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BT RN ERYT, B A e WS
(myogenic factor 5, Myf5) =275 LM A% F-A=
BV, WLAN A B3 (myogenin, MyoG) N
FEEATALAME!, M MSTN 758 UL 2E K
REWNRERAEEER, S AR AL
2 B T

H R AT S AR] Ak} 78 % 45 B 3 5% BiF o5 S il
AR IR YR AL B SUUE SN v N S r = R
PRITAS [R1 Gk 750 K 5 MR AT 3 %8 B o5 S S By £
A CURZEL S LIRS BT R SR, SR B a5 SR LT
1y By G B AR AR AR, o SN BT
vt JOL 978 B AR 1 L i

1 #MHEFE

1.1 REREAMEIRIEIE T

I DL L SR AR ROk S EE R
TR, WAHHE KR 33%, MU KR 6%
[y I KSR TR R SR A p S |
BHH R INE F2KE W 1, 45 OB 2R BEH LR
it 80 HIFL, BRI o Tk iR Ak il 4 v B Ay
(75%5)°C, WAL R L IELEE U (11545)°C . A
BRI, 78 4 CukFE P IRAT7 & .

IR A R g0 & i g e2x2 7k
T, DAk R (R Ak 1R R, EF; BURLE L, PF)A
B A2 /A, F2; 3 /A, F3) Mm%, 1t
4N, 4yl 4l EFF2 . PFF2. EFF3 # PFF3,
B 3 AT,

1.2 REES5FEEE

FFE 0 7 5 A I 2 1 S )
SRS N HEAT, R BT B SR A VT 48 2%
mikr= RA gt gt =R Ty, KB X
JE T 75 T AR T, B () B Rl e ol R
WIS, Wik 1 85, ¥ 180 RS fEeH: . B
FHESE . WIIRIATE N (25.35+0.04) g (BT 5 XL 4
BEHL/T G 4 41, 4l 3 A ER, BOEEMNA 15
Fefh SRR 1Y 12 4> MR (A% A 1.0 mx1.0 mx
1.5 m)7E[a] — s rh A7, FREEWIH 8 JA , TR ]
), 45K E IR FT R (7:30 F1 16:30)8 & if 5% 1
3 ¥R (7:30, 12:00, 16:30), 4 H W ELH-HE 4 4% 0 J&]
W1, o W R R R R TR R BT A N AE B

Fx1 ARBRASERFES
Tab.1 Formulation and proximate composition of the
experimental diets  %; T#Jfi dry matter
Tk diet

[ AT S b AT
extruded feed pellet feed

J5kl ingredient

14 fish meal 6.00 6.00
REHYE T mixed plant protein' 52.00 52.00
iyl fish oil 2.00 2.00
FKh corn oil 2.00 2.00
¥ wheat flour 15.00 15.00
#i B wheat bran 19.09 19.09
AR Z MR Lys-HCI 0.21 0.21
iR — 445 calcium biphosphate 1.80 1.80
Tk salt 0.40 0.40
LAFEMEML ethoxyquinoline 0.50 0.50
TR A premix? 1.00 1.00
HEWE 2H 1%./% proximate composition

HE M crude protein 33.08 33.14
HLIEW; ether extract 5.98 6.05
JK43 moisture 11.42 11.70
JK3 ash 7.86 7.38

e RAHEYE N, T SRR =8 21 3,
HTRBUREHh ST YL R R 2.0 g, BT 25 g,
WRARFE 22 g, WiIRER 7 g, WHNFRREN 0.04 g, BLILHF 0.026 g, Ak
0.1 g, 4E/EZFE A 900000 1U, 4E/EZ D 200000 1U, 44K E
4500 mg, i E K; 220 mg, 44 % B, 320 mg, ZE4 % B, 1090 mg,
Y/l Z Bs 2000 mg, ZELEE Be 500 mg, 4E2EE By, 1.6 mg, 4E/E
2% C 5000 mg, ZM% 1000 mg, MR 165 mg, G 60000 mg.,
Note: ' Mixed plant protein, soybean meal : rapeseed meal :
cottonseed meal =8 : 2 : 3.

2 Premix supplied the following minerals (g/kg of diet) and vitamins
(IU or mg/kg of diet): CuSO,45H,O, 2.0 g; FeSO, 7H,O, 25 g;
ZnS04-7H,0, 22 g; MnSO44H,0, 7 g; Na,SeOs;, 0.04 g; KI,
0.026 g; CoCl,-6H,0, 0.1 g; Vitamin A, 900000 IU; Vitamin D,
200000 IU; Vitamin E, 4500 mg; Vitamin K; 220 mg; Vitamin By,
320 mg; Vitamin B,, 1090 mg; Vitamin Bs, 2000 mg; Vitamin B,
500 mg; Vitamin By, 1.6 mg; Vitamin C, 5000 mg; pantothenate,
1000 mg; folic acid, 165 mg; choline, 60000 mg.

— 5, FFE R A . BRI R KR 25~35°C,
pH K 7.0~7.5, WA S EKT 5.0mg/L, ZAH
#/NF 0.01 mg/L,

1.3 HRmEESHHNE

131 H&EXE FHRAELREHIA KM
FE PR R EIEE 24 h, SRIG SRR
HHBE S SRR B R R, AR R
AR ER . R REGE . BEPLEhE 4 A,
FHMREE 100 mg/L 1R 2368 HH R < 16 HH it g 56
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(MS-222, FE[E Sigma A FDIEATIREEAEE, FFFR
BOHARE . SR)5 TR TIRIF I3 Bk, DIHH
HLA A P2 B 48, 4300 B F-40°C vk A6
M ACURFE R ARAE, FHF LR (A 2 sk A5 A4 1 3
T o T AEARAEE D, s F-80°C
IR VKR V2 AR AR A LIS 5 2257 TR bRl o it
Gh, BRI R A, BT -40C kA TR H R
17, TR A 5E o

1.32 ARl AEARMEaEARSENE
T Ak B3 SR oy WL PR AR 2 ok A 4 e (AR A
MSE T ES R AOAC(1995)bRifE . B & J7 v
WF: Ko SERA 105 CHEF 3 e, HEA
(Nx6.25) & it & H 4 A 3 Jl K & A X (FOSS
KT260, #ii+: FOSS 28 w))illxE; KIS & &2k H
F LA 2 s MK 53R 550 C R Be il 2 .
1.3.3 ARSI KA 24 h NIRRT EEK
PR il JO o 2 a4 o) TR B AR 5T R0 (R AR
K2, PENIEAT BT, B BE S RS ALY
B 1 em® BYSE D5 A /INGR, fil L BRAS A (TALXT Plus,
Stable Micro Systems, %)L & HAE 50 mm A4
il e 4 AR HE AT I A2 o I 2 PE B exponent B4
(Stable Micro Systems Version 6.0, & [E)ic s, il
ESRE AR EEY 1 mm/s, R4 HRE
2 mm/s, JE4E)G R 2 mm/s, JBAS T WL AR E
() 50%. BEAFERERIPIR, Bk 60s, H4EE
(ISR B AR . NI | R SR,
%18 Hixson ZPYHEA

134 2 RNA EH, RHERIUK RT-PCR i
RNA HJHEE: BUHZURE 100 pg 2247 B T HUE A
1 mL Trizol (4°C )Y EP &, WKIBRMHT T
Sy, FREME 10 F, JCE S min, JIIA 200 pL
AL, RIZED 15 s, SRIF 4°C&AF T, 12000 r/min
B0 15 min, BT 400 pL, A AR E S

WEE, A5, ZiRFE 10 min, 245 4C4%
75, 12000 r/min #5.0> 10 min, 3% FiE. K5,
A 500 pL75%1) S, Feordesl)a, T 4CHUET,
12000 r/min #.0> 5 min, B & HEMEH R, /NOF
ROEE, EEEGAEARPLET T, B2
D PR Ay BB E R . i AGE &
DEPC 7K¥#ff# RNA, IS oMli /6t B -
EHHRE R . A#3E ODyso/ODago 1E 1.8~2.0 Z
0] o FeJals AR fm BB Rl — Wk R, T F—
B R 5% o

FG S i BROGE T AE W W R A R &
AT R R, N R B —4 37°C, 15 min; B
—H#85C,5s; )i 4CIHRAT.

RT-PCR f¥3d#%: H primer5 #Fi%it514,
M b N R A LR 2), SRJ5 FH DEPC /K B%,
MR 52 A= W0 0N Wl SR AL A 10 BH - R A T B0, R R
FF: 94°C i 5 min—PCR i 30 I (EMEFF
94°CAs 1 30 s, 55.9°CiR k 30 s, 72°C ZEfH 30 s)—
72°CHEMH 7 min, YEF TUBA 1ERMNSHEH,
278G Myf5. MyoG 1 MSTN JL A (4 4
Xk E
1.4 HRKMEEEREETERE

A A BB AR bR B LA R

1 R (WG, weight gain):WG/%=(W—W,)/
Wox100%

FFE 4 KR (SGR, specific growth rate): SGR/
%=(InW,—1nW,)/Tx100%

THB} ZH(FCR, feed conversion ratio): FCR=
F/(W—Wo)
K, Wo A IPIIGIRE (g); W, o4 e £
(AR TE (g); T HFRFATEI(d); F MR (g)-
15 BESITESH

B B SE H Excel MR BRIALT], SR)E
H SPSS #EAT8dE 3T, two-way ANOVA 43#T

*2 REAFSIMEEERFT

Tab.2 Nucleotide sequences of primersused in the experiment

HAYFEMA target gene 1 &5 (5'-3") forward (5'-3")

#7515 accession number

J 4% (5'-3") reverse (5'-3")

Myf5 TTATTCTGGAAGCATTTA
MyoG TTAGATTTCCTTGGCACC
MSTN CTTGCAGATATCGCGACTCA

TUBA CACTGGTATGTAGGAGAG

TCAGAACGATAGAACTTTT XM_017493744.1
AGTTCTCACCGCTTTCGT XM_017450867.1
CCTGATTCTCTCCTGGTTCG AF396747
CCTCAATGGAATCAACAC GH642228
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TRk 2 R4S DR R 2 ] R AR AE S BAE L, a0
R TK Z R AE B A HAE H1(P<0.05), i one-
way ANOVA W[ Tukey 87 2253 M s AN TR 2
Z I 2= R O, 45 R bR i R R o

2 ZEREHSW

2.1 AEMA R B R0 IR 5T R X B R X E A
gl

MR 3 Al BES SRR E . B E R A
TEAL 22 O 32 AL R Y 52 10 (P>0.05) o B 1 L
B AR H R T A7 B MUBCR A RE W, F2 410
T F3 4(P<0.05), i iH k2 B0 5 AR Ik
o AP RL AU R MR AT 1 28 ELAE G B SR
B A E | R B 2 (P<0.05), {HUE X iR
B A R (P>0.05), EFF2 £H it K 5 A R
W FE T EFF3 41(P<0.05), {H2Z M1 PFF2 4 HI
PFF3 241 JoHH I 2% 7 (P>0.05).
2.2 A[EAERH B AN IR R N R XA
£ {4 28 B % AL P 4B B X 9 B 5% i

% 4 g0 /mKsy . HEE AR K 9
T BRI, PF ZH Y 42 fh K 43 R

Koy &8 B E ST EF 41(P<0.05), miHMEMA S
R KT EF 41(P<0.05), {HALAGN; & & 8%
Z5(P>0.05), BKT EF 41, &Ml K0S &
TR HREBRG N, F3 HBEST 2 4
(P<0.05), {HJZHIKr . HE A AR & 202
5E(P>0.05), 40 1 JK 43 2 32 ) ()bl 78 R 43 mit
BRI 22 AR R 0 2. 2 (P<0.05), - H PFF3 44
2 R T HANZH (P<0.05), {HETE/KS M A
FHLAE 7 5 2 v I 1A & BE k2 22 5 (P<0.05)

5 AT WLARLER (H FURLIR 3 0 5 s 7
22 Z (8] I T B 25 5 (P>0.05), {H 2 HIK 43 Fn
FHLBE W 2 2 32 B RERL R R R A B2 R, PR ZHAY L
KA & B i 3E T EF 41(P<0.05), 1 HHLIG
KT EF 4H(P<0.05). WLAIZKZN . HAEW
FELEE 1A VLK o 5 12t 359 R 32 48 MR R AR AR 1 52 i)
(P>0.05), J FL7ERbRE R DL K 38 AR (1) 28 1.
YR L B 5200 (P>0.05) .
2.3 AS[EI4E A B F0 4 R 5T 2R X B A X R A AN
ShGal: A

R 6 AIRN: AP LR ME . Sk . BRCE MR
WEL W 1 A A2 A A A8 1 5 1 (P>0.05), {H HL A

%3 AEAR BRI IR 55 3T B S X E EAE K EY F20
Tab.3 Growth performancein channel catfish I ctalust punctatus fed different types of feed under different feeding frequencies

n=3; X £SE
45 Y H/g Kif/g AR/ % TR R
group initial body weight final body weight weight gain feed conversion ratio
PFF2 25.29+0.15 109.89+0.98 334.52+1.56" 1.27+0.04
EFF2 25.51+0.08 115.63+1.75° 353.22+5.61° 1.25+0.05
PFF3 25.36+0.09 110.09+1.92% 334.19+7.71% 1.29+0.03
EFF3 25.20+0.04 102.02+2.42° 304.86+9.78° 1.43+0.04
TARLEIR feed type
EF 108.83+1.30 329.04+4.86 1.34+0.03
PF 109.991.30 334.36+4.86 1.28+0.03
MR feeding frequency
F2 112.76£1.30* 343.87+4.86" 1.26+0.03"
F3 106.06+1.30° 319.52+4.86° 1.360.03"

WHEFTZSHT two-way ANOVA
TR feed type
HMAR feeding frequency

2 H. interaction

ns

#ok

#k

ns

ok

ok

ns

ns

H: [FZEE LR R R AL IR AE 7 535 25 57 (P<0.05), *: P<0.05; **: P<0.01; ***: P<0.001; ns /R LR E 25

Note: Values in each column with different superscripts are significantly different (P<0.05). *: P<0.05; **: P<0.01; ***

not significant.

: P<0.001; ns means
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Tab.4 Thewholefish body proximate composition in channel catfish | ctalust punctatus fed different
types of feed under different feeding frequencies n=3; X +SE
215 group 7K 53 1% moisture MG /% ether extract #17E /% crude protein HK 53/% ash
PFF2 73.14+0.38 7.27+£0.27 16.06+£0.11 3.41+0.03°
EFF2 70.45+0.74 7.53+0.29 16.72+0.14 3.31+0.03°
PFF3 73.61+£0.87 7.20+0.21 16.21+0.12 3.64+0.01*
EFF3 72.85+£0.43 7.36+0.27 16.53+0.35 3.3240.01°
ik feed type
EF 71.65+£0.45Y 7.44+0.19 16.63+0.14% 3.32+0.027
PF 73.38+0.45% 7.24+0.19 16.13+0.14" 3.53+0.02%
HMRIFR feeding frequency
F2 71.80+0.45 7.40+0.19 16.39+0.14 3.36+0.028
F3 73.23+0.45 7.28+0.19 16.37+£0.14 3.48+0.02*
MR E T 25547 two-way ANOVA
fARERHEY feed type * ns * ok
MR feeding frequency ns ns ns ok
A2 H. interaction ns ns ns HkE

e [FZEE _LARR R R AL IR AE 7 535 25 57 (P<0.05), *: P<0.05; **: P<0.01; ***: P<0.001; ns /R LR E 25

Note: Values in each column with different superscripts are significantly different (P<0.05); *: P<0.05; **: P<0.01; ***: P<(0.001; ns means

not significant.

R 5 AREITARH BN AR 57 2R X BE 2 X R SN ) 28 A A 43 Y 52 0

Tab.5 The muscle proximate composition in channel catfish I ctalust punctatusfed different

types of feed under different feeding frequencies n=3; X +SE

2H 51 group K43 /% moisture ARG Wi /% ether extract #H7E [H/% crude protein MK 43 /% ash
PFF2 78.51+£0.35 1.75+0.13 17.70+£0.44 1.35+0.02
EFF2 77.52+0.30 2.32+0.25 18.32+0.29 1.33+0.02
PFF3 79.04+0.26 1.84+0.23 17.59+0.10 1.41£0.04
EFF3 77.89+0.40 2.48+0.27 17.79+0.26 1.31£0.07
TAELEIR feed type
EF 77.71+0.23° 2.40+0.16" 18.06+0.21 1.32+0.03
PF 78.77+0.23% 1.80+0.16" 17.64+0.21 1.38+0.03
BIRAIR feeding frequency
F2 78.02+0.23 2.04+0.16 18.01+£0.21 1.34+0.03
F3 78.47+0.23 2.16+0.16 17.69+0.21 1.36+0.03
WH 2T 2245581 two-way ANOVA
TR feed type * * ns ns
ISR feeding frequency ns ns ns ns
2 H. interaction ns ns ns ns

e RSB T ARAS R s 4L ) A7 77 835 25 57 (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001; ns &/ LI EH2E 5
Note: Values in each column with different superscripts are significantly different (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001; ns means

not significant.

BE . PR R A2 B R R RL G S, PR 4]
fRE 3 5835 55 T BF 44(P<0.05), T HE Py Bk A [l
SR B FAK T EF 41(P<0.05). 5 LALRHE . o
PE L PR AINE B A2 BRI 2 1 52 1 (P>0.05),

R IR | 5 P R ML R D) 32 1) 52 WA 42 1
S, F3 ALAORERE | R P FIREL R 5 e T F2
Z1(P<0.05) BExi S RREITT LA L | ZHRRHE | 5k
PR SR LI AN 2 ARDRL AR T AR5 MR 14 52 .
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F 6 A[EE R B RN AR 5T 2R X B A X SmAN P R A B 2T
Tab. 6 Fillet texture profilesin channel catfish I ctalust punctatus fed different types of feed under different feeding frequencies

n=3; X +SE
25 fifi gz b B Pk PR JBe 3 1 ML zRc3
group hardness adhesiveness springiness cohesiveness gumminess chewiness resilience
PFF2 964.51+21.24  -55.04+9.40 0.53+0.09 0.31+0.02 308.70+15.03°  162.36+39.28 0.19+0.00°
EFF2 752.49+20.34  -36.87+6.33 0.57+0.07 0.43+0.01 324.77£7.18°  184.42+18.23 0.19+0.01*
PFF3 1129.50+128.10 -37.43+4.49 0.55+0.05 0.38+0.04 468.14+6.619" 232.75+27.88 0.17+0.01°
EFF3 999.52451.66  —42.94+5.10 0.75£0.07 0.41£0.02 405.07+21.69"  302.18+27.43 0.20£0.00*
TR RPELE feed type
EF 876.01£49.93Y  -39.91+4.67 0.66+0.05 0.42+0.02%  364.92+9.95 243.30420.63 0.20+0.003%
PF 1047.00+49.93%  -46.24+4.67 0.54+0.05 0.34+0.02Y  388.4249.95  197.56+20.63  0.18+0.003"
L kS
feeding frequency
F2 858.50+49.93% -45.95+4.67 0.55+0.05 0.37+0.02 316.73£9.95°  173.39£20.63®  0.19+£0.003
F3 1064.51+49.93%  -40.19+4.67 0.65+0.05 0.39+0.02  436.61£9.95*  267.47+20.63"  0.19+0.003
XU R Tr 26530
two-way ANOVA
TR feed type * ns ns * ns ns ok
ffe"iiifequency : ns e s o : e
ZZH. interaction ns ns ns ns * ns *

e RSB D ARAS R 7R 4L ) A7 77 .35 25 57 (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001; ns &/ L EH2E 5
Note: Values in each column with different superscripts are significantly different (P<0.05). *: P<0.05; ** P<0.01; *** P<0.001; ns means

not significant.

YEFH(P>0.05), {H 2% WUE & 1 Fn [l & ¢ 52 3] 4]
ALY F 4% MRS 19 A8 BLAE FH (P<0.05), PFF3 FlI
EFF3 410 s 4 1 3 25 5 1 HoAth 9 41 (P<0.05), 1fif
PFF3 21 % [m] 52 P f 2 I T HL A 20 (P<0.05)
2.4  7[E 4R LB A0 3 0E 4 R X BT A X2
Myf5, MyoG 1 MSTN £ & R i% B %1

f 1 A LA AR Myfs, MSTN 35K A9 AH
Xf F ik w2 FIDRLRL R A 52, PF 4HRY Myfs Al
MSTN JE K A X e ik i i KT EF 41(P<0.05),
1M MyoG & PR % AH X 2% 38 o W I8 22 5%(P>0.05) .
WL H MSTN 1 MyoG i [R] 14 FH X6 2 55 52 31 4%
WEL 557 % () 5 1) (P<<0.05), F3 ZH Y MSTN 5 [A] f4) 4 ok
TR RN EE T F2 41, MyoG 3t [H A X ik i
)52 BAH S A, [] s MyfS 366 DR A A X 2 3k i
255 A8 3 (P>0.05) . LA H MyoG A (9 A X0 55
TR f 32 B bl 3 R MR AT 4 1 A2 BATE FH 5 e i
#(P<0.05), Jf H7F EFF3 4Kk MRALE, B
MSTN F1 Myf5 J P 4 AH X 2 3k 1 W 38 A A2 21 )
AR R AT 32 B AR R 952 0 (P>0.05)

3 e

31 A[E) 4R A A BY A0 HE IR 50 2R 3 B R X R A
A

ACHIF 5 235 ST H A5 MR Ak ARk A L RO )
XPEE 3 SO R B B AR R O B
25, XEEREMAMEP TR Xu S5 SE RAR
Lo ULk, F2 AARRE IS SR E ST F3 4,
FIIZAME T A BE A SR Bl ) 5ol B A 3y 2
W/H, %5 Andrews 2522 RFSE S5 AR, (HE
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Effects of different feed types and feeding frequencies on growth and
muscle quality of juvenile channel catfish (I ctalurus punctatus)

LI Zhuogqin, LIU Wenbin, TIAN Hongyan, XU Chao, JIANG Guangzhen

Key Laboratory of Aquatic Nutrition of Jiangsu Province, College of Animal Science and Technology, Nanjing
Agricultural University, Nanjing 210095, China

Abstract: This study aimed to investigate different feed type and feeding frequency on growth and muscle quality
of juvenile channel catfish (Ictalurus punctatus). A 2x2 design with three replicates was performed in this trial,
which included feed type (extruded feed, EF; pellet feed, PF) and feeding frequency (twice daily, F2; three times
daily, F3). In an 8-week trial, regular feeding twice (7:30 and 16:30) or three times (7:30, 12:00, 16:30) daily
occurred, and the amount of feed was adjusted to keep all cages consistent. The results showed that the final
weight and weight gain rate of channel catfish were influenced by the feeding frequency, the results from the F2
group were significantly higher than that of the F3 group (P<0.05); meanwhile, feed type did not affect the growth
of channel catfish (P>0.05). The crude fat content, cohesiveness, and resilience of the pelleted feed group were
significantly lower than that of the extruded feed group (P<0.05), whereas the hardness was significantly higher
than the extruded feed group (P<0.05). The hardness, adhesiveness, and chewiness of the F3 group were
significantly higher than that of the F2 group (P<0.05). The relative expression of myogenic factor 5 (Myf5) and
myostatin (MSTN) genes in the pelleted feed group was significantly lower than that in the extruded feed group
(P<0.05). The relative expression of the MSTN gene in muscle of the F3 group was significantly higher than that
of the F2 group, but the relative expression of the myogenin (MyoG) gene showed the opposite trend. The present
study indicated that the growth of channel catfish fed extruded feed was similar to those fed pelleted feed with the
same formula. Fish fed pellet feed had higher hardness, whereas fish fed extruded feed had higher muscle fat
content. The optimum feeding frequency of channel catfish was twice daily in this study.
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