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M, Ak & H A ieis 2 P g K
PRI AR R, o s IEFERR D Lk
Eit, FERAEMNFREABREYNFZE. 1E
KRS AR R, ATTIE R 2 R F R
¥yo Hob, AYE AR HNARAE . B
Tt 1 DA B IR 2 AR A T 25 52 e

Hi ¥ K1 (cottonseed meal, CSM) & — F 1%
Se 0 BN Y R R RS 5 A A ) R R
FHEE, BA RS EA RS A s
FH R, BET, BAEN—MEYEAER)
2T KA S BB 5 H, ndl (Caras-
sius auratus)'® Mg % B 4 (Oreochromis niloti-
cus) o BRI, XTARKFR . HRAFHEZE & (CPO)
IR 5 A T 76 7K ™ 75 58 ) — S5 2 IR 2R
IR 2R, RS EA A S, A SiE
MR ERE, N 3 B R YU R
B SR IS AL RO, T] A 7= A B AR
M, BAPE AN AR R AERRES,

R FFORE A 08 S R AT AR S 2R AT T B
LR AT i A IR A R AT R I i AR ) A
EREES T, PUEREF IR TR, mEH
JBL K A3 R A A 1) 3 I ) T PR K i N
Z KU, SR, HRTTE A FRGE KA
KRR A RERT AT RO LB SRR D

¥ Zi {1 (Pelteobagrus fulvidraco) & " [E &
BEWIRK FRAE 2R pR T R o D S
R, BA AT S, Am, Hir,
00RO A 1 L K R U e ke i Ay B ) HEAE K
AR T N EE R R, Fik, FHRE
6 WA ) B ORI R R i ks, AR
A, $EE e uakss, XE o i fa 32 5
R EARERE L, AR T R EERFF
FF i it AR MR L TH AR S 1A fid Bk
5]
1 MRS 7
1.1 ESLZESTHRRNE &

TR R T T 2 0 TR R AR R R by o 2 AT
W (Bacillus subtilis, 3%) : BRI B+ (Saccharo-
myces cerevisiae, 3%) : MY FLTE (Lactobacil-
lus plantarum, 6%)=1:1:2, HHELEM G

BEECA AL B ZEHIAT B (2.08x10° CFU/mL), RIS
) (1.25%107 CFU/mL), A FLFT B (1.36%10°

CFU/mL), ¥ i 2K B 7K A8 15 40 45 K 40 % 28
60%, AHEREEAN NN 0.1%, £F4E RGN
H1.25%, MAERSRGEFRAE T, REHRE
37°C, Jelf% &% 48 h CRH 3 )2 B MEH M,
AR RER, B 12 h B3k 1R, HIRE LR
1 (3 2B 1 JZOREEREE T, RS,
HANFE) 48 h, KIEERUE , W KB,
55 °CHtT 24 h, KyREHLAAE 2= ad 40 Hf, X
F-20 °C RAF o H bl B ZE ST B I [ v ]
IR FRY 0 (R ) 5 RV B B A 4
FUFF R 3 R A el K2z A dn Bl HR 2B &
TS5 TR 2 2 2

1.2 {ERECH

T 3 APk, A 1A BERREDE L
Ko 2 SR RE, SERRDRHAC 6 2 5 AL R =
ZRTIT BT R T U, LRy . XS AR
AN EBEEATOEIE, W 0.5%0 Y05 7EHN
SMIRFE R, LI 70% LAl EEHRT 30%
Fo I JEOREZE A, 2 b Ar 0 JEURE S 1) Sk AR T R RN
RIERRFFRT . K SRS T k60 H 77 ) 3 7
SRIGNICTR & I FH S 56 % HoR AL il B ks, or
B EHETE 60 °C T #7520 °C T g7 -
SEgR R T BB SR A WK 1,

1.3 RAFEEBUANREFERE

S B R A0 I T RO T Y M, WIhh
TREE N (6.20 +0.2) go T SCIOH PR EE R
Vi) |y 25 S R ) K7/ G5 DR (i85 VR N A 2
Pl KA B DL Sttt . 1B NS Rio
B IR T AT RO R A K 7= FR 5 S b IR R B0
(300 L 3#4EMH, HAL 75cm, & 75 cm)f, 244
HEE, JF AR DR NSE 2 F, 1k HE 52
55 5 5 AR, ARSI AR E N K IR R
GerhEAT o KT SEI A SR T 9 S SR
(L300 L) T, B FRFAA TSR 20 BTG
WP . BRI, KIS E kK . A
Pl R 3 AN EAE, R DRSS A B AL HE 53 e 2]
3AFRIEAR T . AR BB IR 1 2%~3% 1E %
W, JPARYE fa (R BT AR R R R, R
M 2 7R (8:30. 16:30), % Kic & AIsE
TR . BRI, T ORI S A B
T, SRIGHIK 1/3, F B AR, A
SEH M E], KRN 28.3~29.4 °C, pH Hy 8.50 +
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x1 EAREBMES S
Tab. 1 Feed formulation and proximate analysis of experimental diets g/kg
R PopiEeN RKBEMH KB
ingredients control group unfermented group fermented group

faf;  fish meal 250 175 175
XS PR chicken meat meal 200 140 140
HHA  soybean meal 130 91 91
/MK wheat starch 200 140 140
FREEH  corn gluten meal 50 35 35
TRl corn oil 18 12.60 12.60
fal  fish oil 20 14 14
PR MLEE  ascorbyl-2-polyphosphate 10 7 7
Z 4 vitamin premix 5 3.50 3.50
%% mineral premix 5 3.50 3.50
JE#H  chloride 5 3.50 3.50
Ca(H,PO,),"H,0 10 7 7
Y,0, 0.50 0.35 0.35
F4E%  cellulose 96.50 67.55 67.55
KRFENFFH]  unfermented cottonseed meal 0 300 0
RIERIFFRN fermented cottonseed meal 0 0 300
4343 proximate analysis
FYR/Y%  dry matter 92.62 91.54 92.12
HE /%  crude protein 42.33 44.83 45.94
HLUEWI/%  crude lipid 10.84 8.71 8.01
BEER/(K)/g)  total energy 20.15 20.16 20.16
Wi B AREY (mg/kg)  free gossypol - 162.56 95.79
fﬁﬁﬁ/(mg/g) phytic acid 3.26 27.49 19.27
HT/(mg/g) tannins 0.79 6.39 3.62

i ZHMNZH SHLuofE", MRERKH. L4k(mg/kg), MWHEE LR 3, 4E4ERD,; 0.025, 4E4FKE 30, 4EFK,-MNB 7, HERHH 6,
K3, BRI 12, DIZEAS 30, 4i4%B, 50, 4i4HB, 1, MR 6, 4i4:%B,0.03. £5 (mg/kg), FeSO, 7H,0 40, ZnSO4 7H,0
40, CuSO,5H,02, MnSO,H,08, CalO;-6H,0 3, Na,SeO; 0.05, CoSO,0.05.

Notes: Vitamin premix and Mineral premix according to Luo e al. '""; --, not detectable. Vitamin premix (mg/kg), retinyl acetate 3; cholecalciferol 0.025,

dl-a-tocopheryl acetate 30, menadione nicotinamide bisulfite 7, thiamine hydrochloride 6, riboflavin 3, pyridoxine hydrochloride 12, D-calcium
pantothenate 30, niacin 50, biotin 1, folic acid 6, cyanocobalamine 0.03. Trace mineral premix (mg/kg), FeSO4-7H,0 40, ZnSO,-7H,0 40, CuSO,-5H,0

2, MnSO, H,0 8, CalO;6H,0 3, Na,Se0; 0.05, CoSO, 0.05.

0.30, FLIEANWT 72 04, PREFIA IR SA S A
T 5mg/L, WRAEKEART 0.1 mg/L, Al
PR Eh W AR T 0.005 mg/L, 4 2 & FIsL g6 oK
P AT AR E . LIRS 7 A, fEIESE
B s 1 G, FPRIEEZEE, SR A
BT, RIS 6 h N, ARRE 2 ho e 1k
FEAE T T R A S A R A i 2 T 1Y
it g, S mL BT RO & . R i
T B A B 5 G R S AR AR, I /K 4RI R T K
SRR BN, IR, BT 60 °C
BEAR TR, DR RIS, B E T A ELET I

T=20 °C VKA ORAF, ELENZEMERE S 7307 H .
1.4 #

R 7 R R R S IR ZE e, BT A
BUOFERTZE B 24 ho ] MS-222(100 mg/L 7K ) Jik
W, SRJETHECRI AR EE DU A7 TG R . W R
(WGR) FilH§E £ K % (SGR), 745 £ B L £ 1)
A RERG, BEIELME 9 B, FRE .
W I AE DK A, A5 HFIE . iz 18 A A
A, FHTF BN (VST B (HST) LUK
iR e (aST), Hih 6 B id A4 A b
TV R T i A7 76 —80 °C LAiEFT RNA $#2 1L,

O 337 &
mmR g
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Fi4h 3 BN AU 4% 2 R e,
FFHL2E2MEE . R B iE A SC R M, 1
KT FEREALIMEL 6 S5t , WOAEGIEAH S, TRV
RBR, —80 °C A4
1.5 HEAR

SRAERIERTREARK:

WA (WGR, %)= 1A 5 —4) 14 0 )/ 4] 14
T x100%

¥ E 4R K% (SGR, %/d)=(In K & & —In %)
TR )/1x100%

Tk R B (FCR)=TAPRH R A fi /{43

BB (FD=1 k5 A & /[CR 1 5+
H)/2x1]x100%

B 2 (%)= 04Ut/ 0 U < 100%

RSB (CF, glem?)=fa ik /A K>x100

FFAREE (HST, %)= 5 /47 4 8 < 100%

AR EE (VSI,  %)=PA I 8/ K B < 100%

AR EE (IST, %)= /A 5 x100%
1.6 HULENE

KA RE R 105 °C bR TR EE . R
FHBILEC 2 A% (K9860 4 H shEll [G 2 /A Il
Ein A SR, BIELS R 6.25 EIfSHLE
F s MARW &R R, BT
BRI N Tk 5 BB B I 2 SR FH A B A0
(6200 Isoperibol Calorimeter) #7175 >R H L JE
BB T R SISO Tk B A A
o WK E LS Lee ", DL AT
W 3 P17,
1.7 BEALATIFFIE, R2ERDH

AP R e HE B .2 1] Wei 5517, K3
TR CEEBEERIK . HIREH | A
IR (R 5~7 um) FIgefa, Qe pgadfd. —
R B0 -100%-50% B 90 52 K-SR AR YL (21 -
T K W IR 1 -50%-95% £ WE% 2 it 7K - 41 e
- R A B - R I - A A R
Y2 BB (Olympus BXS53, H A X} Ab PR it )
HAY) A THUR ,, Jf# 5T Image J(versionl.51,
National Institute of Health, J¢[E) #H IR E ,

1.8 Rl E N E

S A ALY B AL (T-SOD) T 7 . i %4k
FUME (CAT) i PEALE ST AL BE ST (T-AOC) 2R H]

A A A W TR I 5 T 1 R e R A
N % (MDA) %1 . Caspase3 Fll Caspase9 fiff i
PEXR 2 = KA HAR B AR50 & T
Mz, HlE RS RER U5 .

1.9 EERFTESH

R4 SCHk ™, B RNA IR TR S R
Invitrogen ) TRIzol UtHIF#EAT, it BiAHiE
Jist H,3K FiT Nanodrop ND-2000 43361 (Thermo
Fisher Scientific,5% &) Il & &L RNA [ ¥ B F1 46
B o DAFEEUR B RNA AR, >R TaKaRa
5 SR R & A UK — 4 cDNA, R e L
PCR X F AT I sk I i o NS5 R e, =
YIRAE T 20 °C & . R SYBR" Premix Ex
TagTM 11 ik 57| & (TaKaRa) £ MyiQ™ 2 Two-
Color Real-Time PCR Detection System 43 7 5 )]
1% (Bio-Rad) | #4757 ¢ % #& PCR (qPCR),
oz St AU LI Rk, SOk E TP
222, RELEHEHMNZ, H GeNorm #E17H5r
HEfk, ek 8 S KEIN (185 rRNA . b2m . ubce.
tba. gapdh. rpll. tbp. elfa) X EN T RIK
SRR . SR FH2-AAC i AR FRGE K

1.10 Zeitoth

K FH SPSS 17.0 #4: % 52 06 B 4 AT S 11
ST, TR B S SR S AR MR (means
SE, n=3) 7~ filfi R &K J5 2243 M7 (One-Way
ANOVA) H47A [F 21 [a] 48 b5 22 PR S it fa 4w
HANR 2 ] ) 22 55 B 3%, R A Duncan [ £ H
Fb 30 R K 06 AN ) b B2 ) i 22 S e B PR, DL
P<0.05 A ESFALI R L.

2 4R

21 EKMRE. ARF R G

3 YRR IR R G RS, M
KT FF2H B 541 1 WGR ., SGR 25 ¥8 b5 1E
3R, SRR, KEEARAFRAIRZ ;
R BERSFFRO LR R B A =, R AR R A 4
W2, AR SAR; A& ARG 4L A b i
=, SEREALA R iAot P 4 1) G 4 5 1
2550 WEAK LU AN AR w6 BEFE =4 W) 0 1o 3 25 ¢
(& 3)o GREIR, KA BENFFRIFE LS B

FERPERE, AR REREN I B AR b n] 2 g
Thim Fith A= K AERE
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£2 WHEE PCRERGY

Tab.2 Primers used for quantitative real-time PCR

HEH 1EF5#)(5-3") KA 51 4(5'-3") EYiSE e
gene forward primer (5'-3") reverse primer (5’-3") GenBank no.
bcl2 GAGTTCGGTAGCACCCTTTG AGGGGTGGAATATGGATGCT XM027173525
caspase3 CTCATTTGTTTGCGTGTTGC CACTGGGATTTTCATCGAATTATCT KY072821
caspase9 CACAGCACCAAGGCTAGATGA TCCTGGAAATGTTGAGTAGGACA KY053837
p53 TGGGAAAACGAAGAGCAAAT ATCGGAGGTGACAGGGACA HQ419002
bax TGACCCCAGCCATAAGAAACT CGCCACCTTGGAGAACACTT KY072819
mdm?2 TTTTCACCATGAAGGAGGTT AAAGCTCGTGGTTCTTTGAC XM_027166056
sod1 CCTCAAAGGCACAGGAGAAG AATCGGCAGTCACATTACCC XM_027171881
sod2 TCATGCAGCTTCACCATAGC CTGTGGTTCTCCTCCACCAT XM_027166181
gpxl GATCAGACAGAGGCGTGACA GCTGAGCTCTGCTGTACGTG MNO062284
cat CGTTTAGCCGCTACTGATCC CTGGAATCAGGGGGTAGTCA KX455919
nrf2 GTGAAGGGGGAAACACAGA GCTCGTCCATGTCAGAGTCA KX455917
keapl CGAATCGCATTGCTTAGTCA CGGAACTAAAAGGTGGTGGA XM_027133478
occludin AGGAGGCTATGGCTCAAACA CAAGGACAGAATCGCACAGA XM_027155195
claudinl CATCAGACGGCAGTTCTTCA TGCTGGACCTCCTGAACTCT XM_027176967
claudin3 CATCTGGATGACCTGTGTGG AATCATGACCTTTGCCTTGG XM_027148913
zol ACTACGGCATGGAAAACCAG CCTGGTTTGTAGCCACGATT XM_027173133
202 ATCGCAAAGCGAGAACCTAA ATGGGGTACCACTGGGTGTA XM 027162424
ing CTGTGTGTTTGGGGATTGTG GGGTATTTCACCGACTCGAA MF770571
il6 ATGCCTCACCTAGAGCAGGA GTGAAGCTGTGCAGAATGGA XM_027176013
i8 GACTGCGATGCTTTGTGAAG TCAGGCAGACCTTCATTCCT KY218792
nf-p CGGTGGTCATCTCACACATC CAGCTCAAACACCCCAAAAT XM_027146388
i110 TCCTGCTTTCTTTGCTGACA GAATAGTGCGGTGTCCAGGT KY218793
tgf-p ACAGGTCCAAAGGTTGATGG CACATCCACAAGAAGCTGGA XM_027154377
tnf-a TCTGCTTCACCATCTTCGTG GGCACCAGCTTCTTGACTTC XM_027165847
rpl7 GGCAAATGTACAGGAGCGAG GCCTTGTTGAGCTTGACGAA KP938522
tuba TCAAAGCTGGAGTTCTCGGT AATGGCCTCGTTATCCACCA KP938526
b2m GCTGATCTGCCATGTGAGTG TGTCTGACACTGCAGCTGTA KP938520
ubce TCAAGAAGAGCCAGTGGAGG TAGGGGTAGTCGATGGGGAA KP938524
thp AGCAAAGAGTGAGGAGCAGT ACTGCTGATGGGTGAGAACA KP938525
gapdh TTTCAGCGAGAGAGACCCAG ATGACTCTCTTGGCACCTCC KP938521
18S rRNA AGCTCGTAGTTGGATCTCGG CGGGTATTCAGGCGAGTTTG KP938527
elfa GTCTGGAGATGCTGCCATTG AGCCTTCTTCTCAACGCTCT KU886307

22 RSN RITHARLBERITHERIRE

WIHLZR

2.3 [#iE H.E &

AR TR RF R LA T 0

W4, miEHE

oA A RERR AR T B OB
HLRR W | fE A A9 T AR 2 8 28 TR K B b
kG 4)o

91 JBE R 5 BE AR S P R I, U O R
BRI AT AR 2 I 1 230 i e 58 JEE A
BT R KB B E BT, B Esifi
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R3 ABRITHNERNES KRARF R0
Tab.3 Effects of fermented cottonseed meal on growth

and feed utilization of P. fulvidraco

5 Xof A KRB REEH
items control unfermented  fermented
group group group
IBW/(g/)2) 6.19+0.01 6.19+0.01 6.21+0.02
FBW/(g/)2) 17.76+0.18°  15.41+0.13* 16.61+0.14°
& ZE/%  survival rate 100 100 100
WGR/% 186.93+2.64° 148.76+1.77° 167.35+1.79°
SGR/(%/d) 2.15+0.02°  1.86+0.01°  2.01+0.01°
FI/(%/d) 2.14£0.02  2.13£0.03  2.10+0.02
FCR 1.08+0.03*  1.2240.01°  1.12+0.01°
CF 1.54£0.04  1.55£0.03  1.58+0.02
VSI/% 4.98£0.09  4.90+0.11  5.10+0.05
ISI/% 1.13£0.01°  1.26£0.05°  1.30+0.04°
HSI/% 1.22+0.08°  1.44£0.05°  1.18+0.03

s FATEAR B AR A R NS R RN 2 7 2 (P<0.05), R IF.
Notes: Different lowercase letters of peer data shoulder label indicate

significant difference (P<0.05), the same below.

RN G (15 1 AIA 2),
24 ERERTFHEXERERIE

TEB A E A, KRR il6
il8 7 mRNA FKik/AKF W T AR L AR AL,
1gf-f FRIFKE R E T ARLKEH (BI3) .
25 BAESWNHEXERREREEME

EE PO EHL T, REEMRAFRA car
sodl, sod2. gpx1. keapl Z5H0E AL L A )

XA

control

VW.IHIESERE: VHERE L.

K&

unfermented

El1 #RIFENRERTHERERENETEMERASWN HE REYA

*4 BPENREKEB/ABRTHETOR. BE8.
HRR A AN RE B RIHN R (FHRER)
Tab.4 Apparent digestibility of dry matter, crude pro-
tein, crude lipid and energy in unfermented and fermen-

ted cottonseed meal of yellow catfish (dry matter basis)

%
TiH KRB R
items unfermented group fermented group
FH5 dry matter 35.64+0.74" 82.10+1.02°
HMAEE  crude protein 77.3141.43° 90.04+1.62°
FLIENG  crude lipid 68.53+1.21° 88.03+0.83"
AEE  energy 48.43+0.47" 86.24+0.82"

mRNA KA 05 TR LML, nrf2
FEH Y mRNA 387K 21T R & A AR
(K 4), KEERRAFRIZL CAT BG4, T-SOD
6 M DL R B P SR ABE T 1 0 e TR R A
FFRIZH, MDA & i b A8 T R A& AR FF R 20
(Kl 5-a~d). Z5RWoR, [ K HERE W2 S A
FERA T B 500 i 8 A 2 s A AR AR AT

2.6 MERTEZEBEXEERIE
T B0 i TE A A, kIS AR ORF R 21

claudinl . claudin3 . claudind. occludin, zol.
202 S5 B TE AN L FE T ) mRNA 33k 7K -4
BEETAREBMFMA (o)

2.7 BAEATME R EE R A KBS0

EWFO I E AL, R RIA cas-
pase3 . caspase9 VI p53 FEH F) mRNA k7K

R

fermented

Fig. 1 H.E staining slices of intestinal structure of P. fulvidraco after replacement of fish meal with

cottonseed meal and fermented cottonseed meal

VW. intestinal villous width; VH. intestinal villous height.
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of HE 2. AR a il
|:| control |:|unfermented fermented
1000 200 r b b
ofo BS
800 a
o 150 |

ol

=x
=]

JE /um
villous height
villous width

BE
259 B /um
=

b
600 | a :
100 |
400 | W .
200 | |
0 ' - 0
2 3

1 2 3

1
ANTR] ) A0 PR ZH ANTF AL B AH
different treatment group different treatment group
(a) (b)

&2 BFiEAL HE RBYIRNEESH
() HIERERE . ARERRREREE, P<0.05, FH.

Fig. 2 Quantitative analysis of H.E staining slices of intestinal tissue

() IBEHRE L

(a) the parameter of intestinal mucosal fold height; (b) the parameter of intestinal mucosal fold width. Different letters indicate significant different,

P<0.05, the same below.

R AR KA
- control - unfermented fermented
_ 25 .
S ;
I 2 2.0 b
K 2
'H% % b ab
< o 1.5t ab b ab
>3 a ab @ a 5 a 5 o, b
Zg a
EZ 10
= o
EE 05 3 0
: il llad
= 0 . r91
mf-p il6 i8 tnf-a il-p 1ef-p i10
ENEiE P

different target genes

B3 LB RrREKR ey E R mE R ER FHEXEEREEM

NAFERRANFLLIA 2 (02257 8%, P<0.05, T,

Fig. 3 Effects of cottonseed meal and fermented cottonseed meal on expression of genes associated with

inflammatory factors in the intestinal of P. fulvidraco

Different letters indicate significant difference between different treatment groups, P<0.05, the same below.
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oxidative stress in the intestinal of P. fulvidraco

(a) CAT activity; (b) T-AOC capacity; (c) T-SOD activity; (d) MDA content.
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Fig. 6 Effects of cottonseed meal and fermented cottonseed meal on expression of genes associated with

tight connection in the intestinal of P. fulvidraco
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Fig. 7 Effects of cottonseed meal and fermented cottonseed meal on expression of genes associated with

apoptosis in the intestinal of P. fulvidraco

Lee 25" I 52 W1 88 (Oncorhynchus mykiss) X i
KT, ORLER R RE 5 Y 2R 1k 43k
38.2%. 78.9% Fll 52.9%. M FHLAELY g K 1
i (Micropterus salmoides) %J R ¥F- e 4 25 1 T
Yy Joi . RLEE B A AE B AL R 20 B O 37.27%.
79.97% M1 43.25%, SAHTFEH B B X AR R R
)5 SR T UL AL R AR . T R 1k
A H 2 AR ORI AR o R Y
Z R LA SR S T R AR R
I BT W B R IH AR S E A 4 s s SR K
ST, R WA R T B A R 1 S
IR RS H T RBEREAR T R F ok ik &
YRy TS, ML S AL 3R 0 B2 5 1T RE S A
iR o R OGP, B, & T ko & B
FRRITE AL R s g o (B dRaE , [k
PEE T RVFFRTE SR BRSNS AR, FER

Wyl b, Sl e A KR AR,
NI A HUR™ LU A, s AR . ek
Tit IV U5 TR0, 3K 2 g X 7% 4 S ) 11 DRI AL
PR MR . 25 ERTIA, R BEAFRE IR
Py T AL S B0 B2 5 AT AE 32 25 H0E IR T Y
RIE SR T TR R A G

AE AT LA i 48 DR 5 LR A A E
R 70 R R S B AT, AR
FPRIALAY I T 2 58 N 5 A IR R0 R, RAE
NI Ak, R A
GLEWNN R TR A 3E T LS W A AE 5 |
BB SR RS R, AR
FERAA DA I TE 2 G R RAE OV, X5 A
SCHS Z BT AE AN AR, Xie S50
WA, MY E E IR AT S 28 0 E R AE D
LR i Li S0 LB, MR kai E H

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

AR A, 5

K724, 2025, 49(3): 039613

30

Caspase3 activity
o
(e

—
o
T

1 2 3
AN AL R ZH
different treatment group

(a)

P E IR R AR IR E H I 3 3% 1%/(U/mg prot)

KA FRE AN 9 3% 1:/(U/mg prot)

FIER

20
b
e GOy
E . a
3
2 10
4
o
S
Q 5 L
O 1 1
1 2 3
ENGilibp sl
different treatment group
(b)

8 MRIFHMAXERITHEREN BN ENEMERTEXEEENFIT

(a) Caspase3 i 1%:; (b) Caspase9 i

Fig. 8 Effects of cottonseed meal and fermented cottonseed meal on enzyme activities associated with

apoptosis in the intestinal of P. fulvidraco

(a) Caspase3 activity; (b) Caspase9 activity.
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Effects of fermented cottonseed meal on growth performance, apparent
digestibility and intestinal health of yellow catfish (Pelteobagrus fulvidraco)

Z0U Fengyu, JIA Bingyu, LUO Zhi, LIU Zhibo, KE Jiang,
LIU Shengzan, TAN Xiaoying ~
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China

Abstract: To investigated the effects of fermented cottonseed meal on the apparent digestibility of diets and intestinal health in
yellow catfish (Pelteobagrus fulvidraco), three dietary groups were designed. The first group consisted of a basic diet, with fish
meal and soybean meal as the primary protein sources. The second and third groups were composed of 70% basic diet supple-
mented with 30% unfermented or fermented cottonseed meal, respectively. The weight gain rate (WGR) and specific growth
rate (SGR) of P. fulvidraco fed the fermented cottonseed meal diet were significantly higher than those of fish fed the unfer-
mented cottonseed meal diet. Solid-state fermentation of cottonseed meal significantly enhanced its digestibility in P.
fulvidraco, with dry matter digestibility increasing from 35.64% to 82.10%, crude protein digestibility from 77.31% to 90.04%,
crude fat digestibility from 68.53% to 88.03%, and energy digestibility from 48.43% to 86.24%. Compared with unfermented
cottonseed meal, the fermented meal significantly increased intestinal villus height and width, decreased mRNA expression of
pro-inflammatory factors (i/6 and il8), and increased mRNA expression of anti-inflammatory factor zgf~f. Additionally, the fer-
mented meal significantly increased mRNA expression of antioxidant-related genes (cat, sodl, sod2, gpx1, and keapl), while
decreasing nrf2 mRNA expression. Total antioxidant capacity (T-AOC), catalase (CAT), and total superoxide dismutase (T-
SOD) activities were significantly elevated, and malondialdehyde (MDA) content was reduced. The mRNA expression levels of
tight junction-related genes (zol, zo2, claudinl, claudin3, claudin4, and occludin) were also significantly increased. Further-
more, mRNA expression of apoptosis-related genes (caspase3, caspase9, and p53) was significantly decreased, while the
mRNA expression of the anti-apoptosis protein bc/2 was significantly elevated, and enzyme activities of Caspase3 and Cas-
pase9 were significantly reduced. In conclusion, solid-state fermentation of cottonseed meal can significantly improve growth

performance and nutrient digestibility in P. fulvidraco and mitigate the adverse effects of cottonseed meal on intestinal health.
Key words: Pelteobagrus fulvidraco; cottonseed meal; growth performance; apparent digestibility; intestinal health
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