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TR, FRUA A A P 0 E /K BT S HL, K
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() 0 BEAT T BORIRR B . SR 5 R A £ T B AL 3% X
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Hrpeo R A MVLNFEA, 20°C AR ERIRAE, T
LA A3 43 #T o IR, MK 6 R £ 1) A5 I B AR LAY
FE b, T BALTR bR . T3 416 ) 00 2o LA A=
FERE R 2OEA R G, —80° CI-A7, I T BEs P |
BRI RIREE o Ak, B Horh3 R A A LAl
A EY) %1 cmx1 emx1 emBJALAIBE, AT 403
SR e . HAN R A A ML T A%
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B THT 43 3 00 5 UL PA) 4L 4% 4 5 9465 1 (TP A9) Y
FEAMELIE IR /INAH I (193 5 0 X R — A B (13 0L
P, T2 T A8 mmlB A B BRI 52 UL PR 4 23 1)
TR PHAEETE . A SR AN S S5 A
1.5 ALZESH

AL I LA RE RTINS pum), 5 AR -HRHAL
FOPF AT . 7065 BB PS4 (1))
Fr, F H Image TR, &5 2 1 &-D) v 2930048
SEWLAF 4R R A E AR KL 4E 5 A3 B AR
FEl(<20 pm, 20—50 pm, LA =50 pm). WLEF4E50
RRIN NP B BN AT 4L BR 5 ULAF 4E
BA R,
1.6 AR EBESHENR N (RT-PCR)S T

BHSCERITIE, 2 LA S RNA FHR U
FRUE B P AT, T8 3t i R At J P Uk R A s U G )
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gies, 3 [ 760 BEvF I 8 HLuk BE AT 40 FE, AR 48
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% —HEcDNA, fR1FT-20C. RN ERETIMERK 2
R, IEFE T 6NN E KL (B-actiny b2m+ rpl7.
hprt. ubce. 18S RNAFIgadph)f il #% s Fa e P .
{5 FH (https://genorm.cmgg.be/)geNorm 73 #T, rpl7Fll
gadph M) BRI Rl AR E « BRI, B3RP 3R
IEIKEARAEA N rpl 7R gadph B JUART 348, @it

2T R AR Tt I B B
1.7 MEEEMERISLS T

N 1% (Malondialdehyde, MDA )l %2 1771 &5 «
SR AL W) B AL B (Total superoxide dismutase, T-
SOD)ll & W 5f) & 1A b A B (Catalase, CAT)
€ T G A S B S BE /1 (Total antioxidant capa-
city, T-AOC )k Ml 771 & 2430 T~ B ot i Bl AR P T A%
WA BR 2 ), I AR 42 1t B kAT
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Ingredients and proximate compositions of the experimental diets (g/kg dry matter)

F 7K -FReplacing level (%)

Tab. 1

JikHngredient (g/kg)

0 10 20 30 40
¥ Fish meal 250 225 200 175 150
X A # Chicken meat meal 200 200 200 200 200
T HISoybean meal 120 120 120 120 120
1£ 4 FiPeanut meal 50 50 50 50 50
/N2y Wheat starch 161.75 161.75 161.75 161.75 161.75
T K A #Corn gluten meal 80 80 80 80 80
SEHFHIRapeseed meal 0 24.9 51.7 78.6 105.5
i FFFA Cottonseed meal 0 14.6 27.6 40.6 53.6
F kit Corn oil 20 18.68 17.34 15.99 14.65
1 Fish oil 10 12.04 14.09 16.13 18.18
e CHE IR TG 5N Ascorbyl-2-polyphosphate 10 10 10 10 10
4k Z R AR Vitamin premix” 5 5 5 5 5
W45 TR £ Mineral premix” 5 5 5 5 5
fHHH Choline 5 5 5 5 5
— KR — A4 Ca(H,P0y), H,0 10 11.75 13.5 15.25 17
=5 A AY,0, 0.5 0.5 0.5 0.5 0.5
4% 2 Cellulose 72.75 55.78 38.52 21.18 3.82
KLY 53 T (%o T4 53 22 4illh) Proximate analysis (% dry matter basis)

T4 Dry matter 94.6 94.5 94.6 94.6 94.6
#12 [4 Crude protein 44.0 43.9 43.7 44.0 44.0
HL g 5 Crude lipid 9.43 8.85 8.82 8.96 9.00
K4y Ash 8.79 8.83 8.77 8.88 8.63
T B ki Free gossypol (mg/kg) ND 24.77 41.49 56.75 78.10

T R, HLE 69.95%, HLRINT 9.03%; % AH, AR H63.42%, MG 12.49%; SH, MLEE H47.16%, MG 1.67%; 16441,
H50.79%, HLIEWI7.21%; /N R, AR F111.25%, HEHT1.69%; T K 40, HLEE 1960.69%, FHLAEHI3.81%:; SEFFH1, &K 1140.64%,
FHNED3.98%; KA A, KA E151.89%, M IENT 3.29% . AHIC R B HLVE B R IR A ml 44t . ECHERRERH el L i is b 3 A TR
ARt “YEE R TR E (mg or TU per kg diet): BEER4EE ZA, 10000 TU; 4E24E D3, 1000 1U; 4i4: KE, 30 1U; 484 %K3, 7; 4i/E &
B, 6; 4/ %B2, 3; 4E/E % B6, 12; 4/E%BS, 30; MR, 50; AL, 1; R, 6; 44 %B12, 0.03. "H S R EL (mg per kg diet):
Ca(H,P05),-H,0, 1000; FeSO,*7H,0, 40; ZnSO,4-7H,0, 40; MnSO, H,0, 40; CuSO,-5H,0, 2; CalO5-6H,0, 3; Na,SeO3, 0.05; CoSO,,
0.05. ND, A& F kil TR

Note: Fish meal, 69.95% crude protein, 9.03% crude lipid; chicken meat meal, 63.42% crude protein, 12.49% crude lipid; soybean
meal, 47.16% crude protein, 1.67% crude lipid; peanut meal, 50.79% crude protein, 7.21% crude lipid; wheat starch, 11.25% crude protein,
1.69% crude lipid; corn gluten meal, 60.69% crude protein, 3.81% crude lipid; rapeseed meal, 40.64% crude protein, 3.98% crude lipid,
cottonseed meal, 51.89% crude protein, 3.29% crude lipid; all supplied by Zhanjiang Yuehai Feed Co., Ltd. (Zhanjiang, China). Ascorbyl-2-
polyphosphate is supplied by Shanghai Hanhong Chemical Co., Ltd. (Shanghai, China). ‘Vitamin premix (mg or IU per kg diet):
retinylacetate, 10000 IU; cholecalciferol, 1000 IU; all-rac-a-tocopheryl acetate, 30 IU; 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. "Mineral mixture (mg per kg diet): Ca(H,PO3),-H,0, 1000; FeSO,-7H,0, 40; ZnSO,4-7H,0, 40; MnSO,-H,0, 40;
CuSO,4 5H,0, 2; CalO5-6H,0, 3; Na,SeO3, 0.05; CoSOy, 0.05. ND, not detectable
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{8 FISPSS 19.0%8 A% Hiedls #E4T GevH Al o3 #r, LA
PA PR #E 1R (mean+SE) R IR 45 B #AT ST 0 #hr
AT, K FHKolmogorov-Smirnov A 46 P74t A [F] 4b 2L )
TEASTE % 4k T 2 R) 55 35 P A FH o DR 3R T 22 40
FDuncan% AL LR, P<0.058 N AR A B3
Z 5t , K AN [F) 7 BER IR AN [F] 7K1 B AR ] MR 2 1) 22
Fei . BEAh, HEAT 7 A DL IR S A

2 &R

21 AAMERS REHIBRSE
PR 3 AT %0, B 5 ARk b AT R RN SR TR A
BT, WU A R 2R B ROREL A 5 2 R R,
Wi, S ERZHFIRM10 4170 38 3% 2 5, 1 24 B A KT
IEFN20% K UL, HL AR A RO 7 B IR T B
K, MK SKSMESHAF LR EZEST. A,
WA 3 I R R & =B B AKP T s T R

x2 HREEIY

Tab. 2 Primers used for real-time PCR

FA NCBIZ %
SR | #pprimer (5—3") J#5INCBI
Gene RefSeq
it SATISTIGCACAACETON casise
i AASSAKCTEAINS Xaozmissaeo
pr USRS CANTECAS Krossst
s SESTCCTOACCATMTT kowoass

22 AARMURIALEERRI D

Wi 1AIER 4FTR, SRA AR IR & B AR
w1 LA OIS 44, B AR AT 4 B2/ 15
B4, E e RER, HAEKTZT 50 umfLEF 48
IR R B AT s i BRI, 17 B4R /N TF20 pm
LT A U 23 &% . RMI104H 5% 2
HAEKTET50 um LA 45 & 5% B35 2
S, HoA R 56 2 1) B3 AR

T P S0 £ UL PR AR % AL TR 2 R
RMA404H (54 DA K MH I S5 2 v T 0 R4, RM10
DL RM20ZH 11 N 58 77 DA R 6 1 6 38 v T L Ath 4
X R4 DL R RM30E AR AL s i LA [l & 7 6 3%

=T HARER 5).
23 AlALXEHEXEERESREHEXERRIE
AL

TEpRL R G R A R R AR O S BRI
Taktl. mtorclFls6kl FImRNAIK -, Ft & 1 4ebpl i)
mRNAKF. WNLYER EHKE R myod. myog
Hmrf4\ImRNA Kbt 5 B ARK T & i =,

Control RM10 RM20

100 pm 100pm |, ©0 oo 2100 pm

RM30 - RM40

100 pm - T ; 100 urﬁ

1 NIRRT VR & A A A 1 Y R AR e e LA B T S ol
5
Fig. 1
sources in place of fish meal on the microstructure of white muscle

The effect of different levels of mixed plant protein

cross-section
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Tab. 3 The crude composition and hydroxyproline content of yellow catfish muscle after replacing fish meal with mixed plant protein

sources at different levels (wet weight basis)

HR/KFReplacing level (%) P{EP-value

3 ) — Y

e 0 1 20 0 O e Quiie
7K 4} Moisture (%) 79.49+030  79.62+0.20 79.74£020  79.39+0.10  79.51+0.30 0.794 0.831
L2 1 Crude protein (%) 17.90£0.14°  17.79+0.11%  17.44£0.10  17.16+0.10°  16.48+0.17°  0.000 0.000
JK5Y Ash (%) 1.2240.01 1.2340.01 1.20+0.02 1.2240.01 1.2340.01 0.889 0.445
HELIE 7 Crude lipid (%) 1.440.07°  1.4140.0.08"  12120.08"  12240.03"  1.0240.06'  0.000 0.001
FEIHEFRHYP (ug/mg) 0.33£0.01°  0.28+0.01° 0.25£0.02"  0.25:0.03°  021x0.01'  0.000 0.001

1 A R H meantSEX 7R (n=3), [FAT 78 br A [F) - BER 7R 25 7 5. 35 (P<0.05). R[]
Note: Data represent means+SE of three replicates. Values having different letters are significantly different (P<0.05), The same applies

below
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Tab. 4 Muscle fibers cellularity and percentage frequency of yellow catfish

B AR FReplacing level (%) Pt P-value
T, —y,
Diameter (wm) 0 10 20 30 40 At I
Linear Quadratic
<20 20214044  21.88+0.61°  23.0840.23°  24.64+0.51° 26.06+£0.39° 0.000 0.000
20<d<50 60.79+0.31° 59.93+0.79" 63.67+0.38" 64.07+0.69" 63.57+1.09° 0.004 0.015
=50 19.00£0.26°  18.19+0.96°  13.25:0.59°  11.29+031°  10.37+0.72" 0.000 0.000

TMmyf3-5 msm 13 PRI FRIATE A5 41 (0] 0 2 3 22 51K 2).
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P=0.000 0.001
c
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Fig. 2 Effects of mixed plant protein sources in place of fish meal
on the expression of TOR pathway and muscle fiber development-
related genes in the muscle of yellow catfish
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BAPE . PSR RNE L, 5t b R 5 45 SR )
RN, b % B35 VR A R B U R A 2
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gh B YR AU B RS S BRE B LA LT
YUrh B =50 pum LT 4458 T e, Mgt BRI T
SHEORMNITE SRS ERE LR A 1 &Pt
B 35 B T 103 LR T R 2 i BELAS L4 48 AE K
o R SR £ A )T M3 ELAR S LA 4
3.3 EAEYEAREANEXINLEHELE
ES):ppALG

LA, 5 B2 AR b, B AR R 4 L R
B A CHE R ik IR, XA T R
BT ARG LR R A T AR (AT BEEROK, T RS IR
F LA A2 5 22 (1 JUL AT 200 0 Sk 2 SEKF K AT R KT
b b B FR R T i B R . A R T SR,
FH 50 37 R T A 1 R R A R U8 A o b
SN, £ SR fa LA th A MRFs 5 H %3k
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FOMT 5 LA B myfS« myod Fmrf4%5 3L K ) R 1K
BE LT A, B FRIE, MREsHE R R IA
S LA 2 DL K LR 453493 1) — o 3 ot 1 S
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Yk rp <20 pm £ 4R E H BT, G e E N T ik
WM SRS &SRR S SRS AN
AR RE T B R A AR R ARG

34 SAEYERRBERAMBAZTARGHEXRE
ES[:pRAL)

TOR /& AKT/PI3KI& 2 1 FiiF 4>, fETORAE
A B S, AT DLUE R FI R AE-BP RIS . B
I S6K 1 FRIVE PSR 3 28 (1 B i B . 4E-BP1Z
— PN Gy T AR, S A R 0B
Bl AT RIEYE AR E SRS 3%
TR WL P or B AN RIB B B3 T, X5
FF U 043 5 25U BeAh, M E R R T
Rs6kIFRN ) FikL, Eifide-bplH13RIE, HI, 1XA]
Ae & SR P& A& & T B, ULEF4E B2
(VB TE 53 T HL -

3.5 EAEYERBEERMEBLINBINEILEE
VS =R &L oA

LA 5 5 L PRY 4D A A 453 4 2 B 8 DD A O,
SODAICAT &Pt S A B 18I 1) 55 — & B 28, SODMEAL
0, 4k HH,0,, 1M JG CATHEALH,0, 4k B H,O A

O, fR-4P I 5 52 AR AR . H AT, 6 Tk i
WIEE FET 2R PR R RE PRI T D, M
KR, MR IR AP0 =R 10 2R
UL DL K G d% R G0 A fa 5, M 450 36 f e,
M EK Y, AT, % E S EYE AR
RACFT i, #FA LA T-SOD M CATIHE 14 K F%,
T-AOCH A FEREZ T . XEEIRARIAE LR B
A BLA A RE 1 R %, 9 B S EIMDA KT 1) &
T+, MDA & HLAA AR g 15 R 2 26 3o S8 A I B,
B 2872, B i S Ak bR B, fE A2 I L
R R . LA 2 X R AL g
BE, PR A SR A AR R AT B R S DR SR R
IR IS F2Y 5

4 ZHig

ASHIEFE LB S ORI TN R, FEl SESERT 5 R
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Tab. 5 The effect of different levels of mixed plant protein sources in place of fish meal on the muscle texture of yellow catfish

H1R7KFReplacing level (%) P{E P-value
Fltem s )¢
0 10 20 30 40 Linear Quadratic

Hfﬁiiiiss 963.79+43.03 1014.85+41.65 926.07+46.75 868.99+45.22 1010.93+62.28 0.747 0.500
gﬁ‘ri a abe be ab c

Springiness 0.47+0.03 0.55+0.04 0.61+0.05 0.52+0.04 0.67+£0.04 0.012 0.045
|j\] gv;éjj ab c d be a

Cohesiveness 0.45+0.01 0.49+0.01 0.54+0.01 0.47+0.01 0.44+0.01 0.228 0.000

Fhik ab b b a ab
Gul o 436:52£19.02 501.18424.32"  501.02428.87°  413.80+28.04 438.69+24.89" 0334 0.158
A PG a ab b ab b

Chowe - 210.1221.76 2762242729  307.31£31.41°  218.92+26.97 302.02434.92°  0.197 0333
[B] 52 14 b ab ab b a

Resilience 0.22+0.01 0.21+0.01 0.21+0.01 0.22+0.01 0.19+0.01 0.075 0.151

F 6 EE&ANRIMEILENURMDAKYE
Tab. 6 Antioxidant ability and MDA level of yellow catfish muscle
B AR7K-FReplace level (%) P{iiP-value
FatrIndex & )/ ¢
0 10 20 30 40 Linear Quadratic

MDA (nmol/mg prot) 2.8740.35°  2.87x038"  3.8940.030°  4.11x022°  436£022° 0,001 0.003

CAT (U/mg prot) 5.92+0.13° 5.98+0.12° 5374031" 4.56:0.40" 4.73£020"  0.001 0.003

T-AOC (U/mg prot) 2.1540.10°  2.07+0.15" 1.50+0.05" 1.47+0.06" 146£0.07" 0,000 0.000

T-SOD (U/mg prot) 28.83+0.77"  25.78+0.48°  22.08+1.01° 21.50£1.59°  16.62+0.73" 0.000 0.000
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REPLACEMENT OF DIETARY FISH MEAL BY RAPESEED MEAL AND
COTTONSEED MEAL ON MUSCLE TEXTURE, HEALTH AND
EXPRESSION OF MUSCLE-RELATED GENES IN YELLOW
CATFISH (PELTEOBAGRUS FULVIDRACO)

Z0U Feng-Yu, HAN Ya-Kang, LUO Zhi, ZHAO Tao, XU Jie-Jic and TAN Xiao-Ying
(Laboratory of Molecular Nutrition, Fishery College, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: This article aims to study the effect of rapeseed meal and cottonseed meal on the muscle quality and the ex-
pression of genes related to muscle fiber development after replacing part of the fish meal in the diets of yellow catfish
(Pelteobagrus fulvidraco). Five groups of equal nitrogen and equal energy diets were designed in the experiment. The
group containing 25% fish meal was used as the control diet (FM), and rapeseed meal and cotton meal were mixed 3:2
to replace 10%, 20%, 30% and 40% fish meal, and then set up four test groups as RM10, RM20, RM30 and RM40, re-
spectively. The juvenile yellow catfish with an initial body weight of (2.38+0.02) g were fed with the above five diets
for 8 weeks. The experiment showed that, compared with the fishmeal group, as the replacement level exceeded 10%,
the crude protein and crude fat in the muscle of yellow catfish decreased significantly when the replacement level in-
creased, but there was no significant difference in moisture and ash. In addition, the content of hydroxyproline in
muscle also showed a downward trend. Among the muscle fibers of yellow catfish, the number with a diameter of =50
um decreased when the replacement level reached 10%, while the number of fibers with a diameter of <20 pum showed
an upward trend. At the same time, the replacement of plant protein sources will also have a certain impact on the
muscle texture of yellow catfish. In addition, the mRNA levels of muscle fiber development-related genes myod, myog,
and mrf4 gradually increased as the replacement level reached 10%, while the gene expression of myf35 and mstn did not
show significance between the groups. The expression of TOR and S6K1 decreased as the replacement level increased,
and the expression of 4E-BP1 increased as the replacement level increased. Therefore, this study show that use of the
rapeseed meal and cottonseed meal to replace more than 10% of the fish meal in the diet of yellow catfish juveniles will
damage the muscle growth and muscle quality.

Key words: Plant protein source; Cotton seed meal; Rapeseed meal; Flesh quality; Muscle fiber development;
Pelteobagrus fulvidraco
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