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W G ARSI, KB E IR
TR I A B B IR TR P 7 2R T a1 R,
XL R HES T KBS RBHE R D, DK
PRI A TE B . INBIRASH T B 220 DTk

K7 TG S AL T B HESh ) (R 52 sh Al
RSN M HESI Y (1025 . PIREZEFICTTE),
Horp 2R AE K Sh ) 3% 58 B A 5 T A R
fiio 2020 4%, 02535 BTER 1 5K Sh i 3R
FEEEY 65.74% FIP=(EAY 55.15%, KIS (Micro-
pterus salmoides) J& & )F H (Perciformes). K [Hff
#} (Centrarchidae) . &8 (Micropterus), Jir=T
e SEU ARGk, 20 22 80 AEARE BT AT
HEATFRAE, HETC A A N B IR K A
PRGN, 2020 AFHH FLR D R 5575
FEECN 6241 J7 t, JRIRK R G ARG R R
200, WOKMEFH R 156, ERE, K
R B iRk R B R SR P 5 1 AL, IROK
RS ' 7" KB A (Larimichthys
crocea) J& Wi H (Perciformes). 41 14 faF} (Sciaen-
idac). EHJE (Larimichthys), N43A6 T P40 K
T DI I TR PR ST T R 2 . FRIE 1985 AR
WK 0 4 N TSR, 1994 4F )45 A
FRAA 2020 AF K B AR IR A K 25.41 0 t,
ot S RN A SR R A S A (W
3%, JE IR K B SR G S 1AL (b L
17%)" s FE 3R I R 101 B8 6 1R £ 5 5 7 b kg
AR, AR — Bt N BC A DR XE DA TE 3R R A
PR, AR A pK i £ PR CR B SR AH 1T
AT i 5 W K B ), [ EC G TR E R 11 R
FIR B £ 3258 AR 7 vh o A 3T D R O 43 Ay
L, X T 58 350K 7 sh )8 I AR R 58 7 i B A
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R, SRS DAK I R A R B fa il &
PRI 58 R0 S A 491 53 B 2 0 A7 AR Y [R] R
R BT AATE Y ) A e 2 I

1 @BRE TR e A N A

1953 4F3E [ 28 B S 3R (USFWS)
JIT i VG 3 £ 2 7 A S == el R e 4l Ak A B (semi-
purified diet) #F57 KBERBRIG 1 (Oncorhynchus tsha-
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2 determining bioavailability of nutrients in
feed ingredients
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1 determining mechanism and process of
absorption and metabolism of nutrients
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2 identifying antinutritional factors and
toxins in feed ingredients
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1 determining interaction and
modulation network between nutrients
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2 identifying growth-promoting factors in
feed ingredients and their roles
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1 determining nutrient requirements for
the farmed aquatic animals
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2 selection of feed ingredients (protein
ingredients) for diet formulation
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-
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3 designing diet formula

.
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3 the technology for formulated feed production
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4 A DS - FRTE 205 A0 i R AR A 2 38 PPN
4 the application of formulated feed: assessing economic and
becological enefits
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Fig. 1 Contents of aquatic animal nutrition and feed research and diagram of production and application of

formulated feed in commercial farming

1. contents of nutrition research, 2. contents of feed research, 3. design and production of formulated feed, 4. application of formulated feed in commer-

cial farming.
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2 K REE A BT 7T LA K S & 1
RHE TR A 7 o 1 N I A

T T PRy 1 8 3% RN RDBHAIE 9 4R T 20 142 80
AEAQ (£ 1). Anderson ZEP RIERI IR E N 2~6 g
B R 1 P o DR B 1 R SR A 399~408 g/kg, HFE
Bl A P R R 470 o/kg ML P AT 37 g/kg KNG TG
LA TAREI i (R R ARE Ry 122 g) AE KB B P
B 420 g/kg HHL B RN 87 g/kg MR Wi 19 45 K}
P, 22 JE BB SE B e M R AR o 15~28 g 1Y
KPR G L AR 1 A R R 420~436 glkg, 7EFR
B, iR A AR fa A K B R 8 AR K
AR fa, AR — BERF) R 11 B 35 5 A 7 5
ST KB R, BRTIAS R IGE R AR AR N
10 g Y R T 2 5 f 305 )RR 88 1 DR i 7% 293
W1 460~490 F1 115~140 g/kg, X — 45 F 671 LU
AR 220 B B ARAL TR R AR ok, RS
951 T v 3 Aok [ A e A R AR 1 5 R g
TR e AR R AE 19 A1 21 MI/kg B 7K F F LB
AR SU/RE B, BEARESENE N KT PR 1]
R AR &AW, WARESEAKTE L
TEAN TR 7 & AR AR IR R . R T ARG IR R T A
PSS R A AT EEME . Hung 552 R4 x 2
SER BT HE— AN TR IR R 9 g IR 11 R
fi5 g 305 )R B 115 RN BE K CF- L B A e
480~510 g/kg KL 1 F1 120 g/kg KL WY . 78 )5 &2
I, Guo FF HRIEWILRIATE R 21.8 g K1
L ff i 34 AR 5 K SF R 183 g/kg. Li ZFP R A
3 x 2 ST E WA R T hy 18 g IR 1 PR
T AR 1 S ARG D7 7K SF- 435 SRy 450 F1 100 g/kg.
Cai ZEP Hf E R AR B 10,6, 103 1204 g AY K
1 5 3 4R RE B (1 B K P43 31 A 516, 505 Al
470 g/kg. Chen %" B B M UAIATE N 110 g IR
B i 5 A R B P B RN R U K F 43 5 A 500 A
160 g/kgh, FRFHAE - SCER I, MM S
h 480~510 g/kg ML G Rk R 1 PR i A K 4%
MR K fif f s TG A B 25 5 o TC A IRDREE FR A AL P
F14) 3 7 FH 9 B 7K 10 B A b ) PR R
2016 4R E K H RO SR 58 77 1l 34.73 T1 t, 2017
EFRIEFE R 2016 AFEHE N T 31.5%,

ok L B R DR R, B RA R
W G5, RARH BB R 70% DL T AR
FEAR R, R AR DR A B iR 2 40 24F
KK 7= FEFE A A, Hp i F B [ g 2 — 17
K B g Ml AR 0K B S ik 450 g/kg, Tid-
well 25 C7HR T8 1) FH 3 1R 1T 5 4 8R40 K 101 B 6 4]

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

TE IK P24, 2024, 48(4): 049607
x1 AOBESHEARNEARMEHERPBSTRER

Tab.1 Results of some research on dietary protein and lipid requirements of M. salmoides

B FKF/(glkg) Wi KF/(g/kg) LT/ o) FBW/ Ki/eC )/ SRR RISCHR
protein level lipid level energy level g g temperature  time conclusion and references
335,399, 477, 100 1.8~2.1  3.5~6.7 23 25~44  HIUAIATE 791.8~2.1 gf15.0~6.2 gff)fh f;
545, 608, 682 5.0~62 7.8~154 23 14~59 & K95 78399 g/kgHil408
g/kg™
420, 440, 470 87 (420), 59 (440), 122.1 374~436  8~29 177 470 g/kgkLE FRI37 g/kghH AR W7 1DRL A=
37 (470) Kl

390, 420, 450 50, 60, 70 25.1~28.8 43.6~56.3  23~28 30 T 18 B AN W 7K F 43 30l 9420 g/kg A
>60 g/kg*!
340, 380, 420, 134 (340), 128 (380), 122 14.5 18.9~23.6 24 64 & A K420 g/kg P
460, 500, 540  (420), 100 (460), 100 (500),
100 (540)
340, 380, 420, 100-177 15.0, 15.6, 14.5 19.2~22.8 253 64 B I B AN AR BLKF 43 5l 9436 g/kg
460, 500, 540 16.1,16.6, 17.1 161 kl/kg (TEli/K-F-9100~134 g/kg)
310, 340, 370, 90, 115, 140, 19,21 10.1 43.87~87.04 28 88 F i@ B A AR T K F- 23 51 2460~490
400, 430, 460, 165, 190, 215, g/kgf115~140 g/kg ™"
490, 520 240, 265
420, 450, 480, 80, 120 8.7 343~52.4 256 56 I A E A 7K 4301 9480~510
510 g/kg#120 g/kg™
452 33, 82,132, 14.1, 16.0, 21.8 68.6~84.0  27~30 60 AT R W K53 500 9 184 g/kg P
181,233 18.2,20.0, 22.1
400, 450, 500 75, 100 18.4 443~52.5 26 56 IRE 5 RT3 5 9450 g/kg Al
100 g/kg ™
460, 480, 500, 120 10.6 26~36 25~28 56 HIGEATE N10.6. 10351204 gff)th i id
520, 540, 560 103 173~199  25-28 56 FEHKTFHHM516. 505F1470 g/kg™
204 434~525  25~28 84
460, 500, 540 80, 120, 160 16.7~20.4 110 286~313 26.3+2.9 84 WA E N 110 gff) fi i@ & E R IR

K43 531500 g/kgA160 g/kg"!

VE: IBWAIMGIAE, FBW.AKKE, TFH.

Notes: IBW. initial body weight, FBW. final body weight; the same below.

ke Ry, (8 H BT A S 56 e R R P R A AN
k1 380 g/kg, AR T HoE ARNE KSR, BF
£ AL R P /KT AT ) AR AR KRR, ik
XS5 P MELLEAS . 2018 4F 5 28K 11 BB 6]
BHECTT R T KRB (5 2). Ren %0 ifiE
T 538 FRURHER (ST 38 S I AR R
(R A T A R 11 2 i e £ A RN A 160
gikg, HIFZMFoR B, @Ik s y 5 e fm i
A0 3 3P R AR DR R 1 EE PR AR 2 180 glkg
Wu £ Cui Bl W25 R SR Ly 4R
LEVIESR N NITR/ (& i AR X i) a7 & SRS N
1 B ) el £ Ky B B BEAIR 2 160 g/kg. Wang 45
A PR XS PR S AR R AR B TR A
YLLK R Ry | AROFF VR 0 B 1RO R 4 B T Y
TR A WK R 1 2R R A 5 B PR AR 2 80 g/kgo
FEHAMBETE R, K T B R Ry e S
IKZE 410 g/kg (LIS I 3% B 1183 S FA B A )
245 g/kg (DL B TR A AR 200 g/kg (
DIARRF e 4 26 (oM Ry )7L 300 g/kg (LAER
K 5 ) R AR A W R ok B AR )
218 g/kg (LLXS A 5 EOHBIR & 9 o~ fa f B AR
YN 145 g/kg (LIS . kY . TS BEER R

R E K7 2: 2 E /) sponsored by China Society of Fisheries

MR G o A . 400 g/kg (ATEAL #E 52
MM AN 385 g/kg (LAMRKFHE 4 85 11 K
YA 250 g/kg (AR 9 M oy AL
PPV 245 glkg (VA £ BERR B O fR B AR
PN, BN R R, BRI XS AR . K
KEEGH . KEWRAFEN ., MHFREEA . PE
3N 2 AR A B 1 A5 1 D AR ORI o 11 2R
fifs ) o A7 93 P ik [ AIR 3 80~250 g/kg [0 AT 314
He3lT, McLean 2550 4 38 ) FH XS PR 1K 5k 46
A MRA YA 78 2K O RS RDR Y
XS5 AR T A

3 ORI A R R A bR
FBHL A 7o B 03 7

KO E TR MG T 21 HEEw) (3% 3),
Duan %P 1B W) G R T R 0.6 g 14 R B 10 fi ol 1]
BHE FUTURIR 77K 74331k 470 #1105 g/kg. 2002
AE & A B R A RS 38R K 7R ATl AR E SC/T
2012—200257 1 #5E (R H Oy 0.2~10 g, 11~150 g
=151 g YR B RCA T 5T 1 53] =
470 g/kg. =450 g/kg F1=400 g/kg., BlJEAITFZEH
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®2 KOEBHENEMBERFTENBIARE

Tab.2 Results of some research on dietary fish meal replacement for M. salmoides

HAKTP RWIKP

CFM/ MFM/ BEREOWRE

Kik/eC  HHEl/d I N

proggi/lr:%vel lip(i%j/];g\)/el (g/kg) (g/kg) alternative ingredient IBW/g FBW/g temperature  time conclusion and references
380 100 300 0 PBM 3.1 30~45 25.6 84  PBMH[5E 4 B AR GARH
490 100 400 160 PBM5SBMIESY) 105  59~65 26.7 56 kMRS EATREICE 160 g/kg ™
480 120 510 410 ASiM3EE AR 49.5  173~183 27 84 ﬁ%éﬁ% AR AT AR ) o 0y
120%
460 110 350 245 KFE#SBM 44 229~259  27~32 56 %E}?ﬁgMﬂﬁﬁX‘J‘Hﬁﬁlﬂqﬂﬁ%%
o
500 90 300 180 yHTZRARHRFEM 143 62~69 26.7 56 TR A R AR E 180 g/kg™
490 90 400 160 yHEARKSBM 107 57.5~61.5  22.7~30.3 56 kMR R AT E 160 g/kg™
480 90 400 160 SBM 126 64~76 23.4~28.2 56 fAkL R A E TR A 160 g/kg !
500 11 400 80 PBM,CPC,PBM5 24 78~104 25.2~30.3 56 AR R AT PR 80 g/kg ™
CPCIE&YI, PBM,
CPCHISPCIR A
500 90 400 200 CPC 151 55~63 27 56 CPCHI & AN IRAAEL 0B (150% 7
500 120 450 300 HRKMFSHEPIE 662 184~201 27 82 MR/KAR) SHEYIE H RGP B A
FRAY HR Dt e f10B7 (933%
54 13 784 218 PBMSSBMIEEGHY 49  32-35 25~27 56  PPBM5SBMIR A mT &AL IRkl
B 72.2%
46 10 653 145 PBM,SBM,BM& 16.6 51~63 25~27 56 PBM, SBM, BM 5 BFIFHHE &7 0] &
BRIFKR S AT HAGTRL 8 1) 77.8% B
43 12 560 400 FEALFERT 181 37~42 22~30 63 g’g%@ﬁiﬂﬁﬁmﬁﬁ’tﬂﬂd@%ﬂ@
6%
500 110 700 385 CPC 953 212~239 26.3 84 CPCHI & AN HRAAEL 0By (145% B
470 120 350 250 KM#SBM 212 95~100 28 56 R IEESBM AT AN IRARDEL A £ 1
28.6%"
500 100 400 160 SPCHICPC 192 58~64 27.7 56 kMRS EATREIKE 160 g/kg ™!
480 105 500 245 ZEEMHWEH 17.8  53~57 20~26 60 %ﬁfgﬁ ERIE=Yawayi i S kR i
951%
468-471 130 283 0 PBMSSPCIRAHY 152  48.8~56.9  27.8+0.5 70 ;B%;?SPCiEM@EI%ﬁ%’%TEWM

FE: CEMLX MR & i, MEMLEREM &/, PBM.ASAI, SBM.EAI, FEM.HEH, CPCHFR4GHE D, BM.ILBRE K, FH.
Notes: CFM. fish meal content in control diet, MFM. the minimum fish meal content achieved by fish meal replacement, PBM. poultry by-product meal,
SBM. soybean meal, FEM. feather meal, CPC. cotton protein concentrate, BM. blood cell meal, the same below.

YRFRAE TR R BESY | BRAERRS dEAE R
TERR™ . MaEm™ . AWM ™, &
T MR R A EE RO g Rk K
LA T RIERTY . AR FH
PR Uo7 S KB A K B, T R R
BRI KR 97~110 g/kg' ™, PN i 51 $ig 38 F
KA 2 )t , A 450 g/kg MLE A Y 1Rk
KA KA S 500 g/kg HLEE M1 A0 1A R fa
TR EER, EERMTEE. 2018 4 &My
A N F N [ [ bR E GB/T 36206—20187 rh
FERE<1.0g, 1.0~<50 g fll 50~<300 g fY K # i
A B (O A N 4 i =450 ghkg. =420
g/kg F1=400 g/kg, £ LRRBMERMR T, &
TS BT iR (5 1 485 g/kg!™ il 470
g/kgPIAAN , 4 R R 5T P00 07 TR i BT
S0 )RR (S Bl 430~450 g/kg, 1R A
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JF R 430~450 g/kg R A FC B BDRE A R B £
RN, MELIHE SRR L As , R AR
7 r— B A3 M K e £ R A TR AR
527 v i 0 (R ol FH AR AR SR L 28 I FE TR, 1)
L5 pK 5 A LAY 48 95 0 Sk kb ok e £ AR
(AR . BiE, Chen 255 R 4 x 3 5280 % 11
FEPIIRRTE S 11.5 g (9K 8 £0 1 38 B iR RHER 1
FE W5 7K SF-43-531 Sy 490~520 g/kg Fl 100 g/kg, %X —
SR BN T AR R O DR R B R
— EHH B AR . Liu S RGERIRIATR A 11.5 ¢
) R B £ FE M B 490~520 g/kg HLAE 1 1Y i 4 1R R
mh, AR SNkt T, H RS R AR
= W AT = = T = 3 W N1 7 D S
T IE YRR R L TR & . 2020—2022 FFEAEH
P AE R S50 2 T A LT 5 B XS0 5 58 i T 2t
TRl FH 5 ) A 5 B R 0 1) VA A 7 S, 2
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RRH, HHHEA & 2R 490~520 g/kg L&
TEPRI R K B AR 2 N SR A BTG . IR E

BN 4 i RS MRC A RDRL SR AR B f0, [ A4
JIrs A TR e 40 Tt

A IIBIFFESE AN 2020 A AR B A SR BH ) 4G

®3 KABEFFTRHNBOARER

Tab.3 Results of some research on dietary nutrient requirements of L. crocea

Ep‘?'c:tjéi%nE l/és/elig) Haﬂﬁ;ﬁii/\(g{kg) IBW/g  FBW/g Xzﬁfﬁ/“ teﬁgjigtﬁre fTl/d time conclufigogejrllldffff\erences

340, 370, 420, 47075, 105, 140 0.6 5.4~75 86~97 19~26 60 j/ikiz_[s% R 7 /K53 30 9470 g/kg 1105

56430 120~130 1.9 9.8~13.2" 96~98 27~30 70 HiEBETRE

440 120 12 11.9~19.6 95~96 26.5~32.5 56 HiEEERT R

436 129 178 48.9~53.6 85~98 20~26 56 WiEYEARCHE RS

430 120 12 8.5~12.1 94~99 27~30 70 HiEERER TR

440 140 7.8 1.9~18.17 79~88 22.5~31.5 70 VMY R AR A AR TR

414, 462, 512 120 13.6  32.2~463"  90~94 26.5~30.5 56 HRBM2KEM T, FREAKF 462
g/kglt, A FITDARLA] R s AR 1)
BHE AR 512 g/kghd ™

430 130 333 73.6~80.5 91~95 19.5~31.5 63 WHEMFT R A BRI

440 20, 50, 80, 110, 140, 180 10 31.4~46.8 89~100  21~31 60 TR WK 104 g/kg™!

460 100 5.6 32.3~3547  72~84 26~32 66 HimEdrTE ER

420 110 8.7 2442717 92~97 26.5~30.5 70 e R AR R

450 30, 60, 90, 120, 150, 180 7.6 22.0~33.2 95~97 27~30 56 BOGRITAIAEE KT 997 g/kgHil18.54
MJ/kg™

430 110 7.7 28~32 82~85 27.4 63 HiEMnfE K

470 90 7.7 25.5~28.1 82~85 27.4~33.2 63 VMR

440 130 189.9  251.5~270.2  84~90 26.5~32.5 82 ITMMRIE R Y

390 50, 80, 110, 120, 130, 1607.1 18.9~25.0 79~91 26.5~31.5 56 BAERE K121 g/kg™

450 110 100 50.3~57.0 86~92 24.3~28.5 70 VA IHERR AR

485 80, 110, 140 7.8 18~22 79~93 22-27 49 BB WK 110 g/kg™

450 130, 180 12 57~63 82~89 25~29 70 VA IHERR AR

430 100 149~152229~252 71~86 26.5~32.5 60 VYR RCHME R

420 180 8.59  39.9~40.8”  83~88 23.4~30.2 70 PR ERERENE

430, 460, 490, 52070, 100, 130 114 35.1~475 73~96"  22.2~27.5 56 %%(;ﬁgi Zglﬁﬁﬂfm@%ﬁ:\%u N490~520 g/kg

i 1) FBWHRSE A4 AL 38 AR THE,  2) FBWARHE) A S FIAR X 1 S04 71 5L, 3) FBWARE A M4 AR & A KA (SGREHE TH5L, 4)
A4 5~ 8 P30 .

Notes: 1) FBW was calculated with IBM and weight gain, 2) FBW was calculated with IBM and relative growth (% weight gain), 3) FBW was calculated
with IBM and specific growth rate (SGR), 4) survival rate was survival during weeks 5 to 8.

2016 45 K # i 7 Ml e A 1 R R 1 2 ik
450 g/kg™ . FEIZERA K M fa DR A T e T — 4k
WFIE (& 4), SREH, DG KE ARk & &
AR 2 303 g/kg (LARE B M Ol B AR )™ 361
ghkg (LRI, R . AEAMREEHIMIES YN
RN 420 g/kg (3L TR, BB EL
X PRy Ry Ry ARH)™ L 283 g/kg (LLEFSEH A f

PIA AR )™, WG LaRZE R, it A
il TR FE RS . K T O RF RIS I Ry 25 A A 5 R D kst
AR R DR R 5 IR 100~283 g/kg ™,
Wang 5" Fl Fan 550" #f 18 F) FH R &2 45 2 1 5l
B Wik ] 58 A B AR K B M DR i fa by, (RLZY
R Wang E™ G RAFET G, BTEIE—F
BUE ., B TS BIRFAES LIS, 4R 2 BOK #E fa dn

*ﬁ%,{.ﬁ%)[%]\ 220 g/kg (uﬁ@é*ﬁj‘j@*ﬁ%’f—%
B9 100 gke (CABEAFH S0 BE L) 468
kg (LB H) o 083 85 (R4 5 300 g/kg (BL7

R E K7 2: 2 E /) sponsored by China Society of Fisheries

LR AR 5T v T 1 S 50 AR 1A B K R
430~450 g/kg™* ¥ BB AKX T Chen 2™ fIr it il
14 K B 3 E DR BT KR (490~520 g/kg). HH
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TR 1 B KF AT R e AR R B AR,
B A7 B fRDRH by B AT 58 4 SR T ZE BT I o
T, Chen S8 il A0 BLAR RHER H BOKF T il
SURAYI NGRS TR EPN § R EE SRR e

IR 2 240 g/kg, T 2210 4 i 38 2ok 35615 S o )
£ ¥ Fl DP-100 fiff v] K fm) R} o 5 B BRI & 245
g/kg, Wang SEMBFIT 45 R0, 38 VR X A ks
AR R R R A 160 g/kg s

F4 KASBENBHERAEOBIARER

Tab.4 Results of some research on dietary fish meal replacement for L. crocea

; W o W B
REKEE RIS cp vEM REHR o gEES KIBEC A 4Rk
g (g (g/kg) (g/kg)  alternative & g survival  temperature time conclusion and references
protein level lipid level . .
ingredient
BT B AR R £ 1
430 110 550 303 MBM 19 13.1~18.7 9498  26.5~32.5 56 ﬂg]g%ﬁ‘ﬂﬁ“ R
SBM, MBM, SBM, MBM, PNM 5RSMi
430 120 488 361 PNMERSM 1.9 10~143 93~97  26.5~29.5 56 S RAERL R I
WA 77.8%
SBM, MBM, o4 )) SBM, MBME{PBM A 43 ) ¥
430 120 600 420, pov 233 61.7~94.8" 9599  27~30 56 ft et o 265
ey ~ Fek B AT B TR} R
430 130 440 283 UF5EH 70.3 l13'6 135 603 1828 63 fg;:[ﬁéﬁ” bR
450 100 400 0 SPC 10.1 35~40" 91~94  26.0~31.5 56 SPCH 54 &AM
. % FAC ] R AL
450 100 400 220 KFSBM 10 29.5~41.3”  85~100 26~31.5 56 %ﬁ;ﬁ%éﬁﬁ““ LR
0y 5 A0 B LR R
450 110 400 100 AR 303 554~63.9  76~80 19~28 63 ?ﬁ?)j [ﬁ BT IR 185 1)
450 100 400 0 WGM 10.5 37.0~44.27  76~94 26~31.5 56 Bk e SR ARTY
. IR 5 4G o HR A 1 (6
480 11 550 468  HARHY 190.6 379~423 90~97  18~27 99 Eﬁ% AR SR
o '\‘EE”’E”} 74N 3
450 100 400 300 PBM 184 46~78" 28.0+0.8 56 gg%g]ﬁg%xj R L Y
TR AREE A= 7
505 100 400 240 SPC 33.6 71.0~843  72~83  19.8~27.1 63 gfgkﬁ%“ﬁm*ﬁ@m
TR KA B
500 95 350 175 FEM 197 60.6~66.7  72~83  19.8-27.1 70 jk*;‘ﬁ% AR T IREL7S
LR AREE ARy S
500 90 400 160 PBM 20.0 60.3~70.7  74~92  22.2~27.6 70 gj;ﬁ; B AL 160

: MBM.E R, CMARFFHI, PNMAEAM, RAMEFFHI, SPC.KEIRAEEH, WGOM.AHIK . 1) FBWARIE WA SR X 1 B 4035 o515

i, 2) FBWHRHE 4 F KR 8 A4 K F (SGR)SHE T 5 15 1 o

Notes: MBM. meat and bone meal, CM. cotton seed meal, PNM. peanut meal, RAM. rapeseed meal, PBM. poultry by-product meal, SPC. soy protein
concentrate, WGM. wheat gluten meal. 1) FBW was calculated with IBM and relative growth (% weight gain), 2) FBW was calculated with IBM and

specific growth rate (SGR).

4 OF @8 IR 70 A7 E
A2

R RN B 65 SR 5 1 I 5 DL S 5
(GESIVASE LD PN S i p L e e bl S o S P
e OoRTEAR K — B I N g W R ARAG , th TR
FUKP A, 52 00 A T GaDREAS RE T 1 £ 28
PR PR A R SR T ME AR SR B A 7 R S . R
FRETRIC B AR A B R F RO MRS, X —
FIATIH A BICE TR ARSI A A2,
FERIAELL T ILAJ5 T -

O EA BB T B ET S HEYL
SN AR Z X A BT . R B IR
FRHIETE b, J2 2R SC 50 0 A AR LR R B
RN IR R R T, (AT e
Kug T HEYERRNGEE, LREHFAER
Bk T REYE R R MR (2w 5 R T fRod it
i), KT IR A LA S RE—
B 5T A [R) — b £ 28 R[] R (A KRR
[Fl) 7238 IR R R R R BE T 07 T A7
TE2E 50, (HHAWH AR ER SEYERR
Pt e R o MAEFFUT P B0 NI A

* WEARRK, 5 H“Wang L, Lei M, Chen Z, et al. Dried porcine soluble augments fish meal replacement with poultry by-product meal in large yel-

low croaker Larimichthys crocea diet[J]. Aquaculture”.
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RO RO T EYE R RS B A
BIRRS A R E AN FAER. 51,
RN R REARKONE, GHFEEWENT
WM RHAERK AN, I, R ERNT
RUGE T HX G ERRZNT LR, MEYEE
M £ 2 A K TG Z IR R b2 — o fEE NN, E
FEE AR S5 N 2R A KSR (G) TRR N

G =Gmax —Ger +€ (1)
K, Gpa WAOAERKERE, HEOT L 5,
R T AR A T e KW G, IR
BEAMEXT K B T, e IBEALAN . G, 7T
EF

Ger = Gmax X E; (2)
Kb, E NGB R#8(E, 0 0~1, E =01f&
WA SR S5 Rt AR RN AE BRI, E, =1 PR B3R
el (AR G ERE N S T D R B2 821 E A R N PR e
BTSRRI KT H AN R A
I E, ATR/RA «

E. =Ef+Ew+Eg (3)

Ko, Eg NIRRT = A OB Ty, E,y, 1A
AFABACTT =L (BT, Er A9 PR PR B 377 2
(IR

K G SR (FI) MIEYREE (FE) 1
KRR FR N FE=G/FI, WA .

FI = G/FE “4)

Krp, FIA G A] DURRE . T, &EA
JRERBE . 24 FLAI G [ 57k 25 (A o fE i,
FE 735l %5 F 8 A B BRCR (NRE) sk e &I AL
R (ERE). 7EHREHEMWE R, FE WM& i
LR

ZEAX (). 2. B) @), Fili:

FI:Gmaxx(l _Erf_Erw_Ers)/FE (5)

MAKX D). ). 3). @ FG)ATLIEH,
AR FeE T HARKIE S, & H & R
HERERKB LA EZHERNRZ—, KN
TERAERKT RIGE T EYERRWF LR, m
Y MR e 2 A K, R R RE
X AER BN EZRRNE, | TAEXEY
() T SR B LA KB RE DL S BB IS 52 ) H A K1)
BAP I S, R, 7EAEE AR5
N7 35 3 1 S 0 £ T 35 G A S A A T ) 5 5
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By, HATSEG A0 RS IR BT SR Rk T R A A
LRGN, SCERA A4 R A REE T T S A e
S AN Ve A KGR I 2 T R YO S £
B LI TR PR EE A5 (INFRFEAK IR R /N L oK
TR IR AR Bt i . KRS X A e A B Y
B HFE T, S 30 st 2 PR A K 32 3 A PR 2R 1 o
T ST R T M, X L AN AR S
I K AR R e KR . B R
2V A7 iR R S 6 A0 SR S U P 85 06 1] % S 6 4
AR B T S P A, DR — BB AR5 A 1A 57
LRGN BIA Z [ K 255, TR R
TE RS0 ) RV AR, R B S A 1)
Rk aloor BB g A . R ST B A A, T
R TP A R0 A £ ) DR (TR R, AR RRRE
- 5 3 B 1 ) S A K R R 1B A G
(1, 3 3). FIWBFIHRGE K R G Rk R T
PGPk e B (R 2), PR S SERERE A
ML TRk KRR K

Q@ EAMERZA T I RAEK2ZER S50
RKFFE IO XA TR A A A7
FEAL S, T SR K R A A M
AR, BRI AN (] A B 45 ) RTAS ) ) A B B
A R £ YA B A Rala Sl VAN s K = sy SO
PR A AR £ 2 A KRR T I — 2 Y TR
e, TEEZRE TR, IR S5 B
£ H BRI R, TR S A A AR i [R)—
HESEA = IR E TR — gy, xS 0 £ F
FR RN (B33 5 2 ) L S o Bk P PR ) R /N4 Ak
(AR A A A AR A PR o 4] 5% 52 56 B ] A i
{512 6 Ao B ) A K 25 S A A 70 6 B A 5 e
] G R 8 ) sl ok R e A B 1 £ A i
By 5 S DA Ak 3L A% 1 2 A S 55 ) s 4 2 Ah 3L ] 1) £
AN K FE AR [ A2 o 39 mAR R B L R
A K (SGR). HAEK Z A (DGC) sl B By A=
KRB (TGC %)) 2R G+ L& B (P<
0.05).  Hi T AS [l b ¥ 7] 52 46 £ AF KO A5 R B 5¢
T2 25 22 5 ) IR IO Ak 3 ) A A2 K 22 5 1
2 A 3 P R ] B A 22 ) 1 AR K T R
[T 8y 11 S s = el [ O R L NG S R 3
S AR AE KRR B RS, R S
0 FE 5 P R 75 B VT R I Ak L ) A AR A K 22 5
MIPEHY . BLAL, FEFRFEA P R, KM G fa 2
FRA AR TR < REE < R, )
AR A KT SR A 7 ) T BRSO B A 3 B

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

)

IK P24, 2024, 48(4): 049607

R o Y 0 2 % B MR R AR = B, /N
AMERA KA S R BER SR AR e, B
I, AR K 22 BT AN 58 4 S B 0 2 5 T
PR MRS 22 . FE M0 2RSSR AVERLF 5 b
] — Ab B A 2 AR A K RO R, Ab
BERAMARA A (X ) 22 5 Hid 10% fEge i
FRASRIN B E S (P>0.05), XEHRHES
VIR 00 25 215 A B A R A KOO0 25 5 1 45
W TEFRF A = (LK 1T B o b 35 % 3 Ry 141
42 1t 3 ) £ AR 3 A 22 10% (3w F
Wy 43 i R L E 1R 2 i ARSI, o =
11W,), JRFE% ¥ 45 000 FE/hm?, AL R
1 100% B, L YE 1 (f 7 5 4 45 0000,/ hm?) #
i3 2 (fa =5 45 000,/ hm?) A[ 44724 500W,/ hm?,
TCURFRGH ™ i & 48 U Ak o AR dnb s Tt 3 2.
@ CA MR BB SRR [ 2R 5E I I
IBERSEm . f02E FR R R 5 o T P Y R
PR FE AR LG R A K L RDBHR R A5CR Fnfa ik 4
B, IXEEFEARAT N T FRAE AR A DL R
F14) SR Rt IO, B A B AR oz A e I % 3R B A
FPEYERERYSE NN o, B K SRR YR, PR
15 Y FVRDRE R VR BE 2 06 77 Ml 2 R A T 240 1 P
Kb, BRI, HA NECZ W5 RN T R R
B IR RS M X IRk . A BRI HE
I ) g U 213844 101020 DTG ] ek 2 P U 5 A X
@*ﬁﬁi*ﬁ‘@ E(J ?ﬁ ﬂrﬁj [13, 39-40, 42-44, 106-1 12]0 Zhang %[106] j-[:/iElé
ERE A | RBEUAS | FRTH 2 (R R A BT
Wi ixX 4 07 PP R FRAE A - e RE R ik,
X — I EAE DB 58 h R U, RS RS
IR 55 ] 4 1 B WK 7= SRR TG S e B . RS AE
S 2E VAR K R (R T RS, AR AE
PBIBERE, X Cui 5™ & &0 TR O R 5
TR R B X SR AR S R GRS IME A
@ CA B 4% T AL R 5 X
VA B IR 75 R BUmDRH BT 5 152 . PP S8 57
TR AR R T E e S IR, SRR (i
WO IR SR EE S, MR, fEARTRSLA
R 5 N, R GRRR O IE BB 65 (Trachi-
notus ovatus) T LK} ) K SENY DL e B AR
(Oreochromis niloticus) % 4¢ e P FURH TH AR
SR, G REERIERIC T AN G, S5
WEFE 235 SR Bt T 2 25 R RS, T AN (e B3l
EFBHE R BRI, B R RIAR 2 kK<
B S0 AL R X RERDI Y f A AR A K TG 2 2
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S, SEE DR b R R g6 A R AR RORHE AR X R
TRk R fER S 9 43 LA A JEORE AT AR K 1Y
R BS540 R, X AR £y B P AR
B 53 LE I AN RE Sz e fm) e ok 5 5, 2RI £
132 O e B, o) BREDRH Ry B R R A 4
FAR &, il ok & A1) AR DR 3 A s 7KK
PRI, R IR P10 s 74 Bl 5 1 19 285 SR AN g e ke
TR B AR BB TE 2 KRR B b B AR IC &5 T R
FNFETE A 7= X by AR . Wang S8 R HY T
RVEAN ks, BB RE I8 T e 0 2R IEH A
1 (R HRAEDRHAR LU ) 1) S5 AP AR s 20 5 5 4
TR R B ARROCR R T SR AR} 8 5 &
P T 800K B 4 4 (Nibea miichthioides)™ """, i,
W A1 BE A (Epinephelus malabaricus)'™ ™, BRI IE &8
fiB 105 O RS (Lateolabrax japonicus)! ', K
TR B B4 R R £ P20 1 ) e by AR T
Naylor S5 SR FHEARGREM k) & B T 1995—
2017 AR FOK R B AR BRI HELD

5 %O fIE IR 7T e 2 o

YEZ A R % A 208 5 AR 78 1 5K
SN R Sk

O TEMES MBS Jy 1w, AR AL TS 5L
B LIS AR SR 2R A K g, B
WA KW e THERTR, WlewE
2 Wl B R E B ) 2R AR K IR B A 2
—, MR E A KA ME— N Rl BN &,
A, EREY AR ERRZMMHETEN,
BB — R R R RS T 2B R R MES,
AN TR) 8 Ak SRR A DB T ) 7 5 A T LR
ANFFEH

@ FEWFSE 5 7 T, WA 35 52 56 v v 3%k FH
Fh ST S O . FRRE NSRS /N A AT i £ Sk SIS
fr s WA TEDRHIF 5T Hh Nkt G (ol P 41k ol 2 4t Ak 1)
REs B0 PEA 55 T R AR R A TR bR iR R R
I A0 F 55 AT SR & SR AR D B FE bR (A% AR B IR
FIRBE RIS M), A, R A 1 25 55 0 s B A
Sk P AL A BRSO A bR, B 1A B (L
B AR A K22 I BIEIE R 5%~10%), 244b
PRI (A A K 25 S5 s el R 1) RIS, R
MMEERKMWZRAES ¥ EARE (P>0.05),
FlE A AR ES . Bh, KEERTZA
FEVRLE R T, KIS 5T RAE AR T
M 4 A SR B 22 75 3R T SROK S VA R B IR
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BEAFISRIE . (DA 56k KO s T 7
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R TCREA R F 500, 00 56 4 0
TSR £ LA SEARFR B A . HUR A5
A K7 R 1 G B G0 26 3%
PEFEH 3 (Liebig /v i e 0 JEL S R 5
Rl B AR B RE AT, @R
FFZ I AR AE PRI, A0 3
PG T S R R 0K . DR
R JEURY R 2 2 5 R 20
MEFH RIS R R RUR 0 5 31
BIPRS00 0. TR
(OISR L7 25 P T KA e AR
HORRHRZ 7 2 T G 2 B0 AT AR
RHEDRY, TR LR

BFGC I (DRUERISE F 045 % 59030 iR
GRS EUE S st ST F I E
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5 o125 1022 5 432 LD e
Es AERHITE LR RA A B I
SRR, He S BRI ) R
o 2 52 D R BB B 5 I
SERRHIBBIE . @ FES I 2 I F 060151 %500
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PIIRTE>10 g 9910 S0 S5k AF L
RPN ST SR B AR
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ARG B LA B0 5 101515000
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RSB 1% RAS | FAKHE . Yo
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I AT 55 0 ik 4y S A R A o R 0 R R oK
sy PADBHIF G o b e Al AR R S 56 T ek 4
i AR B A T R 1 R TR

VENARIE . F2 B AR S50 A AR A K SR I
FE B SR R s R R B RN . S REIS A
01 A A K e PR R A A Ak R (7 3% R R FE A E A%
BIRRMNT R ESEGE KT, K55 R
B R A K B ARG 1 S 58 AR A A A
BLR A TRE . 0 b B A AR AR K 25 53— Ty T K
Pt Ak B[] A K AR SR o b S IR B B KR
(P<0.05), 35— 7 TR AL B ) A= 4 25 5 1 i B
7568 R RE A (R DL (B 5%~10%) . 24 4b
BT A A A K 25 S5 s R 1) RIS, R
RS LIRA R B E K (P>0.05), A
FlE AL BRRIAE R TC 22 5. BeAh, Srek T frst
KIBAHCIINE, ORGSR R . X AR
EPR (ks . RK SR BRI R B R E IR S5
UIREEANE: T PN e 13 KR SN i =i
(L

gE LRk, sKPEFRE LT I H 253K i B
PERFREE R 7, XK =R A RHE H T ok i
R B R B SR L REAE B A 2 R DRI 5
T T 7= A 1 — BB 5T AR X LA 2 7 58 7 b AT
FRoe R RITE, R B4 s = L
etk B R AR I SRR 8 T A M A S BAROK
PRSI A T BRI, IR S T
WSS AR M R m g TE . 55 . BEMAC
A RHE A AT SR, BB N FL A RURHE K
PRSI FRGE A 7 i R ER AT T R S A

(3 7 BA A SUTC 52 B s A2 B Al 25 8 )
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Paradigm shift of fish nutrition and feed: the necessity revealed by
the application of formulated feed in
Micropterus salmoides and Larimichthys crocea farming

WANG Yan "
(Ocean College, Zhejiang University, Zhoushan 316021, China)

Abstract: The research on fish nutrition and feed started in 1950s, and the paradigm in this field was established
based on that of researches targeting human beings and terrestrial animals. In the past seven decades, based on the
paradigm, researches on fish nutrition and feed generated a great amount of valuable data, which promoted the fast
development of technology, production and industry of aqua-feed. Challenges of natural resource depletion and
environmental pollution to aquaculture industry has been growing with the worldwide expansion of aquaculture
scale, and farming practices always raise more and higher demands or standards on aqua-feed. It is widely noted
that the formulated feed designed on basis of the research on nutrition and feed for some carnivorous fish species
cannot be used in commercial fish farming with success. The fact reveals that results of fish nutrition and feed
research conducted following the current paradigm cannot well meet the demand of modern finfish aquaculture. In
this paper, the author reviews results of the researches about nutrient requirement and dietary fish meal replace-
ment for Micropterus salmoides and Larimichthys crocea, two carnivorous fish species with commercial import-
ance in inland finfish aquaculture and marine finfish aquaculture in both the world and China. The application of
formulated feed in commercial farming of M. salmoides and L. crocea is full of twists and turns, and these fishes
had to be fed with raw fish diet for a long period due to the formulated feed did not provide fast growth displayed
by the fish fed with raw fish diet. At present, it is known the poor growth of M. salmoides and L. crocea fed with
the formulated feed was attributed to the obviously underestimated dietary protein levels. Earlier studies reported
that the optimal dietary protein level was 400-440 g/kg for M. salmoides, and 450-470 g/kg for L. crocea. Latter
studies reassessed dietary protein requirements of these fishes, and revealed the optimal protein levels for M. sal-
moides and L. crocea are 480-510 g/kg and 490-520 g/kg, respectively, which are much higher than those reported
in the earlier studies. Growth of M. salmoides and L. crocea fed with the formulated feed containing the optimal
protein content are comparable to that of the fishes fed with raw fish diet. The story of formulated feed application
in M. salmoides and L. crocea farming reveal the necessity of paradigm shift of fish nutrition and feed. The author
indicates that the disadvantages in the currently used paradigm include the following: (D The paradigm emphas-
izes the role of food in regulating fish growth, but ignores the roles of fish genetics and environmental conditions
other than food in determining growth and feed intake of fish. @) The paradigm emphasizes that individual growth
of fish reflects its nutrient requirements and demand on feed quality, but ignores that individual growth of fish can-
not completely represent yield and economic income of commercial fish farming. 3 The paradigm emphasizes the
importance of fish growth and feed utilization efficiency as indicators in evaluating benefits of fish farming, but
ignores that the negative impacts of fed aquaculture on natural resources and environment are the bottle-neck limit-
ing sustainability of aquaculture industry. @) The paradigm ignores the effect of basal diet formula in evaluating

nutrient requirements and feed quality, and the use of unreasonable basal diet in some research results in erroneous
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or senseless conclusion. To diminish the aforementioned disadvantages, the author proposes to improve the
concept, theory and method of the currently used paradigm. () Emphasizing the importance of fish genetics and
the environmental conditions except food in determining growth and feed intake of fish. Emphasizing that growth
potential of fish determine its nutrient requirement, while emphasizing that nutrients from diets can support and
modulate fish growth. 2 Emphasizing the interaction between different dietary nutrients, and emphasizing that
different feed ingredients play their own role in establishing nutrient balance of diet formula. 3) Emphasizing the
importance of genetics and population structure of the test fish used in feeding trials. Emphasizing the magnitude
of difference in growth between individual fish fed with different diets is an indicator for assessing nutrient
requirement and feed quality. Emphasizing the impacts of diet formula on natural resources and environment,
which are factors limiting sustainability of aquaculture industry. After the shift or improvement, the paradigm for
fish nutrition and feed research will be better in accord with the situation and demand of modern aquaculture farm-
ing practices. The results of nutrition and feed research conducted following the shifted paradigm will be more reli-
able and accurate for diet formula design of aqua-feed, and the formulated feed will be more successful in applica-
tion in commercial aquaculture farming.

Key words: Micropterus salmoides; Larimichthys crocea; formulated feed; paradigm; dietary protein requirement;
dietary fish meal replacement; growth
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