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B E: N TERIAR R IR R K X BE R SR (Letalurus punctatus) A2 A A LT 2R 1R EE
PRUL R B A AS RS2 . PRk 750 RATUG 5T iE g (49. 95 +0.05) g B BE R SURR A, BEALA 9 3 41, R4l
5 AFURE R WAE S0 R AR, DUJCHATER A R SRRl DR g BRZH, L 7% (M1 4H) A1 14% (M2 20) Ko 20 5 4
PREERH KL 25. 8% A1 51. 7% 1K, BL i 3 FhAF RUAE IR LRI DR}, FRAE A 12 60 do SR 45 SR K 5 %)
SR EG MR QSR B SR i 1900 TR HRDAS 2R ORI VAR s DG Sk 38 R 5 Mo £ QR R AL b
A3 AR 4 I T P R H i = P 5 A 8 G T 3 R 5 5 MR LA B MR £ SR R S 2 i 0 T 2k 14
S ELBE HE PR SRR B BR AT BE g RS T 3 R WL, L e AR L (M2 ) (MR B ke BE AL S %5 T
1o 3 MR PR RE A S B v BRE i SRR B S AL I (19 218 fL, (FL 5 A R 1 I 5 2 5 B I S 2 7 A 5 5 0 R 2
FAEE , AR AR R (ML) 5225 AR A WA R T IR B, (B35 48 SRR BE B 1 D ARN 2 238 b, 2 AL P A A
AR T 51.7% AR, AR BE T SUR il 1 A (PR RE , (R i R R G RIIL A B

KERI MR BEE SR A BB MTE A AR EEAR B IE R LS H
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Rk 133 1 & 74y, & 3 B ALCT SR
SERPRI A 275 = A 7 i, FEAS U 1 o 5
SRR, RS Z E PR S ARk
TEK PR R B A T2 B FINE . B 3
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1.1 X5
DLt | GOM 5 O 22 E IR, oy s

U, BE A 3 b 45 A MR IR HOAR, R
RSB FRRP AN 1 R MRS KP4y
BN 0% (X BEZH, FER AR ) (7% (M1 2H) (14%
(M2 21) , Horp ML 41 M2 21 73 531 2 AR AR At 4]
1 25.8% 51.7% 1 =4,

F1 HBEARERKEEFRKTE(KTFEM)

Tab.1 Composition and nutrient levels of experimental diets ( air-dry basis) %
i H 24 5] Groups
Items X B Control M1 M2
JEB} Ingredients
4 Fish meal (68.21% CP) 4.00 4.00 4.00
5 H] Soybean meal (46% CP) 30.00 22.25 14.50
H#) Cottonseed meal (50% CP) 0.00 7.00 14.00
& AAS poultry powder 13.00 13.00 13.00
1%y Blood meal 1.25 1.25 1.25
P Rapeseed meal 7.50 7.50 7.50
KM Rice bran 3.23 3.23 3.23
i #3 Flour 31.52 32.19 32.85
.M Soybean oil 5.50 5.58 5.67
TR — 445 Ca(H,PO, ), 2.00 2.00 2.00
A Z R Vitamin premix! 1.00 1.00 1.00
) R TRk Mineral premix® 1.00 1.00 1.00
£ Total 100. 00 100. 00 100.00
EFE /K Nutrient levels
7K43 Moisture 10.75 10.75 10.75
LR 5t Crude protein 32.27 32.28 32.28
FAE NG Crude lipid 8.16 8.17 8.18
HLK S Ash 5.27 5.32 5.37

TE: L e R PURR 5 T se MR fit : 443 A =37 500 TU, 443 Dy =15 000 1U, 44 3% E=400 mg, 42 5 K=40 mg, 4EE % B, =
60 mg, 42 B, =96 mg, 4itE E B =82 mg, 4iA4EE By, =0.2 mg, MBEH =500 mg, D-JZ 2 =220 mg, D-A#) 2 =0. 8 mg, % =20 mg,
HEHEFR C=1400 mg, [JIEE =1 200 mg; 2. 7Y B HHRAS N T e iR : £k 650 mg, 4] 7.5 mg, 5 49.5 mg, B 11.5 mg,

Notes: 1. Vitamin premix provided the following for per kg of diets;: V, =37 500 IU, V; =15 000 1U,V; =400 mg, V¢;=40 mg, Vg =60 mg,
Vi, 296 mg, Vi =82 mg, Vi, =0. 2 mg, niacinamide =500 mg, D-pantothenic acid =220 mg, D-biotin=0. 8 mg, folic acid =20 mg, V=1 400
mg, inositol =1 200 mg; 2. Mineral premix provided the following for per kg of diets: Fe 650 mg,Cu 7.5 mg,Mn 49.5 mg,Zn 11.5 mg.

1.2 REEIT5FHEEE

FRAH AT 75 1) F 44 8T Ak B 22 B VTR i
FEHHEAT, A S B 57 30 d, AR |
do Pkt 750 YIS N (49.95 £0.05) g Y
BERUCRR A, I RE S LAY 3 A, A S M
ML ETMAE(1.5 mx1.5 mx2.0 m)50 B,
TR IR AL 60 d, MRS DL s S i (4 Jot it
3% ~6% 17T ME, B R 3 K (6:00,
12:00.,18:00) , Jf- AR 4l 48t £ S KA1 Ol i 47 1
FE L SR SR I [A] % ) A 45 R £ LA e 3R A S i
AL T2 1% o F% 48 W 18] JK & S (27. 00 +
1.50)°C, pH 2}y 7. 50 ~ 7. 90, /K A& 41 o 2 1
J¥ >4.90 mg/L, G AR <0. 120 mg/L,
1.3 #mRESERIE
1.3.1 4K PERe

FRAR I A R AF R 1 d, D& AR 3
S R | B R MR R AR T
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1715 2 (Survival rate, SR) 14 8 3 ( Weight gain
rate, WGR) | 7d] B} % # ( Feed conversion rate,
FCR) F5E 4 K% (Specific growth rate, SGR)

S, = N./N, x 100 (1)

Wer = (W, =W,)/W, x100 (2)
Fog =W/ (W, = Wy) (3)
Ser = (InW, —=InW,)/t x 100 (4)

ﬁEF':SR j‘]ﬁ(ﬁi,% ;WGHﬂ‘jiE$9% ;FCHy‘?]/fﬁj
A S MR E AR, %o/ ds Ny WA KRB,
R s Ny it AL, B s W, WA RAR TR, g5 Wy ol
VIR IR, g5 W, AR, g5 ¢ R IRIRK
B, do

AR PR P BREALIR 4 8 f Rk RIS RS
i, T b T A BRI B L A
B (O 10 P9 T I 05 Jo R 0 £ 1 ) B
HH R IR T , IR R B BB, F53 0T, T figé o1 70 8
W 2 B6E G W o R ) R T O OIS R
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( Condition factor, CF) . JH g & ( Abdomen fat
percentage, AFP) . JT{& . ( Hepatosomatic index,
HSI) JEA FE ( Viserosomatic index, VSI)

C, =Wx100/L’ (5)
Hy =W,/W x 100 (6)
Vg =W./W x 100 (7)
A =W./W x100 (8)

X € WIBWEEE , o/em’ s Hy HIFR L, % 5 Vg
FNEAR LG, % 5 Ao IR G 26, %0 5 W, R £0 1 U 5
L W, NN R, g W o IR R R, g W
AT, g L AR em,
1.3.2  [MyEA ksats

TR T , S M5 7 ik,
B A ) AR A T R G D B S R
i 110 355 R [ (TC) L H b =R (TG) & i
it P VLA R 2B A B 2 w4l 7 6 0 A
XRAAMA 3(C3) AMA4(C4),
1.3.3 {REFAE

TR LWL G, S R Wk,
22 (NRLLO, AR YT = R R A
FELZA 1) 1000 7 B0 i, S Jes i 0 Bz Jok: 00 T R Pk B
BEBULA RS RE (L") L0 (a™ ) VB RE (D7 ) i
T,

UL B R
Back muscle
sampling point

28 B 20 7 PR BUARE S
Skin sampling points
%) near the side line

FE B JR A ki

Abdominal skin sampling point

1 HAXESRRE. FeElFES
Fig.1 Flesh color and body color measurement
points of channel catfish

1.3.4 i Ay

RIS ARG , BB WM ik, I
P 55 SRR i T B A DNA 2% = b mUi R S0 A=
PIRHEA RO R BEATIN Y, Ja SR T R S0 i
Ja TH-5 AT B 5T b o
1.4 HESIHSSHF

TR0 AEF F Excel 2020 1 SPSS 24. 0 i#747
GEitor A, Bode A 5 2K 5 22 23 ( One-way

ANOVA) . ffi ] Duncan FGEAGE04H [R] 22 5, 45
PLSEHAME + AR (Mean + SE) 2275, 2 M K
STkEE N P <0.05,

2 4k

2.1 1R BEm R4 K RE RIS

Hi1Z 2RI, 4% b 3 20 50 5 SR Bl 1) A 16
LR PR G R R R B E R R
JEAAR L | HE 5 B2 TR L L IR IR 8 1 8 3 22 S+
(P>0.05) , Ut Flkl AR IS T i 14% A2
X BRE 5 SRR A 14 A A P RE 7 A= 7 IHTEI

F2 IRMAXTBEAR X EEOAE KRR
Tab.2 Effect of cottonseed meal on growth

performance of channel catfish ( Ictalurus punctatus)

i H 24 5] Groups

Ttems %I B8 Control M1 M2
IR IBW/ g 49.83 £0.03 50.00+0.05 50.03 +0.12
KIGFE FBW/g  156.90 £0.56 154.13 +7.67 148.26 +2.06

W WGR/%  214.88 £0.95 208.23 +15.49 196.27 £3.66

KRR FCR 1.47 £0.05  1.42+0.10  1.50 +0.03

o e 12522

WEJ_[\K

SCR/ (% /d) 1.88+0.03 1.91+0.08 1.83+0.02

TG SR/ % 98.00 £1.15 100.00+0  100.00 +0
kR CF/

HEW% 1.86+0.10  1.80+0.09 1.75+0.07

(g/cm”)

AL HSL % 2.10+0.06 2.21+0.15 2.07 +0.17

WEAARLL VSL % 14.65+0.90 16.67 +2.42 13.56 +1.43

5% AFP/% 5.39+0.11 5.25+0.25 5.18+0.20

T FATEAR A AR AR 8 308 22 5 .35 (P <0.05) , ToF Bk al
AR FRRR 2R A RFH (P >0.05)

Notes: In the same row, values with different letter superscripts mean
significant difference (P <0.05), values with the same or no letter

superscripts mean no significant difference( P >0.05).

2.2 1RHAXTHE S R B E A& SRR B0
T 2 AT, GRS I 7% 1 14% AR R
AR BE A SR Ifi 7 €3 .C4 TG\ TC #G
BEFEZ W (P >0.05), U EEFERIN 7%
14% [PRRAAS 23 52 R BXE pet, SR8 i 19 g 0o 1 1 2
o E LIV o
2.3 FRIAXTEEA R KR ALA & EER
H e 3 AT, 55X R AR L, AR AR SR
X BE A5 SR S 00 TE B e S B T RE LW R G W
Z5F(P>0.05), 1 M2 21 5% 2 & X0 B4
(P<0.05), i A kA3, 75 56 0P 5
RIS EAHEAE (P >0.05) , iR 5 B
JE PR (P>0.05), Ml 2 EAEA, |5
M1 5 M2 22T 23 s TR RZH (P <0.05) .

http://www. shhydxxb.com



342 o\ w7 ok % ¥ R 2%

TEAR SER 26 AF R A R AR IS I 7% I 23 5%
My 3RE 5, SO A AL P £LBE , BN e ik 14% if 22
S BRE A, SRR B RS2

m 8 Control

o 8 m M1

E = M2

o 6

2

& 4
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> i_illl
= SHEE
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B2 #RFaxa R iE AL IEiRE R

Fig.2 Effect of cottonseed meal on the serum

C4/ (g/ L)

biochemical indexes of channel

catfish (Ictalurus punctatus)

3 BENHRAXEMEKEIRNGEENN
Tab.3 Effects of cottonseed meal on color values of

skin and muscle of channel catfish (Ictalurus punctatus)

WiH 2H 5] Groups

Items X} B8 Control M1 M2
JEFR Rz Ik
Abdominal skin
EEF LY 84.20 £0.70" 85.19 +0.67" 86.92 +0.59"
A 0.43+0.11 1.12+0.52  1.36+0.12
Wb -0.43£0.25 0.83+0.72  0.90+0.50
i e 1k
Lateral skin
EREL® 32.37+2.72 35.54+2.53 35.27+3.96
P o -0.35£0.12 -0.54+0.38 -0.36 £0.17
Wb 1.2120.10  1.83+0.26  1.98 +0.25
LA
Dorsal muscle
ZIRE LY 51.36 £0.35 50.68 +1.53 51.23 +1.04
AN ~1.52+0.52* 0.68 +0.18" 0.72+0.25"
R b 0.58£0.26 1.50+0.39  1.17+0.15

T AT B A bR A R 7 B 38R 22 5 35 (P <0.05) , o5 Bl 3
A FEEFOR 22 A B (P >0.05) .

Notes: In the same row, values with different letter superscripts mean
significant difference (P <0.05), values with the same or no letter
superscripts mean no significant difference( P >0.05).

2.4 FREAXIBE S X R A 8 B A AR 0

i 5 LR (18 3) AT, 76 S [R] A A KO- T
Bt SRR A fi7g 3 AR AR RO OTU DL R 45 2
A1) OTU, HHr,197 4~ OTU 78 A Bt i X fi
MR PRI E W, L Z R, A 106 4
OTU .180 4~ OTU #143 /> OTU 43515t R4 M1
2 R0 M2 ZH TR o
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M1 M2

/ 50 \
180 43

106

X8 Control

E3 OTU FEHE
Fig.3 OTU Venn chart

12 4 IR BRATTR ] ( Fusobacteria ) AHX
JEKV-BEE RS I 2 S5 N IS BTG
H M1 R T TR B 2T 0 IR
5 M2 2H(P<0.05), MEEER ] ( Firmicutes ) #H
X F AN 8 5 Z tH s i #e, H ML 20 JEBE 1R
I IAH B K P 8 2 e T IR S M2 ZH (P <
0.05) , BEHERDEL IR I 7 % (R KRR RE 52 0 3RE 5 S
el 1B T 1 4

H1ZR 5 w00 Bl A5 AR K P35, ZLBR R s
(Lactococcus ) FHRX} - IR 256 E TG T
e H M1 22Uk R JE AR X B KT B 3 T X
M5 M2 4 (P <0.05); 1M &+ K &
( Cetobacterium) A5 2. M 5 J& ( Plesiomonas ) ¥4 X}
FREIRFBEE UK 2 TS BT
e, H M1 ST T 8 5 40 PR e R X = B K
Tl LT XIS M2 41 (P <0.05) , 7EASE
Y5 S5 E T, AR RN 7 % AR R BE B0 BT A5
JFE il gy 1 R J R 445 o

3 ifig

BF5E 2 0, 16. 64% [ RRA B AL IR R

35% ) 5k , %f ¥ ( Crenopharyngodon idella) 4f)
A AR R B RO, A
ARSI 7 % A1 14% FIRRRE AR R BE S X
R AR K PERE JEARIRAR I TS B . S51E
0 RLA X6} ( Litopenaeus vannamei )™ | 12
I Bl 6% 401 8 ( Pseudobagrus ussuriensis) ™ M6
schlegelii )" . Bl 3k @5
amblycephala ) Wk 32 6
( Scophthalmus maximus) "' 4l b By BF 58 25 A

(' Acanthopagrus
( Megalobrama
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fBlo SARRE S FH A S 1% O B 2 L T 5 AW B 1 A
OB R R SR . AR R AERE S R
AR RN 25% ~ 30% B A B H K 2 %
BE 5 SRR A AT R . {H BARROS 45 fiff
FER IR, ROV 7E BE 5 SR i Gk v R o 4 R
CHRDIE PO 22 IR 7 i R BRDRLER 1R 6. 2% )
FARRAD (B AR ER 0. 122% ) S8 ARG A & 1%

PRI TR AR B i, 3K Ud B £ X AR} o g
B LA BURK XY AR v i A T ) AR R
W, TRE S E A A Kk RE . AR, H
A B 2 N I 149% 41, 24 Xof BRE o5, S fi 14 A= 4
PR AR, e SU 203 g £ ) ek b
31% BIRERIRRAR 75% B SRR f A KPR B T
TR 235 SR AT D o

x4 VKTEHER S YA FE

Tab.4 Relative abundance of top 5 species at phylum level

i H

2 5] Groups

Ttems

X} B Control

M1

M2

AT #1] Fusobacteria
JEBEH ] Firmicutes
A [] Proteobacteria
IFFHI ] Bacteroidetes
T ] Actinobacteria

0.726 0 +0.013 2°
0.237 5 +0.007 5°

0.030 6 +0.006 6
0.002 1 +0
0.003 5+0.001 8

0.234 0 £0.094 6"
0.724 9 £0.122 8*
0.026 8 =0.016 2
0.0112+0.009 8
0.000 9 +0.000 5

0.916 9 +0.015 7¢
0.052 5 +0.010 1°
0.028 0 £0.004 5
0.001 8 £0.000 1
0.000 6 +0.000 2

T R B R AR A R PR 30K 22 57 B35 (P <0. 05) , 7 RFsliAf [R] P 2R 2 5 AN B3 (P >0.05) ¢

Notes: In the same row, values with different letter superscripts mean significant difference (P < 0. 05), values with the same or no letter

superscripts mean no significant difference( P >0.05).

x5 BAKTHRES WYMEXTFE

Tab.5 Relative abundance of top 5 species at genus level

i H 2H 5] Groups

Items X BE Control M1 M2
B FFHE & Cetobacterium 0.726 +0.013* 0.234 +0.094" 0.917 +0.013*
AR JE Lactococcus 0.222 +0.009° 0.698 0. 136" 0.043 +0.010°
LB B Plesiomonas 0.017 £0.005* 0.002 +0.001" 0.021 £0.001°
R0 2 AT 8 Pseudogracilibacillus 0.002 +0.001 0.008 +0.004 0.001 =0

(B % )& Pseudomonas

0.001 0 £0.000 5

0.003 6 +0.003 4

0.000 6 £0.000 5

T R B R AR A R PR 3R 22 5 B35 (P <0. 05) , 7 RF sl [R] P 2R 2 5 AN B3 (P >0.05) 6

Notes: In the same row, values with different letter superscripts mean significant difference (P < 0. 05), values with the same or no letter

superscripts mean no significant difference( P >0.05).

L 375 25 16 2 B0 J e 30 W fat B 11 B B 4
B2 ML TG I TC BEGEFR A LI, BEWS I
e 8 2 N8 AR AR Y L TG ZEfa iRy T3
LIRRIDT BT sAFAE ,  fa R SR A e i, o i
J et 2 i B A IR 25, 3 T 5 ) A 1) A K
RE L AR P, & 4L LYY TG TC 5 B JE W]
B, 5 YU 2P i g RARRL. X B
Jeb e B S R RS 4 % N ST R A 3 A AR
RS . A 28 G5 2 HR BT o0 2 1y S e g T B 4]
SRR R R R S I AR —, R
ST C3 R CA™T | EARHFST e b
S IR X BRE 5 S8 il I 5 €3 . C4 KB TE
FRN X5 LIU 265 gy pRge gl AR, ik se gl
BRI AR AT, HR A 2 Tk
X B P I3 A B A AR R TG B S, IR

RPN RE XS RS A —

RS N FR R B B A Y B
RHEMOK A G TILE KA E MR T
MR S AT B R M 28I 8 R AR R, M1
21 M2 41 AR LA 218 235 T i, M2 21 IR B
IR B8 S 2 v o MR, 45 201 1) kg SR i )
BERRSEIE LR B R B RR AL BE B,
GINADEE SN otk L = G 1 S a1 PO
IR Bl B SR B A A5 i R I AR D
FRG S HRICRY IR N Z 58 4 — 2
WAL, xRS R A e S JA B TR R S o o
A2 R g e IS AR R R I 6% AR X B
YA H 2R B B IR T34, 78% (ASLYG T RE
SERA S A IR N R B R A
WERMAZ,
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TR IR I A A 5 1E 5 1 i 18 B g 4
i3l N ER I R B T AR L T O
VR 2E AR A2 i R PR R R B 1 S R R e Y
T BN N 2 R 7R By 5 e i T A W) TR
[l — Rl AMEPE R 7 Jlad OTU 5 BB R 3,
A 197 4~ OTU TET A BE xS fil iz 18 A i 02
AW, 18 B AR ) A9 355 32 2R 58 v, A [R) B9 A% R
WA SR A A 0w . X5 WONG
28TV T il Oncorhynchus mykiss) - BWF 5T 44
AL BEAh, A g b, B 5 S il Jigg 18 P03 7R
REERBRATR ] JERER ] TR W 4R, B E
RRRR AR GG LG 9 A8 4k, 4% 2 8] 1) 4 % P 34 T
EA el s, 7R TR BT BRZE M2 21 35 i
SR A gy T XL T AR T, i M
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Effects of cottonseed meal replacing soybean meal on growth, serum
biochemistry, skin color, flesh color and intestinal flora of channel catfish
(Ictalurus punctatus)

GUO Yong'?, HU Yi'?, YI Xinwen®’, LIU Xiang'?, LUO Xiang*, HU Yajun'?, SHI Yong'?, ZHONG
Lei'?

(1. College of Animal Science and Technology, Hunan Agricultural University , Changsha 410128, Hunan, China; 2. Hunan
Engineering Research Center for Utilization of Characteristics of Resources,Changsha 410128 ,Hunan ,China; 3. Shenzhen Alpha
Group Co. ,Lid. ,Shenzhen 518067 ,Guangdong, China; 4. Changsha Animal and Plant Disease Prevention and Conirol Center ,
Changsha 410023, Hunan, China)

Abstract: To investigate the effects of different levels of cottonseed meal added to the feed on the growth,
skin color, flesh color, serum biochemical indices and intestinal flora structure of channel catfish ( Ictalurus
punctatus) , seven hundred and fifty channel catfish with an initial body mass of (49.95 + 0.05) g were
selected and randomly divided into three groups of five nets each, with 50 fish in each net cage. The base
feed without cottonseed meal substitution was used as the control group, and three isonitrogenous and isolipid
test feeds were formulated with 7% (group M1) and 14% (group M2) cottonseed meal replacing 25. 8% and
51.7% of soybean meal in the base feed, respectively for 60 days. The experimental results showed that.
Compared with the control group, cottonseed meal substituted for soybean meal had no significant effect on
weight gain rate, feed coefficient and morphological indexes of channel catfish; Cottonseed meal substituted
for soybean meal had no significant effect on serum levels of complement 3, complement 4, total cholesterol
and triglycerides; Compared with the control group, cottonseed meal substituted for soybean meal had no
significant effect on lateral skin of channel catfish, but the high cottonseed meal group (M2) significantly
increased the brightness of the abdominal skin; cottonseed meal significantly increased the redness of the back
muscles of the channel catfish, but there was no significant change in the brightness and yellowness values
among the treatment groups. The cottonseed meal group had no significant effect on the brightness, redness
and yellowness of the abdominal skin of the channel catfish. Compared with the control group, the low
cottonseed meal feed ( M1) significantly reduced the relative abundance of Fusobacteria and significantly
increased the relative abundance of Firmicutes. In conclusion, when cottonseed meal in the feed was replaced
by less than 51.7% soybean meal, it did not affect the growth performance of channel catfish, but it affected
the skin color and flesh color of the fish.

Key words; cottonseed meal ; Ictalurus punctatus ; growth; quality ; serum biochemistry index ; intestinal flora
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