al A AT A, 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, N
10:1, FHERE PN T SET . BIGEE R
100 °C, 4% 7.5 °C/min FHEZE 140 °C, R Fif%
60 °C/min FHEL % 200 °C, {##F 3 min, B
Fiﬂ‘j 220 oc[IS]O
1.11 /PERFE{F 16S rRNA EREMF

PR BN /N R % 22 TR TR (L
A BR A7, #288 BE.Z.N.A Mag-Bind Soil
DNA Kit (BioTek 2~ w]) Ui B 15 $2 HUE DNA. LU
o I 45 4% 1) DNA S BifR, HE17T 25 407 16S
rRNA JE[K V3-V4 [X 1) PCR §38, Hirp Fiif5]
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 °CIEAfi 30s,
S5AMEER; 94 °CAEME 205, 55°CiEk 2055, 72°C
FEfH 305, 20 PMEH; 72 °CCLIEff 5 min, PCR
RN SR, i 2% BYBEIE IR HE PR
Y, JERERERY PCR =ik alifh, Witk
4Ly PCR 2. BfiJe, UEATSCEMEE, Jfff
FH Qubit 1 qPCR Jr XA L4 (1) SC R 7 g 12,
SSRGS, H Mlumina 3075 24700 % .
) SR N e L Bl s T I B K o
1.12 #iESH

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

(Student’s ¢ test) 7 i E L. 5 LPDA ZHAHIL,
L P<0.05, **{0FE P<0.01, ***fLFE P<
0.001, ****f{3 P<0.000 1; 5 Normal ZHAH [,
#18 % P<0.05, #4183 P<0.01, ##1tE pP<
0.001, ####%3E P<0.000 1,

2 ERG50M

2.1 HEYEEFE DY6 RELEETIAE
R ERNRAERIBEREE850M
ARFFFEMELE], Normal 41/ BRAE LA 521
WIE A . RE KRG s R YR IIE R . H
Bl1 kB, fE&EBH NS Normal 44 Lt ,
LPDA. DY6-T fil LNLT-T 41/ A4 £ J 4k
HEIE T IR, XA E T E L H R
WR T M S5 /N BOR S AIR K, W T8 P PR 38 4 K 1 ]
W EAAER T, FEOLE RIS FRRIEE T
Feo DL, MES 20 KIF4f LPDA Fl DY6-T 41
/N BRI A E 14t 25 I T Normal 41 (P<0.05). #
A7 25 0O 33 5% 200 ) WIS AT T 22, S o {6 6 i
R FT P RIRE & B, e RS ASEI P /N B (R
AW TGS, SRR R—3. DY6-F
L TE A B T IR TR, 2
3dEBEITE, TG AE R AR T &
W ACE . 5L EI, DY6-F 2 il fA & A8 1k
SEae a8, Elsy ik Eg
TR, B2y 1 BRI AR REITE . FESS 20 K
i, DY6-F 41Kk & & % /= T LPDA 41 (P<
0.05), FFAEIRIT ML A= THAMAL . 7E3RYT
N, LPDA. DY6-T 1 LNLT-T 4/MR VR
AR TE S A T, H&NZRAAEZES.
TRITIZE R, LPDA Fl LNLT-T Z/N AT
AR BT K, (HARE AT AR
Hi; 1 DY6-T 2/ B & MR Y v Tk
BORT, Won IR R R, BRI ST
T DY6 25, DY6-T £H /)N fil A {8 Fib 45 5] i 3%
Jo 3 7 8 RE AL AR, B T RS R
[, DY6 e T 5 A/ B i 3 405 A B
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FEZRTL, $Em T AL R W B A4 T AL W i RE
Ji, EBRKEEREZ M. i, DY6-F
/)y BRBY % B A R EE 2 T Normal 41 (P>
0.05), FKWIHAEGRSF R PRI a3
AU QR ILENG R
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nTHES DY6 LI AR =PI RiEA L. DY6
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PRI XR 5T, i S8 I 8 i 1 75 e 1k
AE FE, AR 1 /1 BRUA 5% 12 2 A i 48
Ko XEW DY6 SMH AR WIEdt A/ i
Ji s BEAE XS ERR /1N B A 428 B0 f R A ™ A B
o, JF X ARCR LT LNLT-T 41,

A S5¢ -o- Normal
~ 50 - LPDA
= 50 F
< - DY6-F
2 45 ~~DY6-T
E LNLT-T
-840
2
35+
30 1 1 1 1 1 1 )
8§ 11 14 17 20 23 26 29
1(d)
Bl ERRAIEREAFEE®)
Figure 1

2.2 EYIFETE DY NEAEES
RIXHERE X B R RAY S0

TR S AT ) R /0N i 4 1 2R S T g Y
Fein SR, 2 A KR S T g 1 X K 4y
WA ST, = E YN PR AL 0 2R bR
2 ATIES], 5 Normal ZHMIEL, TEESE
B S5 LPDA 41 1Y & br 2B B[] 8 3% 3 i (P<
0.001), /INyHERER Il 2 FEAK(P<0.000 1), ZEfH
FKR W FFE(P<0.01), PEWTRTIIRIR T MaA
SN EUE A ST . 5 LPDA ZAH L,
DY6-F. DY6-T il LNLT-T 2/ LA/ Nz k%
FIEE A S 1] 315 31 8 25 2l 38 (P<0.05), 1 HH

B

-o- Normal

50 LPDA
c) -+ DY6-F
= % < DY6-T
=1 LNLT-T
=
23

17 20 23 26 29
7(d)

8§ 11 14

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.

2 200 ~ 80
E &
= Hitt 2
g 150t £
é &k sk é
S 100F o =
4 k=
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£ s0¢ E
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£ 3 0
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Fecal water content (%)

0
L S K > oy LSS
CARCAIS O CARRT ARN
& g %V %é@ & K@
Group Group

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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SEHEHEDERE S TR, I 3 AT LR F,
5 Normal A, LPDA 20119 2445 VE B iy
Kk MTL 7K i 2 R [%(P<0.000 1), il 5
J IR BK VIP ZKF 8 3 585 (P<0.000 1), 5 Cai
ERIR I T 25 AR IR . X BB IR T e S B0
WS SN L PRI R, BRART
Wi G sh e J1, 5 LR/ o 3R B BRI
TR AR S [R] S T 4 SR — 2

5 LPDA @A, LNLT-T 4H B &8 T
MTL (P<0.000 1), F&#{KT VIP (P<0.001)f/KF;
DY6-F Fil DY6-T 20 & 25 P A% 1 #0046l 12 5 o o
ik VIP (7K (P<0.05), {EF 24751 1o ik
MTL 7KV 32 A B AT i 25 1 (P>0.05), X —
SE 5 RIIRIE IR iR T L B 22 BE R R . X ]
FE A PR A I 98 R AR Ay — ol 5 3 R A AL il 4 3
N, BENE R L R A P IR R S
(cyclic guanosine monophosphate, cGMP) {Y j= 4

B 150 -

HitH#

100

VIP (pg/mL)

wn
(=]

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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10x {
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TN, TR FARIR 0 g i IR (s
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EREAR(P<0.001), L2 B 20 2045 405 R Bt B I
R, JUUPJZE RS B BT Normal 41, Beuss iRk
FIARAR 20 Mg SE AR ST, AR PF: Bt 20 79 4 A 240
i . X I & H DY6 fRRE Tk 2 A
Tl 7N BB i 1 285 S R IR 40 B A LA R 1
BITRCR, SHEE DY6 HE W L AR K2y
YIAIT RCRA Y . B R0, RIS AKTETR
SPAERL S A By 5| K TS , R 38 AF: Bl o R
S PRI A R AR EIE RO I, ¥ DY6
KA B s kb, R R 2T

HitH

Colon tissue
histopathology score
~

E4 ZHFELYIFH&ERBRFEZITES. A, B, C. DAIES%]HNormal, LPDA. DY6-F, DY6-THI
LNLT-TH 25 I 4 0] H&E YL (4 J5 1E s N CR10R5 8 s F. G, H. IF1J43%) ) Normal , LPDA |
DY6-F. DY6-THILNLT-TZ 4517 41 218] A H&EL (0 )5 78 B AEE N ICR20M5 R IR A . K. Z5ind1 SR HE
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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.

http://journals.im.ac.cn/actamicrocn



3984

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

(P<0.01)E S W TR, IR & i A i N FE,
HZEFAREE, DY6-F 4HI ZFR(P<0.0)FI T R
(P<0.01)& 4 LPDA 4 B &4 hn, Xl fEe
i DY6 fRBEA B 5 K FLR . ST
MREANIR, TEdE AN iE 585 pH (A —
KT 74 SCFAs IIILH . 5 LPDA 4
HHEE, DY6-T 41(P<0.001)H1 LNLT-T £H(P<0.05)
BIge i E i oy & &, (HAE T R & sy
k., AYIFLEFTE DY6 T RS T AR
WK Xt — Ul DY6 LA ER . it A
YRF LT N A S, RS BT AR A5 R T L

A 8

*% %

(o))

SN

Acetic acid (uL/g)

®%
*k

—
(e}
T

#H#

Butyric acid (uL/g)
o
W
T

0.0
> Nad S8
‘&‘b’ QQ o [ &z
Group

Elo FER/NRIEFEPITHERHER(SCFASHEE

A= A B CAR K-, Sl R RN TR
B8 ICC ThAE, MM % s AR, Hk
AR T FIARIE K
2.7 EYMIAEE DY RHEHAE S A
LSS ONEF T NS et 0 A
271 o ZHMESH

o ZAEME ] DL B REA TR A RIS I T
FERZFEYE. W 2 r7n, Shannon ¥84UH T3
TEY AP 36 B AN 2], LPDA 44 /Y Shannon
16 BOM 4 T Normal 41 . 3 F# X (P<0.05); 5
LPDA 41 #H ., DY6-F (P<0.05) #1 DY6-T (P<

B 25~

g
=)

—_—
(9]

—
(=)

Propionic acid (uL/g)

<
W

S
=

0.6

0.4

Valproic acid (uL/g)

0.2

0.0

N

G
< SEEEMIN

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.
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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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