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FIRSTRIT M ERIA K FRE KX O ESVHLEE, ARG LR
B 5 [F R IE B

WA, AN, IRE, BSE, AR, 24K

1. B EERFK= 54 arbe, Ll 201306;
2. R EDKFERR AR AT BE IR AL T 0, AR AR AN IR K e AN RR FRE IR A B R S SRR =, V19 iR 214081

BE: NPT TR K TR T BRATR (2 /d, 3 ¥k/d. 4 R/A)%T K O B (Micropterus salmoides){i
BAY . T TS A R I 2 202 ¥ B i EE TR (L PL) T B B (L) 25 R AR 6 6 38 3 B A S i, 3k A SE 2 (R ol
(5.0£0.4) g MR H BHONIFFN S, 7EMHE TRIGEAKIFE RGP AT 8 120 d MFRFESCE ., 455 RH, BRRM
RN A 4 A0 (VR RELBR U R 43 8 B ) B 35 (P<0.05); 4R MR 2 YR/d AL K 43 % ik B 25 i T LA e 4L, T 2 tkvd
RN & AT HME 3 WR/d. 4 k/d A, KRR A & BB Z R AR A 52 0 (P>0.05); MR 2 ¥k/d
2 i T8 T8 Ry 1A IR U S P T 4 WR/d B A (P<0.05); B MR K T B i T A R 1 R T R RS
(P>0.05), 4 ¥k/d 1 18 2 B HEF 55 B T B B LR R RS 88T 2 W/d A 3 ¥k/d 41(P<0.05). PR 2% Wos, #
L1 25 sk v T U i 00 S AU B, AR 2 WR/d 3 WR/d 4, 4 Wk/d AR AR AS . SR IR S A i . FES 60
K90 K, 2 W/d 40 LPL FAXN Rk BE ST 4 K/d 4H(P<0.05); T7ESS 120 K, LPL BIARN; 335 7E 44 4
] 25 57 R i 25 (P>0.05).2 YK /d 41 HL SEPR AR XS e 7k 3k 0 25 1 4 K/d 41(P<0.05) Z5 5 /00T, TEMRHEM %1 T, it

SEARER K SRAE AR 11 R 14 15 B MR Ry 2 WK/

SR KU BRI WY TR KRR I SR Rk

HESES: S961 SMCERAREED: A

K O BT (Micropterus salmoides) > J& T &
fi& i 4% (Actinopterygii) . #5112 H (Perciformes). &
FH £ &l (Centrarchidae) . SE61 &, AFR I 65, 2
JE T AL SE Rk k) A 23l
w L PLUPESE . B TARSRAERE AL, T 1983 AR E
Wl A E SR, BE R 2 IR K
gpr Rz P F T I S Y IR
T ARG GE b YA S5 . T IEE PR K 55 56 F A6
FRIH o A48 Ak TR A A ORT 1) SR BRI RN 23 (] 1Y
vk, HATERZ AR, 50
b X 30 K B AL ROR 5 R FE A 5, AN F T K

i B HA: 2020-05-12; f&iTBHA: 2020-09-07.

TEHS: 1005-8737—(2021)02—0157—10

7SR A T RS R DY WA L KR A A
I8 T = IE % A 8 4

b3 T FEAL G PR K F25H 2R 45 (in-pond raceway
aquaculture systems, IPRS)ELA Al &M & . 145
Ui DRI IR L, 2 AT M) K
RegRmtite sz —0, Fep E L e, BAS .
FER, WIEEMK I RS C R TR Z
1025, UG5 (Perca fluviatilis) . 4~ ffi(Rachycentron
canadum) . W88 (Oncorhynchus mykiss). VG
(Salmo salar)E58 ) 4Rk, W& WIE T RALIE
MoK SR AR A TR A S, RS A Hrh, S

BEEWE: AL =L ARFR @R K AR RTH (CARS-46); TLHA LA A EOIH 450 H(CX(16)1004); H R H N\t

PERHIF BE T AR AL 55 2% 9% Bh 35 H (2018JBFRO1).

TEE BN WIARH1992-), Lo, WiEWFsT A, FEMNF I TRIIEI KA S FRIEMS. E-mail: xiesuming0797@163.com
BEEE: BRWE, WL, R, TR0 K= @SR E H R . E-mail: xuge@ffre.cn
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TR IEHEEWEER, Bl 8t 5
T FEBH AL S I — PR AR, SR AS A B 1) £ PR TR
2N P AT D, % T 4 R s
AT R 5 M G R . R BRER DL K
PIAR O R A T 8 AR R 4 | R K T
b AMEREZES R, EmiEE R HAARA
WA, e 2% S 241 23S A P A 2L 1 52 i) 2.2
AU R, KR SR A rh R 2 0 1
WR B H B,

TRk B e, KA A R
Ae e, VUBRNG RO BN BRSO IE, ik
Xt A 1 T AL AR A T i A o ()
WFFE B B AR i BRAR SE S AR, IR AR 24y
fi . AL AR AENY, H s R AR R
B, HF I it (HLL )l 5 A A AR R el A A1
% B Mg 2R A RN = 9% B R AR 11 R B i B T kL
VB B A, AR H I = g A AR b fa iRk 2] 21
RALRE R BRI (MR AR (LPL)Z KRR, Kt
JIEL I8 3ok = i 5 A 2 i A R 2 S T
KF4aZE HL . LPL WA OCHE K iy 235 1 f
FEEEA PSS B R YUk w0,
MR A I R B R —, a2 ik
UL a b M E N T P NUE S E S TN
JHF I i 30 { B &2 HL . LPL JE R 2655 1Y 52 i i 4t
B, SEF U, TE AT R T K 1 Bk
g . IR IEIEAS . BRI A G R (HL
LPLYRFZMA, DAFR TS AS [R] 48 PRAT 6 56 K 11 e ' 37
b K B AR s, B AR R R R B B R A
PR ESE

1 HRS5HE

1.1 SRIEHR

S FH A R T VLR A 2 T 4 0 A ol B
HARAF . ERLIHT, B —3 . wanik
BN (5.0£0.4) g, KK (5.9£0.5) cm [RfdFRE A 10 2
e RGP T 2 FEMYIEE, fizEd
TE N FETHIREE S . FRE 120 d Jm, K R A KOk
MR, 1R F] 90.07%~92.01%, 2 ¥/d. 3 ¥k/d
4 W/d AR E S50 141.80 g 136.02 g
132.75 g,

12 MIETIRUBIRKFEERS

SEBOAE T L K B A A B IR K L A 5
o v s bl B T AR TR K A PR OK TR R SN
HEAT o IZFRIH FR G N REAE S AR R £ 796 20 I 2K
2, FROE R G KA o3 S A HE K 4 X (5 mx
1.2 mx1.2 m), F£FH X (22 mx5 mx2.5 m)FlIHE5 X
(5 mx3 mx2.5 m), JL/KFE A I 2 3 AR KIS A
BEE, FRIH X B LB SR . L IX 2
JEBTEN 97%, FEESYPTIEE . IR
Pl zs 0038 L T ng A A R R DL RCSR AR (B R — A
MRS X 35 B R K A T A AL B o FR BB K IR YT
K, Fdr Gl BbRiE ) (GB 11607-1989)%4
1.3 ELWFITREFREE

SEYRFEALAT A 3 R IERARA (2 W/d. 3 R/
4 W/d), BB 3 ANEE, WIREEN
20000 R/, SCa ], B H R eTE IR AL
AR R AR (R VTR ek R BBLK P e R BR A 71, LR
H & a=47%, MG &8 =5%). &R 5
[B]43 900 2 Yk/d #H(6:00, 18:00), 3 ¥k/d £H(6:00,
12:00, 18:00)F1 4 Yk/d 41 (6:00, 10:00, 14:00,
18:00), MU BRI, BFXFFLEHIRE) 30 min, $HR
2 h JETF R B HEG R GEIE R AR RIS | IR A
R 0 R BAS T A2 o SEI0 ], 24 h RR2L SR EK
WA, R ZSBUKTELHELAGIN /1Y (Tethys,
P ED MM K FTR AL, B =4.0 mg/L, KN
20~32 ‘C, & A <0.03 mg/L, WAlAR$E<0.02 mg/L,
pH 4 7.5~8.6. SZEGJEIA R 120 d.
14 HAXE

S AEFEFAINES 30 K .60 K .90 KA 120
RRERER, REERIEEE 24 ho RAER, BAEE
BEHLE 20 FEfh, JH MS-222 P R, vk bk
fi i, WO miE . RS HS, WAEGE T
—80 CLRAE, FHF I8 Ak Jl 3 P 000 i AR AH G 35 A1 1)
FikoHr . BAEEAMILEGE 3 BfaffEeMA
R AT, B4R A BENLE 3 B fa JH A A
iz T 10%48 /8 AR [ 24 h, HTU) A HlAE
15 &{ERSMBEENINE

FIHE 7 550 C Bl e iR K 73 & &
(GB/T 5009.4-1985)1°); SR FHYIL G A8 Ak 2 HLaE
M55 (GB/T 0059.5-1985, VLIS A BRZ H] K1100
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TR A5 PR X AG R K IR FE R PRI AL . ZH USSR B QT TR 3R K 1 5 159

4 [ FElE J A0 SRR RAhE (T5009.6-1985,
HEREAL A BR 2N 7] SOXS500 Jiig 157 I 5 430 I <MLK
A BT SR TR T Rk I A A OK 2
SEYS A )R R0 SRR R, 55 30 KL 60 K
90 KA 120 REtit SRR EE F(g). 1
HARXN: D HEEEE=F/[n(t,-1))], Hon hfalE
B, 0. 6 RECRETE (), F o SR (g).

1.6 BFEELEEFENNE

1% 18 UE #3 § (AMS) Fi A 17 i (LPS) 1% 712k H
A A A ) TR 5 P A PR A T I
W I AR YR & Ui 54T . VR R
FH7% e 5 Y (0 o
1.7 BTREFNBAEHLR Y] R FIME

J 38 110 AR FH o B AT ) R A O vk, &
FRIETAE 70% (2 h). 80% (2 h). 90% (2h). 95%
WARECT . T 42 hAJE/KERET . 1451 it
K, ZHZEFEHD . T %1 h), St ok
Yl & TR HLAER, Leica RM2235), Y15 5 um
JERY R, ORI, SRR e, R
TIRR ARG K, —HREH, MR E R,
Y] ] Leica DFC550 0 s WA I A I, )
Ve AR AR EAE D AL, AL, A3l
KL, AP EHLEER, Leica RM2235),

1.8 BFEEHL. LPL EERZEEHNE

}Z M TaKaRa MiniBEST Universal RNA Ex-
traction Kit 350 & 15 B 5 $E UM AE & RNA, i
I UKAS I RNA 15834 . R TaKaRa Prime
Script™ 1% strand cDNA Synthesis Kit 5% i
R &AL cDNA, & F-20 CLRARH. N
Primer Premier 5.0 %1154, ¥4 NCBI #4451
TR RS s S5 2 B S O AH G E R 1 4 K7 81 ik
TR ST 1, IEA 51 38 o on M e AR Rt
HAWRAR AR, PR BKER 150~200 bp
(#F 1),

HL. LPL. 18S RNA Fil f-actin B9k K H
TaKaRa TB Green TM Fast qPCR Mixc Jll &, #E17
RT-PCR JZ ¥, $RJ5 K SYBR Green I ik &%t
AT SE A E i PCR Y N7, 9% %€ i PCR X
NiZER: 95 T30 s; #RIG 40 MMEFR: 95 CS5 s,
58 C10 s, J&ff RN 510 65~95 Co R4

x1 EHEEPCRSY
Tab.1 Gene-specific real-time quantitative PCR primers

FL[H gene 5|#) 31 (5'-3") primer sequence (5'-3')
HL (F) GAGCAGCGTCAACTCAACAA

(R) TCAAACGATACGAGATAGACAACA
LPL (F) GAGGATTCATCTGCTGGGTTAC

(R) CGTCATCTTTGGACAGGGTG
18S RNA (F) GGACACGGAAAGGATTGACAG

(R) CGGAGTCTCGTTCGTTATCGG
p-actin (F) ATCGCCGCACTGGTTGTTGAC

(R) CCTGTTGGCTTTGGGGTTC

WF N RT-PCR A4 14 i 4 A fig i 2. LA
B-actin I 18S RNA HNZ:, XHFI&FEM Ct
(H AT — AL 3R, DL 2 Y/d 41453 B mRNA
IOV g FE v, LA 27 YRR E S R R 4R X
i mRNA PYFHR IR E
19 HiEaE

K HI SPSS 22.0 A T8 R Ge it 40 Hr o Sext
S EE AT FRLR 2R 7 2240 1T (one-way  ANOVA),
#1225 3 (P<0.05), FF#E T LSD Ml Tukey [Gik
Z W I BRI LA AR R (X +SE) R .

2 HR5HH

21 BBEHMRWAOBHERRERS BN

ENGESL S S NI EEY 2E S S U R e
2, R 2 TLIE H, 0 g 255 K 1 SR
TAHLIE 5 R0 K 435 #2 (P<0.05) 2 YR/d #EME 2k
SRR D 0N T 4 id A, WG
BWEET 30/ A 4 %/d H. K FIHLE
P17 H 34 oA 32 B 45 M 1) 5% ) (P>0.05) . AR v
AT E HSEE I 10 4 Wk /4 B4 1 KT HA R
4 (P<0.05), A [FIH MR K B e EH
B REWEW .,
22 HBEHRWAOBEELEFENIIE

F T R, 55 30 KA 60 KA, 43T R X}
R 1T B B i T A G B R T (P>0.05), T 7E
5590 KA1 120 KRB, 2 Wk/d 4188 3% T AR P4
(P<0.05); 5 30 K, 60 KA1 90 KA, MR X}
T3 B 15 it G . 255 0 (P>0.05), TAE 120 KM,
2 W/d AlpERREEEERES T 4 d 4
(P<0.05).,
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F2 BRMEMNAOBSBERREESHFM
Tab.2 Effectsof feeding frequency on boby composition
and feeding of Micropterus salmoides

n=20; X+£SE
i H A ] /d 215 group
. time 2 y/d 3 %/ 4%/d
K51 % 30 72.24+0.74 72.2+0.53  70.53+0.46

moisture 60  69.18+0.63 69.12+0.47 69.35+0.34
90  72.95+0.24 73.04+0.34 72.83+0.62
120 69.98+0.74 70.58+0.15 70.51+0.26

B E /% 30 18.54+0.85 19.1620.64 18.43£0.42
crude protein 60  20.63+0.94 19.97+1.64 20.38+1.35
90  19.46+1.01 18.74+1.61 19.52+0.31
120 19.82+0.56 19.92+1.39 19.75+1.64

HLIE /% 30 5.10£1.06 6.40:0.32  6.02£0.24
crude lipid 60  8.41+0.28" 8.20+0.44° 9.50+0.36"
90 7.50£0.32°  7.01+0.34" 8.02+0.58°
120 6.60+0.67° 8.83+0.52° 9.58+0.78"
RN 1% 30 3.10+0.12  2.90+0.23  3.00+0.09
ash 60 3.30£0.21°  3.10+0.08° 2.60+0.24°
90 4.40+0.33"  4.10+0.24™ 3.50+0.45"
120 3.72+0.12° 3.51+0.23° 2.80+0.39°

HiEEmE/g 30 0.51£0.03  0.51£0.02  0.52+0.03
daily food intake ~ 60 1.12+0.07  1.14+0.07 1.18+0.08

90 1.96£0.07° 1.98+0.06* 1.09+0.08"
120 1.7840.05*  1.93+0.09° 1.00+0.03°

TE: AT EFRARFNG R R R 22 7 35 (P<0.05).
Note: Different superscript small letters in the same column mean
significant difference (P<0.05).

2.3 IIRSAE IS K O B &AL 7 A R R

2% 3 A, BRI RN K 1 R g L2
JEREA B E R, 2 W/d Al IR S E I W
FHA P (P<0.05), MHBEHRERE . HERE
YR 52 B N Z2 1 52 0 (P>0.05) . & 2 A L,

928 &
£0160A O2s/d O3vk/d B 4%/
>
14p o =

g0 n=20; T+SE _aLitLb .
so012f
3 b b
&o.10f b
o0
£ 0.08L
€ 006
=0
52 0.04 |
%am_
ﬂ?’; 0 L L L

30 60 90 120

B} jE]/d time
35-B a

9 4oL O20%0d O3yvd W 4k/d 1
& n=20; ¥=SE ab
;\ 25 b
g 20f
L0
S 15F
2 10
=2
= sp

30 60 90 120

i} i/d time

1T AN TR MR A Xof A 0 PR 6 T IR T T 114 522 W)
FEIE &1 b J5 AS[R/ING FhE 38R 22 57 1 35 (P<0.05).
Fig. 1 Effects of different feeding frequency on liver
digestive enzyme activity of Micropterus salmoides
Different letters on the column indicate
significant difference (P<0.05).

2 /A A B FERE LS e, S EHES A& 55 . T IE
YR 4 Yc/d 4007 LB 8 9 BRI DOAR, 2 Wk/d 4L
FERE 7 . A Zs v A0 BE s, i 4 Yk/d A
A% D B8 7 T 2 WAL B, 40 s v AR B G i
JEL, 200 PN 1 O A AR Sh Al A% m A, K R Al i
WA, A 50 AN 355 A o

F 3 HBRIMENXOESFERSHNZMN
Tab. 3 Effectsof feeding frequency on intestinal tissue morphology of Micropterus salmoides

n=20; x £SE
X 2H 3] groups
TiH item fist[E]/d time
2 ¥/d 3k 4 ¥/d
WUZJE B /um thickness of muscle layer 120 195.58+6.17° 169.89+9.63° 149.55+5.67°
4% 7 ¥ B /um height of villus 120 691.79+15.43 687.72£17.17 682.84+16.17
24 FE B /um width of villus 120 212.87+9.24 199.91+21.37 203.97+7.49

TE: AT BRSO [N - Bl 22 5 .35 (P<0.05).

Notes: Different superscript small letters in the same column mean significant difference (P<0.05).

2.4 BRI KOZERTAER HL #0 LPL B &
X RIEEHR N
R 3 A, KO SEBeTHFIE L A1 LPL R A

(YRR X 23K f 52 B AR OB Y 5200 7826 60 KA
90 K, 2 K/d 4l LPL S H MY RiFE B E ST 4
W/d 4 (P<0.05), MITELE 30 KA 120 KEf, LPL
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S | ‘ ;

B2 [ AR R K TSRBEIFIE (AL, A2, A3)FIIE(BL. B2, B3)ZL4145H 15 i

AL 2 %/d 415 A2: 3 U/d 41 A3: 4 W/d 415 FD: IR, N: 4 C: 4. B1: 2 Y/d 41; B2: 3 ¥/d 415
B3: 4 Yk/d 41; ML: WUZ; SM: B T2, D: #94E; GC: AR4ML.

Fig. 2 Effects of different feeding frequency on liver and intestinal tissue morphology of Micropterus salmoides

Al: 2 times/d; A2: 3 times/d; A3: 4 times/d; FD: fat droplet; N: nucleus; C: cell membrance; B1: 2 times/d; B2: 3 times/d;
B3: 4 times/d; ML: muscularis; SM: submucosa; D: duplicature; GC: goblet cell.

S - S DR F M X 3 3 B e 45 A0 BRAL IR 35 5N
I o [ [ [ e20;7sE (P>0.05). 7E45 60 K. 90 FA 120 KA, 2 Y/d
: sl .

K5z, W M OHL FERFFEBEST 3 U0 M 4 %0d 4
2E4l
b
gé sl i b (P<0.05).
g.;:f 5ol 3 itig
* il |
0 ’_L| . . . 31 HBRMERMNAOBRHFER|RMEN SN
% O S time. 120 S 40125 T P S5 R 22 ] o 85 R
. Yo . SRS AT R T SR A 5 B
9 0 20 Mo nonESE FEHORBIR 2 Yod B 4 Yod TR
% ?% 250 mawid i b W AR S e B, AR D7 B e BE A R R 3
W2 5207 b BT A0, 8 0 3 AT S 5 £ 2 40
RET st b 2y
-Eg“a Lok b ey, HTaRIER ARSI RER S
z L
'§Q&HHI | VIR, BT K
INfTEL/d time D THAMPILH, 1665 Lateolabrax maculatus)™
3 Klﬁjﬁiﬁlﬁfﬁ;lj E}Z;H-HEHLPL A G B8(Trachinotus ovatus)> 5 (HIFFE I8 & BRI RE 14
HL X} 28 35 2 1Y 5
o Ay HL 2 4 T g
FETBIEI 35 )N 5 367702 5 50 (P0.05). SR, PO e BEBIRBRAT R TR, ABT50
Fig. 3 Effects of feeding frequency on expressions of ':F', 2 W\/d\ 3 ?k/d 14 ﬁ\/d ﬁn%gﬂZIEﬂﬁﬁgﬂ(ﬁ/H\
LPL and HL in liver of Micropterus salmoides %%%% ﬁ’ﬁﬁ?ﬁﬁ [33]%] il %@b_ (Megalobrama am-

Different letters on the column indicate

significant difference (P<0.05). blycephala)B ! ’35]M§ 7J( 5:}’ o Fﬁ 4& WLt % }l‘ %} 10} IZ%
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15, T3 R 3R ot A4 1l 43 B4 5% i ] B 5 b 2 A
ANE . KAMZERA R, KOReaRHEA S8
WEATRIC K, VFLZ 9T Kk AR TR 1A & 2 300
BICR B 52 AN i 25 ﬂﬂ%ﬁ)‘i[%]%ﬂﬁﬁﬁ@ﬁ(&lurus
meridionalis)[36]5;%O

ABEIE A FER M BB, N H B s
A S AT R 60 d MR EZEF A,
55 90~120 K 4 /d AR E 2T HALM AL,
4LV E I EAIE 39 ie) TR GEPdLiS TSI DN
1 00 1 B B it RN B o0 1 2 e IR BH S, A
FAE BRI B A ) SL e fa, SEE R A S
B A ORI B IR A E ZE Y R, A
E R RCT A7 o BT BN I R L A
W . A ST R I DU 3 B} (Tetraodontidae) ffi
KBl AR A, AP, R
BB S TR R 2, (HEE (R R,
1 T A R e, R EOE I ROR
P, R, B8 e R R A R R R AR
HAEE R o NSRRI B A KGR A
W, ORISR 2 /d 41, 3 Yod 4. 4 id
AR HHN 1.06%., 0.91%., 0.71%, FERAM
U IR A KR I 85 TR 4 e ™),
B RALME 4 WAL K I 2y, A K2 BP0 o] g
50 BB R TR G, IRERAY, R
A B R R 15 B 5 = 0 e R s 1 A3 6 4,
T2 FEUR B E R FEC, WERERAL, AH T
g .
3.2 IRIMEIS K O E 85078 8 4 B E R 20

111 25 i 38 7 A G 9 M S e T f0 2R A T A g
1, HF e 20 7 35 P RO B R
ABIFGE R IR, A5 AT 4 o) R 1 B B O ' Tl R U
Wit T B R, 2 YR/ VL g T NG Y
mT 4 W/d A, BETER R AR, 2 k/d &
W 2 A T B B S AR R (R, 0 R 2 5 2o i
THALEE Y 20 1 45 07 20, (e 8 R R i i, DA
% s £ 1A 1 T 5 AR A i A A v A5 L
REET, KO R k& i ] (Rl B e, 4k
PR e, BARACT- 13 A B 77 BP AR 2 I
AR T I E R . AR TR 1R 18 TE B

T P i 45 MR AT AR (0 3 i T B, SRR R S
54)tt(Oplegnathus fasciatus YWHIVFEGHS) (Se-
bastes schlegeli) B 5 & 3 W7 18 JE #9314 5 4%
MR AR B L — B 1A [R5 R0 % 1L Je & I
1 (Oreochromis niloticus xO. aureus)“*F1 K % o
(Larimichthys crocea)* (R ¥E M3 W16 LG i M 5%
m, FARZESFARRSOAEENE. FEAEER
A X

33 WMEHEXNAKOBGIFRHMGEREERE
A

JH I i T8 3 53] Sy £ AR R0 T Ak W80 5
Yy B A, TRl R T AR AR AR
A, HIEALY R85 R EoR, B 2 Rkid
HAMNLZEE B EET 4 W/d A, Mg EKEM
WERSTEARWZESR . WiE L2 R B8
Wedatie )y, WUZ RIS 4 e Jiok, AR T
WAL TR R 4 ud BB K TR
fiy fizy 3 R I e O T A, T EL s R M JE A 2
SEREE, WUZIEREARHE, i s BHE R ST AR
Imsland 2175416 2 B8 (Cyclopterus lumpus L)Y
W5 2, BRI 7 d Wi I8 21205 0 B g SR
4d. BRI 3 dRPAL™E, 1R I Y R R A
] A A

TEABEFE, 2 0/d 4 3 0/d 480 4 0/d 4
4 R 10 SR T 347 1 SRR D . A A% A T
R BIR o FEAR AR = 1Y 4 /d AR A8 T
2 WAL AR A R B A T 5 2 d 4L 3 d
HAH L, 4 YR/ 2020 53 B == 04k . Rg D HE AR
0, MBI, AR e . X5
Huang %800 5 5 2 4 f AOBIF 5% % PRI 785 0 15 i
I 2% 2 B fn A HFINE A9 B4 — 3. Shearer %
X 8% R S £ (Oncorhynchus  tshawytscha) [ bl
FEER R, WA BRRBCRE S, T2 aYht
AR IR T A T N AR, DT 5 | A A i
A5 DL R 38 0 25 HR R D XU o X 4 Sk 6
(Sparus aurata)IBIFFE B A FRIGZE R, FlE 10
WROR A S, A M S WA R R R, T RR A
KB AT 5 () f e ST IE P A i B W, 51
ey i) s ORI AR
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34 WRSAEIFAKOESRFAE R HLF0 LPL ERH
REFEERNZM

JH- B B (HLL) 1 B 25 11 B i 1 (LPL) 2 A i £
WA 6 A W Rh GBI, HL 1 LPL BT PR 10 [AE 5
S KRR L RN RR 05 F A OGP Rl LPL
FEE KT AR, P I 4 2R Jo R 4 i 45 1) 22
AR AR 5 R B RE TR FED . A
FEH, TESE 60~90 K, 2 WR/d 4K I B G AT
LPL P F R ST 3 k/d 4Uf 4 /4, Bl 4
RAEME 2 KA K T e, K% T LPL 43 iiG1E -
T&, KA H = E PR e . 2R K.
| MRS R WSS LPL mRNA 1
FR s e SR LPL 15,
AmayaAlbalat 2V ST 6 75 25 £ ML 5 LPL
AR AL, AT S AR B T L BT 5 45
o MAESS 120 KuF, Bemp s it LPL JEH
FRE TR E W, BB R R LPL 3
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Effects of feeding frequency on digestive enzymes, histomor phology,
and gene expression of lipid metabolic enzymes of largemouth bass
(Micropterus salmoides) reared in in-pond raceway culture systems

XIE Suming', XU Gangchun'?, WANG Yuyu?, NIE Zhijuan®, SUN Yi% LI Quanjie

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural
Affairs; Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: A 120-day growth trial was conducted to evaluate the effects of different feeding frequencies on intesti-
nal and liver tissues, and the expression of HL and LPL mRNA in largemouth bass (Micropterus salmoides) reared
in in-pond raceway culture systems (IPRS). Largemouth bass is with an initial average body weight of (5.0+0.4) g
were randomly divided into three groups (fed two, three, and four times day). The results showed that fish fed
twice a day had significantly higher ash rate (P<0.05), but the crude protein was not significantly different (P>
0.05). The crude lipid content in fish fed twice a day was significantly higher than that in the other groups (P<
0.05), while the moisture content did not significantly differ among the three groups (P>0.05). The feeding fre-
quency had a significant effect on intestinal amylase and lipase activity (P<0.05). Fish fed twice a day had higher
intestinal amylase and lipase activity than those fed four times/d on days 90 and 120 (P<0.05). The intestinal tis-
sue of fish fed four times/d appeared to have a thinner muscular layer while the villi integrity decreased. Fish fed
two times/d had a thicker muscle layer than those fed four times/d. From liver histological observations, more se-
vere liver fat accumulation leads to more serious liver damage with increasing feeding frequency. Fish fed four
times/d had much higher occurrence rates of the hepatocyte vacuolization and nuclei shifting to the cellular pe-
riphery than fish fed at other frequencies. Feed frequency had a significant effect on HL and LPL mRNA expres-
sion in M. salmoides. Fish fed two times/d exhibited higher LPL mRNA expression on days 60 and 90 (P<0.05),
while no significant difference was found on day 120. Fish fed two times/d exhibited higher HL mRNA expression
than those fed three times/d and four times/d at a fixed feeding rate (P<0.05). Based on growth, intestinal and liver
tissues, and HL and LPL expression levels, the optimal feeding frequency of M. salmoides reared in IPRS is twice
a day. These data are necessary for optimizing the culture conditions and feeding management strategy in IPRS
culture operations.

Key words: Micropterus salmoides; feeding frequency; in-pond raceway culture systems (IPRS); intestinal diges-
tion; gene expression levels
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