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FE: NI T RGP K SR AR 2 B AT ) K 0 B (Micropterus salmoides)d: 1 | A5 31 K IE A= K38
FILH(GH) 285 F A KX -1 e (IGF-DAR X 635 F FE 50, 35 HIR) AR AR Tk (5.0+0.4) g 1R F R F 5%
X4, WE 3 ARMRAREMAQ K]/, 3K/A, 4R/d), BHIAEE, FFRERIM 120 d WIRERE . F5RERY, 5 30
R 60 KIF, K H RO 34 F R AR KR I AR AZ BIBRUR Y 15200 (P>0.05), TAESS 90 KT, 2
/A ARG B B A K S T 4 R/d 4(P<0.05), 5 3 Yk/d 4UAH TG | EPE2E B (P>0.05); 45 120 KA, 2 vk/d 4k
A WS T 3 R/d 4URT 4 YR/ H(P<0.05); 5 MEAT X 1M Vs A AR A L B (ALT) . RITTA R MRA L
FHG(AST) . TRPEBERR MG (ALP)IG I . W HEGE . M BIREATH I = BR(TG) & &= . L S PiE L RE J1(T-A0C) . At H
JK it S A0 P T (GSH-Px )17 P K N B (MDA ) 7 15 35 TG 8 25 M52 W8 (P>0.05) o Bifi & £ IRAT 3 (38 on, - JHF R ok 4 Ak =0l
(CAT)TEME B I35 BB P (TP) L UM (Glu) 7tk 52 R A e 24 L it v EH[_IE?(TC)EJ:%H"JE_%“, 55 30 RIFH I
N TR IR S0 A b A B (T-SOD) i 1 TG 1o Pk SE e, THiE 60 2K . 5 90 KAISE 120 KAf, 4 ¥/d 41 T-SOD ¥4
AT 2 R/d ZH(P<0.05). 55 30 K58 60 KA 120 KH}, 2 ¥k/d T IGF-1 3L DK B A % 2 15 B 45 155 (P<0.05),
55 90 K420 A AFHE IGF-1 AR 3355 J0 W i 22 7. (P>0.05); 4 30 KA 60 Kit, JFE GH FLPRAIX £k k2
FIFEMEAR AL (P>0.05), 17565 90 KNS 120 K 4 Yo/d ALIFIE GH FEPRARXS ik i 8 3K T 2 %/d 41(P<0.05).
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AR Y HE RO K BREE A 75 G, DT 42 5 57 5 )
i UL 43 A R e R O I 1 s S sl
A RKREER, MRS 22457, BB KR
(B, BEARILXH & Ak 1 KR 2 8o
EPTERRM R S ERKBZE R, KM, &
A ST ST I TR G PR K R0 R G0 T R A A
AR R AHOCHE R IR M2, K SR (Micropterus
salmoides) I . ELA YU thss . EFHRFE . Kk
R A ZTH e BB bk, RWKFR b EE
PRz — BIHAER SRR, ROR
il 5 T IR TR TR OK R SRAE, 7 Rk
47.73 kg, SR HT 35 5E AR ST MR AR R X A
AR MABE NS T2 1. 4™
W, AR DR R R e SO R A RS B, X AT
RESSRRARA: 7 804 . S INFRA LA, 38 AT BE 233
M 1A X 8RR K R . B DR F R B I B
IR FREE L A PR AR, TR 2R 5 MR Y 5K
W H RS, ST, A8 o W 58 S K A1
PR IR AT BRI AR XS R R i A 4 | A=
L NFIE GH A IGF-TARXT R F R, LUl E
I ARG PR /K 5 e R FE R 1 R B Y 3 B AR
AR, Shy 3R TR AR PR K 57 5E K 1 R B Y 4R R
HIE S E

1 #MEEFE

R E
I TE P E K =R A 5 BE IR K Ml i 5T
o3 v i b i 3 TR T K A PR K SR A R G
HEAT, a8 O 1 R o b 95 M 4 T AR L B
AR AR 2R —ALZ G el . BiAs
— 3 AR FRERL G, IR AR (5.0£0.4) g,
K (5.9+0.5) cm,
1.2 WETRUBIRKFERS

mE 1, B2 PR, JoKAE K A X
(S mx1.2mx1.2m), FFFEIX (22 mx5 mx2.5 m)FIEETG
X(5 mx3 mx2.5 m), /KA i 2 e AR HE K3
SR RO DX R A . R AR IX 2
W B AR 97%, FEESYBTIER  FRIR
R A0SR L Aar 0 IR R DA R AR A B R —
FAMLEE XS I 56 K AT i AL AL 38, FRAE KR A K
LK, £f56 (kK BibrifE ) (GB 11607-89)
1.3 RIigit

RIRFEHL TN 3 D RATARLH (2 W/d. 3 /d
M4 w/d), BAABAR 3 AEE, RFREEN
20000 /. ERGREHET, KR A7ESRE RS
HEAT 2 ISR, 2B 8 N IR AR
Tk
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Fig. 1 Diagram of the in-pond raceway systems (IPRS)
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Fig. 2 Profile diagram of in-pond raceway systems (IPRS)

1.4 AFEER

pE ) ST °d 3 RS 2 A R TR R S AN 7
JRR K= mpa R, HERS®E= 47%,
FELAE 1 25 5 = 5%) o FEMEAIR S5 1 R] 4351 2 k/d
2H(6:00, 18:00), 3 ¥X/d £H(6:00, 12:00, 18:00)F 4
YK/d 41(6:00, 10:00, 14:00, 18:00), Fhl £,
WHFZEHEME YY) 30 min, M 2 h JFFFRAEHEE R
B35 bR BRI RN | TpRbRE A AR I A KRR T A
RIS, 24 h FREe MK A, RAIZSH
K J5E S IR LA I 3 BT A (Tethys, 325 [51) il 7K J5
R, HHE=4.0 mg/L, /KIEHN 20~32 C, HA<
0.03 mg/L, WAHfREE<0.02 mg/L, pH K 7.5~8.6,
I 120 d
1.5 #Hm*E&E

STAITEFRFEINES 30 K. 60 K. 90 KFI 120
FRAEREN,, RAEATASE 24 ho REERS, BAEE
BEHLEC 20 FEff, JH MS-222 Pk R, FriE ., )
ERK S AT REHLEL 20 B2 £0 T R i ik L,
4 CUKFEHHE 4 h )5, B0 15 min (4500 r/min
4 °C), WEEIMIE-80 CIAAF, Mg, Buhis
LA PR L, WA ARG T80 CHR-AF
o
1.6 HBIEHRSH

KA | B A BT (B 5 BS-400, I
D72 I3 SR F(TP) . A EE EE(TC) . LB (Glu)
HIH=ER(TG) . RINAEAMRALHEHE(AST) . &
RAIRAILFEFEMH(ALT) . BB R W (ALP) 55 I T
AACFE bR, I B o P R TR o R R A
JEE R 1 (ELISA)I R o R I B 4801k 4y 5t AL il
(T-SOD) ., A AL S B (CAT) A B H L &k
fiti (GSH-Px) i M . B4 b8 J1 (T-AOC) LA K N
T (MDA) T R A0 R R e R ) TR

8 I A R A T
1.7 BFHE GH. IGF-| ERRIZENE

$% M8 TaKaRa MiniBEST Universal RNA Ex-
traction Kit 377 & 156 B 45 2 BUH T A9 &L RNA,
I KA RNA Y52 k. SR TaKaRa
Prime Script™ 1% strand cDNA Synthesis Kit %
S & A B cDNA, JF 8 T-20 CERAFFH . M
A Primer Premier 5.0 %1154, H¥E NCBI 3515
P14 R 11 B i 2t 538 21 5 S H A DG BE TR i) 4 KT 91
VR S1W, B A 513 i o M MR A=)
BHEARA R G, §8 BB 100~150 bp
FE 1),

GH. IGF-I, 18S H f-actin H:[H il ihHFK
Jfl TaKaRa TB Green TM Fast qPCR Mixc &, ik
T RT-PCR v, #RJ5 KA SYBR Greenlitk &9t
RIS E f PCRYHS I, 2¢O xE it PCR J
MA&AE R 95 °C 30 s; SRS 40 MEFF: 95 C 5,
58 °C 10s, J&MRMI N 550 65~95 C o R 4E
WEHIN RT-PCR B4 34 M & Ads i th 2. LA
B-actin Fl 188 KNS, XHFEIMEAES CIEHIETT
Bl—Aab 3, L2 Yk/d A4S mRNA KF-hy
e, W 27 BN E A A A R 4 A R
mRNA X Rk .

F1 EHEEPCR3IY
Gene-specific real-time quantitative PCR primers

519751 (5'-3") primer sequence

GH (F) GAGCAGCGTCAACTCAACAA

(R) TCAAACGATACGAGATAGACAACA
(F) TATCTCCTGTAGCCACACCCTC

(R) GCCTCTATCTCCACACACAAACT
188 (F) GGACACGGAAAGGATTGACAG
(R) CGGAGTCTCGTTCGTTATCGG
(F) ATCGCCGCACTGGTTGTTGAC
(R) CCTGTTGGCTTTGGGGTTC

Tab. 1

H:H gene

IGF-I

p-actin
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1.8 tEAR

HHEAXWT:

1 R (WGR, %)=100x( & K ¥ 8 -] 4 1
)/ IR Y

FEE B KR (SGR, %/d)=100x(In 2K )& -
In W1 4R34 ) AR B0 R AL

A (HST, %)=100 T8 ik 5 /44 8

FFRE AR L (VS %)=100x PN i 8/ &

HE 35 J32 (CF, %)=100x{4 i /4K 3

B R (SR, %)=100x 24K 0 1 AU/ 1R £ 1
A

RS 7 R E(CV, %)=100xFEA R ifE 2 /AEA
R e

Tkt R EU(FCR)=H & it /(AR K E- I IR IR )
1.9 HiEALIE

K] SPSS22.0 A AT s Ge it o3 M o Sext
I B E AT BRI 2R 7 2270 BT (one-way ANOVA),
i 22 5t . (P<0.05), 17 LSD #l Tukey [GiZ
ZHE I, AR LA AR E R (R £SE) &R .

2 ZERE5SWH

2.1 HEBRSREMNAKOERSTEKHNZM

IR ], K H R AR AR DL I SR 5 PR R
Tkl A B E A B AET, BEHA 90.07%-~
92.01%, M 2 AILIEH, FRAETT 60 d, KHE
iR {AE . SGR., WGR., HSI fil VSI 7E45 105541
Z A2 5 R 2 (P>0.05). IMESS 90 KT, 2 ¥k/d
XA AERKEEST 4 K/d 4(P<0.05), 5 3
W/d 00 22 R A 120 RET, 2 /d 45
KB ZEET 3 /d A4 ¥R/d 4H(P<0.05),
55 90 K 120 KA, HSI I VST BlF5 M 4 frg 44t
PRGN, 4 W/d A R T AL 4L (P<0.05);
5 LA 3 X6 AL il TG S 2 5% el (P>0..05) o
2.2 MRS NG K OB e iE £ IR0

122 3 W, MRS R 1 R A I ALT
AST. ALP Wi, W, KEEEAM TG &7
R (P>0.05); 26 30~90 KHT, MR X} i
HSEAE R EMEEP>0.05), MES 120 X

F, 2 W/d 2152 T AR (P<0.05); % 60
K90 KN 120 REFHME 2 YR/d Y M 2 I 3
o T ILAB T AL(P<0.05), Bl 5 $5 MU A 38
IR i S BT i A R

F2 RMRIERINKOBGEKMREMESERZ0
Tab. 2 Effects of feeding frequency on growth perform-
ance and somatic indices of Micropterus salmoides

n=20; x £SE
i item "/ 413 group
time 2 k/d 3 %/d 4 /d
WIREIBW/E 0 5.12+0.40  5.34+0.03 5.06+0.01
WG HE SR/% 120 92.01£3.86  90.07+3.14  91.10+4.11
TR ZEFCR 120 1.274£0.06  1.33£0.09  1.30£0.02
KEBFR 120 23.90£1.46  22.04£021  24.20+0.93
B CV/%
E NN 30 18.09+1.09  17.33+1.06  19.09+1.65
FBW/g 60  49.56+2.78  52.84+3.47  53.00+3.34
90 108.66+5.05° 105.63+4.96™ 95.00+3.45°
120 141.80+£9.48" 136.02+7.06" 132.75+7.93°
HE R 30 176.51£16.61 164.94+16.26 181.82+15.15
WGR% 60 174.13£15.42 184.89+10.04 177.62+15.50
90 119.26£10.19* 99.92+9.39* 76.26+6.51°
120 39.72+£0.34*  32.2440.07° 25.18+0.5"
FrEd k% 30 3.33+0.22 3.19+0.22  3.45+0.30
SGR/(%/d) 60 3.3120.19  3.65+0.23  3.35+0.20
90 2.58+0.15°  2.28+0.11*  1.93+0.12°
120 1.06+£0.14*  0.91+0.02°  0.71£0.17°
JHA L 30 2.48+0.16 2.34£0.14  2.40+0.12
HSU% 60 1.62+0.16 1.57+0.11 1.48+0.09
90 1.20£0.07°  1.17#0.11°  1.56+0.04
120 1.66+0.13°  1.53+0.18"  2.16+0.15"
AR L 30 11.00£0.46  12.10+0.37  11.78+0.80
VSU% 60 9.51+0.58  9.18+0.29  9.02+0.23
90 7.97+0.19°  8.46+0.28°  9.29+0.23"
120 8.43+0.30"  7.85+0.37°  9.78+0.26"
U s 30 2.4240.06 2.31£0.04  2.37+0.05
CF/(g/em’) 60 2.56£0.04  2.48+0.05  2.55£0.12
90 2.40+0.02  2.45+0.04  2.46+0.05
120 2.51£0.04  2.67+0.12  2.57+0.10

FE: AT ERRANRING F R38R 22 53 18 % (P<0.05).
Note: Values in the same column with different superscript small
letters mean significant difference (P<0.05).
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Tab.3 Effects of feeding frequency on serum biochemical
indices of Micropterus salmoides

n=20; x +SE
i H item l]ﬂt.l‘lﬂ/d AL group
time 2 %/d 3 /d 4 ¥/d
VG 30 25.49+0.33  25.40£0.69  25.51+0.88
LSz/ 60 27.50+1.27 27.72£1.69  26.82+0.68
(ng/mL) 90 33.79+0.27  33.86£0.46  33.89+0.27
120 48.02+41.01  48.23£0.90  48.19+0.19
o 30 1148.02+18.50 1124.69+38.16 1120.57+28.28

COR/(ng/L) 60  1028.66+8.21 1054.27+23.43 1018.23£19.49
90  1239.94+3.79 1232.87£16.66 1211.53+4.61
120 1557.24£9.02 1507.43+£12.66 1542.214+31.33

A 30 1.59+0.24 1.59+0.07 1.58+0.21
AR 60 1.77+0.01 1.36+0.06 1.35+0.25
ALT/(U/L) 99 1.45+0.21 1.44+0.15 1.43+0.29

120 1.59+0.01 1.59+0.05 1.58+0.04
FII&H 30 12.28+0.61  11.64+0.06  11.71+0.13
ik 4 S it 60 18.26£1.24  16.13+1.19  17.00+1.03
i 90 14.76£2.11  13.69+0.48  15.10+1.73
ASTI(UL) 130 19.01£1.8  18211.16  19.57+0.68
kR 30 21.69+£0.64  22.24+0.85  21.44+0.61
ALP/(U/L) 60 24.26+0.48  25.4+0.88  25.09+0.35

90 35.08+0.63  36.13+0.93  36.06+0.86

120 39.78+0.67  39.71+1.21  40.55+1.13
BEH 30 8.77+0.58 8.81+0.49 9.22+0.23
TP/(g/L) 60 9.96+0.49  10.37+0.15  10.24+0.31

90 12.71£0.55  12.83+£0.53  12.46+0.49

120 14.73+0.86°  13.49+0.49"  13.15+0.39"
T 30 6.9+0.33 6.31+0.53 6.69+0.13
GLU/ 60 9.36+0.43*  4.71+0.69°  5.07+0.87°
(mmol/L) 90 10.274£0.54°  6.97+0.67°  4.33+0.45

120 8.29+0.56*  6.74+0.24° 6.2+£0.73"
4 JIH [ 30 1.56£0.13°  1.49+0.14°  1.92+0.17°
TC/ 60 1.62+0.10°  2.15+0.05*  2.24+0.15"
(mmol/L) 90 1.77£0.16°  1.79£0.1°  1.89+0.09°

120 2.01+0.15°  1.88+0.23°  2.95+0.18"
i =g 30 4.130.26  4.14+0.01 4.11+0.03
TG/ 60 3.25+0.15 3.4140.28 3.4240.16
(mmol/L) 90 1.7540.18  1.73+0.01 1.75+0.05

120 3.13+0.08 3.10+0.05 3.18+0.42

T AT _ERRARNG iR 28 5 B35 (P<0.05).
Note: Values in the same column with different superscript small
letters mean significant difference (P<0.05).

2.3 BIRIMERMNKOZSRFER LN
5 MR 3 X6 A T SRR B I SR AR RE T 4 5
DU 3 A, RS 30 K, 3 Yk/d ik
JIFIE CAT 1% 3 T 4 Y/d 41(P<0.05), {H52
WK/d 4 22 53 L (P>0.05); 45 60 K, 2 Yk/d 4

CAT #1 T-SOD {5 T 4 /d 41(P<0.05),
05 3R/d 4125 5748 B2 (P>0.05), 2590 KH1120
K}, 2 K /d 41 CAT 36 I 3 5 1 3 tk/d Ml 4 ¥k/d
ZH(P<0.05), 3 ¥k/d F1 4 Y% /d 20 2 7 A .3 (P>0.05);
S 30 KA, £il54 T-SOD ki &£ R
(P>0.05); TE45 60 K. 90 KFl 120 KA}, T-SOD
T 1 B 25 15 VR 1 B N I AL 3% MR 3R o) I
JIE T-AOC .GSH-Px {if /] J¢ MDA 7 & JC it % % il

(P>0.05),
2.4 EEFRIFAOREE GH 1 1GF-1 EERIE
FERZMm

FH Pl 4 Rl K E SR AR R GHFLIGF-T 3
DAL F1 R R 6 3k B 37 B R TR B 52 . 758 30
K. 60 K. 120 XA, 2 k/d 4l IGF-1 5 H (A FHXT
Fhm B ERE T 3 K/d M 4 w/d 4 (P<0.05), T
TESE 90 KA, IGF-T HePH B AR ik i 7 45 A0 B
2 8] 22 5 1 38 (P>0.05) . 7E55 90 KAl 120 KA,
2 W/d 4 GH FEF A WE ST 4 W/d 4, 1
GH SR AHXT R IB RIS 30 KA1 60 KA [H]
ZR AR (P>0.05),

3 it

3.0 HIRMENKOZRSHF LK

— N, FE—E G N, B AR 4
AT DA fa S A a4 e a2 Y AR R
JE o IR R, R T SR RS R 90.07%~
92.01%, BATAXHICH M, 7E 0~60 d K, 2 ¥k/d.
3R/ T4 R /d BTN R 1 R A 2R R
HE R | R A KRR R BB E R, X
RIHBEATCR R 2 R/d B, BERSTH L 4EFF R I
iy 2 R B O E SRR RE R AT R . B,
Webster 25 I BE &5 R M (Ictalurus punctatus) |
Biswas 25O 1 WV BF 5 (Cirrhinus mrigala). Roy
2 WIS} % 68K B 48 (Lepomis macrochirus)IRIFSE
RI, BT ARK LT T AR, TE
AHEFE S (55 90~120 KX), 2 k/d 3 0 A K
REAR T 3 YK/ il 4 Y/ 21, X iRDRE R BOERE
Tian 25 & W, 3 Y/d 2H 1 3k 85 (Megalobrama
amblycephala) A R T FIH4 85K I 385 T 6 /d 41,
Tsevis ST IR LI, 4 W/d BRYLF 1 65
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A #=20; xSE B n=20; T+SE n=20; X£SE
s Dakd - 3%/d W AR gaf O KA WA AR g,s D204 B3WA B4RA
B a a = B
#Ez0l #iv [y L,, 2T SES # 5020
=14)
@QLS §§°4 < E s
S 53 e
HE 10 ggz £g010
@] 1v2) T <
0.5 2z < 0.5
0 0 0
30 60 9 120 30 9 120 30 60 90 120
WA/ time Al time AfA)/d time
D n=20; ¥+SE E n=20; x+SE
£ 0.5 RE&s
=] & =]
g 04 W E 4
i = £
11 €03 223
= < 02 % £ 2
g o1 251
0 €%

30 60 90 120
iffEl/d time

& 3

30 60 90 120
Bfiaj/d time

ENGERLTHE SO PNEES 2P kR i 2N Al

I & b7 B AN [ 327K 22 53 Wik 35 (P<0.05)
A ERILERE: B, MBI ILRE C. AP AMLAE T D. RS E. 56 Ok S e
Fig. 3 Effects of different feeding frequencies on liver antioxidant indies of Micropterus salmoides

Different letters on the column indicate significant difference (P<0.05).
A. CAT; B. T-SOD; C. T-AOC; D. MDA; E. GSH-Px

£ 3.5, IGF-I n=20; x+SE
= 3.0 o2¥%k/d
g % 2s m3%/d
R E20 a w4t/
RS 15 2
'gg ’ a ab b ab
& 5 10 b b b
2o [l | N all
2N . . :
S 30 60 90 120

AJA/d time
& 4

S 40, GH n=20; x+SE
=35} o2%/d

ﬂ}g.g 301 a3%/d

& 825t m4R/d

£ 220}

o l5) 2 ab a

ZE 10} > bb
NS
T 0 . .
© 30 60 90 120

iF[E]/d time

AN RN B MEAT 3 X0 K 11 s IGF-1 B TR FI GH B PR AR X 235 1 199 5% )

HETE P b7 SF B AN [R) 7R 22 5 12 35 (P<0.05).
Fig. 4 Effects of feeding frequency on expressions of /GF-/ and GH in liver of Micropterus salmoides
Different letters on the column indicate significant difference (P<0.05).
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PR, R R T 20 AL R B ) R i i i HE
i, SEUEE SR T ALY, R R e A K
ZWR BT HIZIHFE Tk feR, AmEK
PR ZRAE, — o BRI e | S 40 2 e i I
PR Al AT S BAR T, T2 R AT
PR IR A T A T AR B BT MR R X A
KA 225 il RE S A MR | iRl A FRoH
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Effects of feeding frequency on the growth, physiology and expression
abundance of |GF-I and GH mRNA in largemouth bass (Micropterus
salmoides) reared in in-pond raceway culture systems
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Abstract: A 120-day experiment was conducted to investigate the effects of different feeding frequencies on the
growth, physiology, and hepatic growth hormone (GH) and insulin-like growth factor-I (IGF-I) gene expression
levels of Micropterus salmoides (body weight: 5.0 g+0.4 g) reared in in-pond raceway culture systems (IPRS).
Fish were randomly assigned to one of three feeding frequencies (2, 3 and 4 times/d) following the same ration
size. No significant differences were observed in final body weight, weight gain or specific growth rate of fish fed
at different feeding frequencies on days 30 and 60 (P>0.05). Fish fed 2 times/d showed higher growth than those
fed 4 times/d on day 90, and had higher growth than those fed 3 times/d and 4 times/d on day 120. No significant
differences were found in serum alanine aminotransferase (ALT), aspartate transaminase (AST), or alkaline phos-
phatase (ALP) activities, lysozyme, cortisol and triglyceride (TG) content, hepatic total antioxidant capacity
(T-AOC), glutathione peroxidase (GSH-Px) activities, nor in malondialdehyde (MDA) content among fish fed at
different feeding frequencies (P>0.05). Serum total protein (TP) and glucose (Glu) content, and catalase (CAT)
activity, decreased, while total cholesterol (TC) content increased with increasing feeding frequency. Fish fed 2
times/d had higher hepatic total superoxide dismutase (T-SOD) than those fed 4 times/d on days 60, 90 and 120
(P<0.05). Fish fed 2 times/d exhibited higher /GF-I gene mRNA expression on days 30, 60 and 120 (P<0.05),
while no significant difference was found on day 90. No significant difference was found in GH gene mRNA ex-
pression on days 30 and 60, while fish fed 4 times/d exhibited lower GH gene mRNA expression than those fed 2
times/d on days 90 and 120 (P<0.05). Based on the growth, physiology, and hepatic GH and /GF-I gene expression
levels, the optimal feeding frequency for Micropterus salmoides (average body weight: 5.0 g+0.4 g) reared in
IPRS is 2 times/d. These data are crucial for the optimization of culture conditions and feeding management
strategies in IPRS culture operations.
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