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A6 121 0 7 e e Y R R K Tt 22 B
KSR (BRI S0 o G RAR L) 5 720
FRART0%, 388 3oL VR 0N K T e 2 LD R, AT A
EHEN, T ATF RSO IR R R R 14
K S R K Bk — . R
R 1 B 5 7 5 20 1 84 943 .2 5 I L6 K- %5
20234F 11188.8 771 o 55 G 80 £ 11 Ak 4 A R e 5
SR 1 IS ORI S BV R R R
AR A R S W B 5T AR Tk [ R
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i, SRR FE R AR R R R AR S
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1.1 MRS RIEERR

ARSI BT FH AR OK 11 B 0 1 9 1B 44 B A T BE
WrELERINAS . TR SLIG K BT A SRS i N g
A K 2 7K = s b 5 T 5% B A R AR, IR GE A
1.15 m, E.1£1.60 m, 7KA7#% # #£0.90 m, 775 /7 3%
RERK TR 1E 7 77 B )R = ARkl sl A B
N ESEAE R A R, Z AR A E IR R RS
502%FH & A . 12.1%M 08 M7« 14.6%H 2 53 1
8.3%VEM o BERILME2IK, 437l 7E8:00F118:0012 1T,
BRI B DLk ) f R WU R bR A, B 55 3
R7de AT LR BT T 15 A A E S B
IR RFE, FIR1E T A ROl o 22 1 1 =t v
(HZAUFI-2023-0023).
1.2 ELWFE

TE 77 45 R 5 4 450 R 4R 7K 5 (80+2.43) g
(K 1 2R B AT 7 3N SR 4, B3N A,

ANEERESOEHEAR. BEHACSHREERNM
1, BB L I AR E 1R15%; IR B 41(MFR)
PR B 5 N 4H.(SF) I 70%, = BR £ 41 (HFR)
P B 2H 1 30% 1A kL &, $E MR S A0 FF428d. 1E
FEAEIAA], R A pH 43 7 AR FF £ 4.80—6.40 mg/L
F17.60—8.00, 7K I % il 7E (28.00+£2.00)°C, % H&
14h)E HE /10 SR WG I PR 1 AR L R % . B R W88
SI G £ P FE PR 0, LT IR A IR A S SR, I
Z11/5/)7K
1.3 EEUBSEKMENE

TSI BA T, 45 09 LA B L EORE 3 J, W AN TR
FEAS B 70 2215 O, A8 A e AR = RO AR KA 4 KK
oA E, FFE. WIFE. BE. SEMTRE,
CEEVEAIE R AR . AR IR DR FE T SR K
K, PPAERLR R

15 58 A K (%/d)=100x(In(2 A A% 5 - In(H] 14
NN LS

s R 280 (Yo ) =(E4 R Ak B AT s A 2R )4 B 1
100

I 2 (/e Y=(# B /445 K )< 100

A Fi =T /44 )< 100

EAAHE £=( P T 2/4R )< 100

R FE Hl=( BT =/ ) x 100
14 EFESNE

TE28dFRHE S 45 W, R BEMLRAE 102 £,
4 FAMS222 %k %, KA1 EBIVLIAL, AT WL 9 43
o BHLAREAN105°C I THRAE RS T-1815 h,
WE LA K & & . 8L &5/ QA viv)iE Dl
ENAF R & . NIAFES PR EEARSZ
AR R Y AL 5 R LI e BRI E . R R
H 5173 14X (Hitachi L-8900, H 4%)ill 2 %% 4. 1. 75 %
WL S BE R A R % 2 =, SR AR i A5l e &40,
N R INAY N S
1.5 RERYIENE

MRYE CEETE R KRR 6 7 v SR 8E e A
HLIFEAR) (GB/T 5750.8-2023)4H 5% B3R il 5 K [
PRSP b B S N2 F R R RS i
1.6 AL 2T (TPA)

TE28dFRH S IR 45 R, TN AL EERE AL EURE 6 2
o, FRIE 5 L 30 VLR REAS . B LA FEA D)
1.0 cmx1.0 cmx0.5 ecmFI/hE . 2h Ay F| FH J5i 44
ASCRS 0 UL A ) Jo R A 3 FE P 6/RAE S I 5 LAY
TEPE . ZhPE. NHUEME. B, SRMEAEER B
MRS A TR HTE 2.0 mmy/s, TRGE 2.0 mm/s,
W2 5 3% 1.0 mm/s, JE 46 #5220 mm, 5 BF i) (]
2 mm/s, IEGEFEE75%. TEIF L2 IK .
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FE28dF7FH S B0 45 e, HU& 4 8 7 LA R
K FHLRY . SHEG A, LA H 33 4
RGHATH 4, ImageViewerGUW K% . L
Image-Pro Plus 6.0 - i #1176 HX 3> AL [7] LG 5] ik
KIMEWRAF 4 EAZ . AR .
1.8 BlABLABENE

1E28dFRJH S 00 4 R, B 4 1 WL R
A, LL2.5%I [ IR 5 , ) 4 8 ) v T
BT R EE, % RS IRk
1.9 RNAIZEL. cDNAERFIEEPCR (qPCR)

1E28dF- TSI A5 R, A b FRZH 6 2 UL
WATATIEREA, $2HUSRNA, PART-qPCR AT ILET4E
ARFIRRARIAR I BRI 54 5% . I TRIzZol (Cwbio,
o EDFEEL0.1 g ik 40 2L () L RNA.  H NanoDrop
2000 (Thermo Scientific, 3¢ )7 HTRNA IR B F 5T
B o AR A8 FI HiScript” 1 75 B4 MRNA S
HicDNA (Vazyme Biotech, #1[H), J:7£20 uLx W
FMA10 uL AceQ” qPCR SYBR Green Master Mix
0.5 pL&FEE 51T E EPCRY IG. 41 Vg%
4:96°C 3 min, 96°C 30s. 56°C 60s. 72°C 90s. 35/
FEIR, 72°C 10min. ABFFAEFH M GIP0VE K 1. fH
HB-actin{E NS0 R s it AT A — A A3, JFi8
2 T A B R A A
1.10 HIESh

K FHSPSS (21.0hR)3E4T Gt vt 43 A1 40 [d] 22 S
Pods . 76 A Bm m B E A E b, s W E
Student’s #4656 77 7% 1 &% 22 AN IR 20 18] 11 2 2
Z= 540 M, WK H 36 T Turkey A 56 1) 75 2 40 BT

F 1 KAEEPCRIIYIFTI

Tab. 1 Primers used in quantitative PCR detecting system

F# K Gene 5|¥)Primer (5—3")
o TCTCCACACGTCTTCCACTC
TAGTTGTCCCCTCCCTCGTA
mstn AGACGGGAACAGGCACAT
GCAGCCACACAGTCAACAC
myod CCTGCCGCTGATGATTTCTAT
AGTCGTCCGGCTTCAGTA
igf1 CTTCAAGAGTGCGATGTGC
GCCATAGCCTGTTGGTTTACTG
myf6 GGCCAGTCATGAGTACCACT
TCACAATGGATGACAGACGC
cptl CCTGGTGGGTTTATGGTAGTG
CGACAACAGGCACTTTAGGA
acc? AGTCTCTGGGCACGACCTAT
CAGCTCTGTGAAGGTGAGCA
ppar o CCACCGCAATGGTCGATATG
TGCTGTTGATGGACTGGGAAA
ppary CCTGTGAGGGCTGTAAGGGTTT
TTGTTGCGGGACTTCTTGTGA
scd TATCTTTGAATGGGCTCGTG
GGGGTTGATGTTCTTGTCGT
S-actin GCTATGTGGCTCTTGACTTCGA
CCGTCAGGCAGCTCATAGCT

(ANOVA) 5%, *P<0.05; **P<0.01.

2 %R
21 AEFIEBKEEZRMAOELSEK, @ARF B
MESESH

FE S8 J A M 41 (SF) 0 B PR & 41 (MFR)
AR B BR A 2H (HFR) I FE A BEAT RR EE, VP4 1A )
IR AR ERN ., WK 2FT7R, HE R ER
Wb, H HIZHTFEK(P<0.05). SMFRALAILL, SF4L
SBRIRE, KR, IETILEE £ R, HFRA
3 BRI, FLrh s E AR K FE11890.86% (P<0.05).
EMFRALM L, SELHATHFR L A4 BE R 29 5l 55 2%
P 132.99%1182.23%; % 5% H 43 il i 3 4 11%.6.97%
H137.23% (P<0.05). 5MFRZLAH L, SFALIEARTE %k
FFAA R 500 A1) I 3 T 15142.67%F122.63%, HFRZH
5 PR (P<0.05). 5 MFRALA LL, SFZHLFTHFRZH
() AR £ 3 0l 5 35 T =1 180%F1120% . 5 MFRZH
AHEE, SR KA 4K TG B 3 22 57, HFRAH W 2 [%
K (P<0.05), iR &b SR, 1 & $5 M 20 1wl K| FE ol
B, R a e g R R, fR e AR K, PR
HAERKSZIA.
22 AEHHBAETKORBGERARAEFTRES

SR RIS M

B I R VP LA S R OB FR bR . FHER 3
£2 FRBMATTFAORHEK, ARFIRIRSESH
Tab. 2 Growth, feed utilization, and morphological parameters of
Micropterus salmoides under different feeding levels

n PR A2 , PR e
151 H Item MFR & 4 SF HFR

B H Gastric 242+0.18"  2.86+0.40° 1.33+0.78"
weight (g)

WhE A E 81.38+0.75  80.88+0.93 80.33+0.74

Initial weight (g)

AARNKE 132.80+£0.65" 130.23+1.33° 84.21£2.43"
Final weight (g)

B A KR 1.75£0.04>  1.70+0.02°  0.16+0.09"
SGR (%/d)

%% 3% T Carcass 120.9142.18° 112.48+1.62° 75.90+£2.90"
weight (g)

B Entake (g)  26.13£0.01°  37.33+0.01° 11.20+0.01°
TR R Feed 196.82+0.04° 132.19+0.02° 34.72+0.19°
efficiency (%)

JESEIECE (g/em’)  2.7040.10°  2.60£0.20° 2.54+0.11°
kR FE £ VST 9.96+0.11"  14.21+0.30°  8.48+1.28"
JFF A 36 HST 2.43+0.09°  2.98+0.06° 1.37+0.09"
AR FEHSBI 0.05£0.01°  0.14£0.01° 0.11+0.01"
4=K-Total 19.57+0.28°  19.02+£0.26" 17.58+0.79"
length (cm)

#K:Body 17.03£0.20°  17.13£0.19° 14.93+0.15"
length (cm)

v AT AN A - RO B B2 22 7 (P<0.05); NI
Note: Different letters indicate significant differences in the
same row (P<0.05); the same applies below
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Fran, B BB T B, DL K 3 &8
BT 15 (P<0.05), FHIR D7 75 & 1% 0T 15 K(P<0.05),
rRSFAR A & B MER 408 1158.09% . 5MFR
HAH b, SFAHATHFRZ FFL 25 A1 1 & &= B 3 TR AIK,
Horh SFAH B A% 3.77%, HFRZH [411£9.63% (P<0.05).
5 MFRZAH H, SEZL FTHFRZ LK K 7y 5 5 B&
K, BEEEEER.

K T2 85 S50 UL A 1 S I A 0 &5 2R RO
SRS 31 R IR, CLFE 1 SFR A AR T ER(SFA)-
Ol L AN TRLR A 17 R (MIUF A 10750 22 AN 1 i iy
FR(PUFA). 4Mn-38 Z A MFIAERIIR . 4Fn-611 2
BRI . 3R 4F7R, 5SMFRAAH L, SFA
WL LD i I R« B ASL FN IR R« n-678 22 ANy
HI1JIE 5 B2 S 2 P& AIK (P<0.05), n-3%Y £ AN A1 Jii iy
2. EPA+DHA. n-3/n-6F12% AN FI R 5 IR 5. 2% T
1=1(P<0.05); HFRZHn-6 8 Z A ARG . 2 A
FIHE 7 R S 2 T, n-3/n-6.50 3 BRI

KR VLY R4 tH 16FP & R R, BL4E
TR T E SRR A TR AR T R, 2R L R A
FFR(F 5). SMFRALM L, SFANL AR R R &
T A K21.40%, HFRZ FH15115.45%; SFZHML
BRI, FOFEER. L FEER. BESRE
TR TR LR AN EI R BRI PR, HFR
5 T (P<0.05). SFAIHFRALL TR 5k
TR IERR 1 T 4y EL(TEAA/TNEAA) = T-MFR4,

#*3 FREIRMKETAOBFANAEREFTRKS

Tab. 3 Muscle common nutrient composition of Micropterus

salmoides muscle at different feeding levels (g/100 g)

mstion e sy AR
7K 43> Moisture 78.25+0.01° 77.52+0.01° 78.51+0.01°
FH G Wi Crude fat 4.7040.01°  7.43+0.09° 3.6£0.06"
FL &5 FCrude protein  19.63+0.42°  18.89+0.09°  17.74+0.02°
F17K 53 Crude ash 0.06£0.01  0.05£0.01  0.05+0.01

SFZH 0 75 @ BE TR o A TR 1) 1 43 LL(TEAA/TAA)
T TMFRALAIHFRZH, SFZH AR T & IR 5 B 5
FRIYI 4 LL(TNEAA/TAA)K TMFRZLATHFR 41, SF
HEFR A SLTR 5 S J IR B 77 LL(FAA/TAA)IK
FMFRALATHFRAL, SFZH T R AN G R Z L 1R o B &
EEB I H 4> L (BAA/TAA) Y 5 T MFRZLFIHFR 4,
EIER 2R 34K O BT ER LA REA S K
A R R A R R
23 FEIFEMRKFENA O E L5 SRR BRI
JR R VP LA 1R ) S B AR A, ASHIE 7T
%5 TERIEKTETAORESH A EEREMLE

Tab. 5 Muscle amino acid composition of Micropterus salmoides
at different feeding levels (g/100 g)

x4 PREFBRKETROEZSANAMERERARELE
Tab. 4 Muscle fatty acid compositio of Micropterus salmoides
muscle at different feeding levels (g/100 g)

s  TEREA .y R
N Witk Fatty acid MER T £ 21 SF HER

WRIEITEEYSFA  0.35+0.01°  0.30+0.01°  0.35+0.01°

ARIEEIR  0.33£0.01°  0.30£0.01°  0.34£0.01°

YMUFA

Z AN AR R 0.43£0.01°  0.44£0.00"°  0.461+0.00"

YPUFA

EPA+DHA 0.15£0.01°  0.18£0.01°  0.15+0.01°

n3MERWANE 016001 0.19£0.01°  0.17£0.01°

iRy n-3

-6 L A A 0.26£0.01°  0.24+0.01°  0.29+0.01°

iRy n-6

>n-3/Yn-6 0.63£0.01°  0.80+0.01°  0.59+0.01°

I Amino acid EPT%KE[‘{%?J:[ &4 SF %—%ﬁgféﬂ
KIT&E A ®  0.7320.04°  0.54£0.04"  0.89+0.02°
SRR The " 0.33£0.01°  027+0.01"  0.40+0.02°
2 fRSer ” 0.28+0.01°  0.24+0.14"  0.34+0.02°
BEMGI 1.09£0.03°  0.76+0.05"  1.24+0.01°
HaEmGly " 0.38+0.01"°  0.29+0.01°  0.38+0.01"
Ha Al 0.45+0.01°  0.38+0.02°  0.48+0.02°
siEEValt" 0.01£0.01°  0.01£0.01"  0.02+0.01°
EEHBMet"" 0.49+£0.01°  0.41£0.02"  0.57£0.03°
S gne" " 0.37+0.01°  0.2940.01'  0.42+0.01°
SRR Leu"" 0.60£0.01°  0.48£0.01"  0.67£0.01°
M B Tyr " 0.21£0.01°  0.18£0.01"  0.27+0.01°
FPIEPhe " 0.30£0.01°  0.2440.02°  0.35+0.01°
i R Lys" " 0.69£0.04°  0.54+£0.01"  0.81£0.01°
415 eHis” 0.18£0.01°  0.15£0.01"  0.2240.01°
KE A" 0.41+0.01°  0.35£0.01'  0.49+0.01°
i & i Pro” " 0.21£0.01°  0.18£0.01"  0.23£0.01°
MEIEBRTAA 6.73+0.08"  5.29+0.02°  7.77£0.10°
DFHEIEBTEAA  3.3940.04°  2.7240.06°  3.9540.05°
?HJIAETA%&%@? 0.59+0.02°  0.50£0.01°  0.70£0.01°
JE0 7 B TR 33540.08°  2.57+0.05°  3.82+0.07°
TNEAA

B R ERFAA 2.64+0.07°  1.96£0.06'  2.98+0.03°
ERAHIBAA 2.58+0.03°  2.11£0.07°  3.00£0.04°
AR EILEISAA 1.5120.05°  1.224£0.02°  1.78+0.05°
TEAA/TNEAA 83.64+2.64  86.93+3.40  84.93+1.48
TEAA/TAA 41.54+0.76  42.0840.76  41.75+0.36
TNEAA/TAA 49.70£0.65  48.49+1.01  49.18+0.43
FAA/TAA 39.2240.67  37.12+1.16  38.38+0.34
BAA/TAA 38.32+0.17  39.85+1.31  38.66+0.40
SAA/TAA 22.45£0.80  23.03+0.47  22.96+0.34

o AN e e B, N = C N0 Dy, —
s AT R P4 T R R T IR R
E _ F —
N R Y AU R
A . . . B . . . .
Note: “essential amino acid; semi-essential amino acid,;
C . . . D . . E . .
non-essential amino acid; fresh amino acid; sweet amino acids;
F, . . .
bitter amino acids
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PEA T AN [RIFE MR 7K P 0 K 11 2 i PR J ) 5 12 7
Womi . 3 6FT~, 5MFRZLA EL, SF4LL A i
FE. REME. . RIEMAEER R ET S
(P<0.05), H:rhig B T 531.29%; HFRAFR R 1 &
T m Ak, HR R bR 53 PR K (P<0.05). SFAL AN
HFRZH 5 1 BEMFR 2H 3 25 BRI
24 FNEIFMRAFEEZNA O RESE AL AR L4
ERKEXEEER

PEAG AN [ 45 MR 7S 6 K 11 B8 i 8 350 UL PR JUL 4
YA K AH G RE R s ) 52 (] 1), 5 MFRZAH
tt, SFAHATHFR A ML 2 A KAR 3 K myog 2. 3 T
W1.35812.866% (K 1a), SFZH myf6is. 2 '~ 1 3.44145%
(Kl 1b; P<0.05); 5MFRZLFH L, SFZHILER 4 A= K40
il 3 Rl msen 235 1 iH2.584% (B 1c; P<0.05), HFRH
Te 55 5 AR Ak AN R 20 3 LT 4 A= A 18 4 5k (R igr 1 AN
A KA 3 5 Rl myod 7 55 T0 18 35 1 22 7 (] 1dF Le).
25 FEERAKFEEZIAOEL S AR RS
WM EEH

AN TR B MR P K 1 B M 5 5 UL D) 4 R T
WK 2affi7n. SMFRZLM LG, HFRALVLA 4T 4% S
10, £F 4E TR PR 45 /N, LAT 445 Ky BR, v d bk
SFALNIL A £F 4 2% FE BRAR, £F 4k [ BEAS T f oK, K=
JULTRAE 7 & R 8 = 0 A LAT 4E R AE, SFZLAH L

% 6 FEHEMEKT T A D BasHL P A
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Fig. 1 Gene expression of muscle growth in Micropterus salmoides at different feeding levels
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Fig. 2 Muscle morphology and microstructure of Micropterus salmoides under different feeding levels
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DIFFERENT FEEDING PATTERNS ON GROWTH AND MUSCLE QUALITY IN
MICROPTERUS SALMOIDES

WENG Ze-Kun', ZENG Qi', ZHANG Ling-Kang', SUN Yue-Jia’, YANG Jun’, LI Li-Juan',
GU Ze-Mao"’ and YUAN Jun-Fa"’

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Yichang Fisheries Technology Promotion
Station, Yichang 443008, China; 3. National Aquatic Animal Diseases Para-reference Laboratory (HZAU), Wuhan 430070, China)

Abstract: With the expansion of aquaculture production and transformations in farming models and structures, it has
become an important issue for balancing the output and quality of aquatic products, and promoting resource efficiency
and cost-effectiveness in aquaculture. To investigate the effects of different feeding patterns on growth performance
and muscle quality in Micropterus salmoides, three feeding strategies were implemented: satiation feeding (SF), mode-
rate feed restriction (70%, MFR), and high feed restriction (30%, HFR). After 28d of satiation feeding, compared to the
MEFR group, the SF group showed a 32.99% decrease in feed utilization (P<0.05), a 22.63% and 180% increase in liver
body index and spleen body index, respectively (P<0.05). Additionally, a 6.97% decrease in empty shell weight
(P<0.05), a decrease in muscle moisture content, a 58.09% increase in crude fat content, a 3.77% decrease in crude
protein content (P<0.05), a 21.40% decrease in total amino acid content (P<0.05), and a 31.29% increase in muscle
hardness (P<0.05). The myofiber interstitials increased, the bright and dark bands of muscle fibers became less distinct,
and substantial interstitial fat accumulated. The muscle growth-promoting genes myog and myf6 were significantly
down-regulated (P<0.05), the growth-inhibiting gene mstn was significantly up-regulated (P<0.05), and the genes
related to liver and muscle fat synthesis were significantly up-regulated (P<0.05). Compared with the the MFR group,
the specific growth rate of the HFR group was significantly reduced by 90.86% (P<0.05) and an 82.23% decrease in
feed utilization rate (P<0.05). The muscle crude protein content reduced by 9.63%, while the total amino acid content
increased by 15.45% (P<0.05). The myog gene was significantly down-regulated (P<0.05), and muscle fibers showed
varying degrees of damage. In conclusion, moderate food restriction can enhance the muscle quality of M. salmoides,
improve feed utilization, reduce feed consumption, promote group health, reduce farming costs, and provide a new
breeding mode for enhancing efficiency and conserving feed resources.
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