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Tab.1 Formulation and proximate composition of the experimental diets wherein fishmeal was substituted by

poultry meal %
T H Troms SRR Diet

FM PM04 PMO8 PM12 PM16 PM20
Jsoh (T H il )
Ingredients (dry matter basis) 25 25 25 25 25 25
FE10H} Peruvian fishmeal®
65 1§ K A8} Fishmeal 65 24 20 16 12 8 4
X K Poultry meal® 0 4 8 12 16 20
1 Soybean meal? 19 19 19 19 19 19
TF Wheat flour 10 10 10 10 10 10
WU EF4EZE Microcrystalline cellulose 5.90 6.16 6.44 6.72 6.98 7.26
/K A3 Fish oil 3.0 3.3 3.6 3.9 4.2 45
KIGWERRH Soy lecithin 8.0 7.4 6.8 6.2 5.6 5.0
R Lysine® 0 0.02 0.03 0.04 0.06 0.07
HE 4R Methionine' 0 0.02 0.03 0.04 0.06 0.07
— AL T4 Yitrium oxide 0.1 0.1 0.1 0.1 0.1 0.1
TR K Premix® 5 5 5 5 5 5
A0 0T (IR FEAY, %) Chemical analysis (wet weight basis, %)
F#) )5 Dry matter 93.5 93.7 93.8 94.0 94.1 94.2
MM Crude protein 42.4 425 425 42.6 423 425
MM Crude lipid 15.2 15.3 15.1 153 15.4 15.3
K5y Ash 9.7 9.5 9.2 8.8 8.5 8.3
B IR Essential amino acids
FH %R Arginine 2.70 2.73 2.80 2.86 291 2.96
21542 Histidine 1.18 1.16 1.11 1.08 1.05 1.02
SE5EER 1soleucine 1.89 1.86 1.85 1.85 1.83 1.83
494 Leucine 3.31 3.27 3.23 3.20 3.17 3.14
15 BR Lysine 2.78 2.78 2.78 2.77 2.80 2.77
AR Methionine 1.02 1.04 1.02 1.03 1.04 1.04
H N Phenylalanine 2.01 1.98 1.96 1.91 1.89 1.85
FRE R Threonine 1.69 171 1.69 1.69 1.72 1.71
452 Valine 2.20 2.19 2.17 2.16 2.13 2.11

TE ALt LR 1 68.3% MU T 8.6% ;65 /K f ks - ML 14 66.1% KL T 7.4% ;< X P < HLER 11 68.6% , KRG i 14.5% ;* oM - LR
1146.5% IR 1.8% ;2R i R IR AL Rk (B, 4L >98.5% ) ;I &R : DL-TR AR OB AL , 415 >98.5% ) 3 THUR LA 55 4 ) [ Al
e RBERA . 0 B A (mg/kg fARL) - BRAREE , 1 200 BEIHT , 105 BRIREK , 80 BRIR Y , 50; BRIt , 455 /ALHE (19) , 505 BLARES
(1%) ,60; AR RGN (1%) , 20 Wl £ 8 , 3 485 ; e Z IR} (me/kg 1R ( 4EAE R B, 25 B B8 K (80% ) ,45; 414 3 B, (Fh RIS FE) ,20;
Y B,,, 10; 4EEF K, 105 IUEE, 800; 4 A4E K B,(VZR) , 605 JHR , 2005 MR, 205 £ 3 (2%)60; 44 3 A 32, 4B D,, 5 48 R E,
240; CAEIEMENME, 3 414 3R C,2 000 R EF4E R L 1 470,

Notes: “Peruvian fishmeal: crude protein 68.3%, crude lipid 8.6%; " fishmeal 65: crude protein 66.1%, crude lipid 7.4%; © poultry meal :
crude protein 68.6%, crude lipid 14.5%; * soybean meal: crude protein 46.5%, crude lipid 1.8%; ° lysine: lysine hydrochloride (Fufeng,
purity =98.5%) ; " methionine: DL-methionine (Xinhecheng, purity >98.5%) ; *Premix consists of mineral and vitamin premix. Mineral
premix (mg/kg diet) : MgSO,-7H,0, 1 200; CuSO,-5H,0, 10; FeSO,-H,0, 80; ZnSO,-H,0, 50; MnSO,-H,0, 45; CoCl,-6H,0 (1%) ,
50; Ca(IO3)2 (1%) , 60; Na,SeO, (1%) , 20; Zeolite, 3 485; Vitamin premix (mg/kg diet) : thiamin, 25; riboflavin (80%), 45; pyridoxine
HCI, 20; vitamin B ,, 10; vitamin K, 10; inositol, 800; pantothenic acid, 60; niacin acid, 200; folic acid, 20; biotin (2%) , 60; retinyl
acetate, 32; cholecalciferol, 5; a—tocopherol, 240; ethoxyquin, 3; ascorbic acid, 2 000; microcrystalline cellulose, 1 470.
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Tab.2 Formulation and proximate composition of the experimental diets wherein fish oil was

substituted by soybean lecithin %
1 H Ttoms FEG AL Diet

FO SL13 SL25 SL38 SL50 SL63
Jikl (T HE LAl ) Ingredients (dry matter basis )
Fp 4k} Peruvian fishmeal® 25 25 25 25 25 25
65 /KA Fishmeal 65 4 4 4 4 4 4
XA Poultry meal® 20 20 20 20 20 20
541 Soybean meal” 19 19 19 19 19 19
I # Wheat flour 10 10 10 10 10 10
O EFZE Microcrystalline cellulose 6.9 6.9 6.9 6.9 6.9 6.9
K30 Fish oil 8 7 6 5 4 3
KB Soy lecithin 2 3 4 5 6 7
— AL 4 Yitrium oxide 0.1 0.1 0.1 0.1 0.1 0.1
THIRAL Premix® 5 5 5 5 5 5
A2 AT R FESERY) Chemical analysis (wet weight basis)
T4 Dry matter 94.1 94.4 94.3 93.8 94.7 94.6
HEE T Crude protein 43.0 429 43.1 43.1 43.0 43.0
HIBN Crude lipid 15.7 15.6 15.5 15.6 15.5 15.7
K4y Ash 8.1 8.2 8.2 8.1 8.2 8.2

TE B 00y - HLEE 11 68.3% , HLAR 7 8.6% ;65 Mg /K fr 8} - KL 4 66.1% , HLAR T 7.4% ;35 A Ky  HLER 1 68.6% LRI 14.5% ; T2A0 - HLER
146.5% , HLIR i 1.8% ; FIR A5 0 4 S A e 2L Z BUREL . 0 9 S PR (mg/kg TDRL) < BRIREE , 1200; BRLAR S , 10; B ARER , 80; i fiR
BE, 505 B RS , 455 LA (19%) , 505 RS (19%) , 605 WAGFRHN (1%) , 203 Wl £ K, 3485 4E2E R BUTRKL (mg/kg 1RKL) : 4EE R B, 25 4% 8%
2 (80%) .45 4 2 B, (EERRIEISEE) .20 4624 2 B, 10 462k 2 K, 103 LB 8005 4228 2 B, (V2 12) . 60 7R . 2005 W2, 203 2 4 %
(2%)60; 441 % A 32; 46 K D,, 53 4/ K EL,240; 28 KBk, 35 48442 % €, 2000; 2T 424, 1 470,

Notes: “Peruvian fishmeal: crude protein 68.3%, crude lipid 8.6%; " fishmeal 65: crude protein 66.1%, crude lipid 7.4%; © poultry meal :
crude protein 68.6%, crude lipid 14.5%; * soybean meal: crude protein 46.5%, crude lipid 1.8%; © Premix consists of mineral and vitamin
premix. Mineral premix (mg/kgdiel): MgSO,-7H,0, 1200; CuSO,-5H,0, 10; FeSO,-H,0, 80; ZnSO,-H,0, 50; MnSO,-H,0, 45; C()Clz'
6H,0 (1%) , 50; Ca(103)2 (1%) , 60; Na,SeO;, (1%) , 20; Zeolite, 3485; Vitamin premix (mg/kgdiet) : thiamin, 25; riboflavin (80%) ,
45; pyridoxine HCI, 20; vitamin B,, 10; vitamin K;, 10; inositol, 800; pantothenic acid, 60; niacin acid, 200; folic acid, 20; biotin
(2%) , 60; retinyl acetate, 32; cholecalciferol, 5; a—tocopherol, 240; ethoxyquin, 3; ascorbic acid, 2000; microcrystalline cellulose, 1 470.

1.4 EMBZ 5 .5 HEAX

f AR R 22 1553 531 R FH AOAC 157
Horr, K 432k A E I e (105 CHET,72 h) 5
FHL AR R LI 80 U 7 (FOSS 23 7] 2300 Y
M AL, B ) s MR DR PR K fil F &
A7 2 (BUCHT 2 7] 36680 78 i il H24% ,
i) 5 KA R R e vkl e (e =X e B 550 °C,
16 h) o FZITE & 1 A I J7 3 R I Sk 1 A
(JUPITER-B, Z i it (O I8 M4, i { i
ERH AT IR A B SR E R R 45, UG &
S TR T R ST AL (ICP-OES, Prodigy7,
LEEMAE LABS, USA)ll """, JEUBE IR i
HET 2 EE, AR E 30 mg LA 15 mL 6 mol/
L HCUA W, 76 110 “CF /KM 24 h, R4 A 3
S FER /3 B (1.-8900, Hitachi, Tokyo, Japan)illl
EHERRR =
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A7 % (Survival rate, S, % ) 3 # % (Weight
gain, W,,% ) . ¢ & 4 K % (Specific growth rate,
Ser»%ld) i) KL Z2 B0 (Feed conversion ratio, F,) .
FEE R (Feed intake, F,, %/d) BT

S,=100 % A,/ A, (1)
W.=100x (W,— W, ) /W, (2)
Sex= 100 % (I, = Inw,) /t (3)

Fo=D,/ (W.— W) (4)

F,=100xD,/ [ (W+W,) /2] /t (5)

2 AR 53 50 R0 i 2R 1 £ A gt 5 a0, D

w3 ARG AR - B AR BT R, g5 WAL W,

I3 WA AR Y AR BT, g5 N FRIE R
D, R SR AR (g, T .

A £ (Condition factor, C,, g/em®) | JFA L

index, Hy,% ) . JIE & b

(Hepatosomatic
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(Viscerosomatic index, Vi, % ) I35 A 2

Ce=W,/L} (6)
H, =100% X W,/ W, (7)
Vg = 100% X W,/ W, (8)

s W g AR BURE g5 WAL W, 20501 D AT AN
WEHA i, g5 L, ARG em.
ok T Bt 3R W IH b ¥ (Apparent
digestibility coefficient of dry matter, Ay, %) 1A
BEE IR 85 2 WAH 4K % (Apparent digestibility
coefficient of nutrients , A, %)
Apcom = (1 = D JF)x100% (9)
Apes =1 - (F/D)X(DJF,) ]x100% (10)
A D AF ) RS TR L R B, %
D,V F, 43 53 Ay ) kL R 2R v B SR A 1Y
H,%.
1.6 HIESH
A B i R R & AT Ge i o b, LA A

SRR G AL (n = 4) . 4LH] 25 5 gk, Al
F Im pRBCHEA T — A U 20 B o SR P<
0.05 I, T >R AR A2 multcomp Y cld pRELHEAT
Tukey's 22 55 W P LU 42 . 24 P R EL % A9 P<0.05
P, D 2F] ) 2 S A0 A Sl 2o R [l DT g A A i
id 13 5% 22 43 BT (Residual analysis) #E47 K 56, B .
1 & & (Linearity) | 1F 2 P (Normality ) #1777 2%
557 (Homogeneity of variance)

2 4

2.1 &aMELHAR
2. 1.1 ARKMEE B SER

B2 3 Al R0, A B 52 L X8 PR R AR 0% .
17% .33% .50% .67% F1 83% 1] 65 £ 43 X £& i 1)
FENE R ORI M TR SRR R R 5L
P A KR A A KPR RE R AR AN AE 6 B EAA L
JHAAR L ST AR HE A2 T 25 M52 e (P>0.05) o

F3 BAMNBEKEHITLEE KR RFEAERENZIT

Tab.3 Effects of fishmeal replacement by poultry meal on the survival, growth performance and body indices in

snakehead
0 H Items JH R Diet BFthRER:
FM PMO04 PMO8 PM12 PM16 PM20 Pooled SE
AET5 % Survival rate/% 99.7 99.7 99.7 99.4 100.0 98.8 0.40
WA FUER Initial mean body mass/g 146.9 146.4 146.6 146.5 146.8 146.7 0.87
LR Final mean body mass/g 4953 495.9 493.5 495.4 494.8 4973 1.24
HEF R Weight gain/% 237.2 238.7 236.7 238.2 237.0 239.0 2.32
B R Feed intake/(%/d) 2.4 2.3 2.4 2.4 2.3 2.3 0.01
Tkt ZEX Feed conversion ratio 1.2 1.2 1.2 1.2 1.2 1.2 0.01
g KR Specific growth rate/(%/d) 22 2.2 22 22 22 22 0.01
B Condition factor/(g/em?) 1.7 1.7 1.7 1.8 1.7 1.8 0.05
WEAARH. Viscerosomatic index/% 7.7 7.6 7.7 7.4 7.9 7.5 0.11
HFA HE Hepatosomatic index/% 22 2.3 22 2.2 22 2.1 0.03

2.1.2 FMIHALR
H % 4 0 AR ST X9 AR B AL 0%
17% .33% .50% .67% i1 83% F) 65 fa {5y Xif £k fild 1]

B IIE AR, A T o RLEE A ACRLIS 7
¥Ie R PR (P>0.05)

x4 BVAMBREMTLEBEBEFRYRRUWBENLENZID
Tab. 4 Effects of fishmeal replacement by poultry meal on the apparent digestibility coefficients (ADC) of macro—

nutrients in snakehead %
-~ SIS RRL Diet G IFbRED
15 H Items )
FM PM04 PMO8 PMI12 PM16 PM20 Pooled SE
TH BT ADC of dry matter 71.6 715 723 71.9 71.7 71.6 0.42
HUEE LR ADC of crude protein 87.2 86.7 86.9 86.4 87.0 87.5 0.29
HUIB DAL 2 ADC of crude lipid 88.7 89.1 89.2 88.6 89.1 89.0 0.34

http://www.shhydxxb.com
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2.1.3 1RHRL
B2 5 LA, AW ST o, X9 R R AL 0% .
17% .33% .50% .67% i1 83% F) 65 fh {5y Xif £k fild i1ty

KAy ML HLAB I K 5
FHERm (P>0.05) .

S AR R 20

RS IBAMBEKENITLE M EM N

Tab.5 Effects of fishmeal replacement by poultry meal on the whole—body proximate composition in snakehead %

SER R Diet G IbREDR
1 H Ttems
FM PM04 PMO8 PMI12 PM16 PM20 Pooled SE
7K} Moisture 69.2 69.0 68.7 68.7 69.1 68.9 0.21
ML Crude protein 18.9 19.3 19.1 19.0 19.1 18.9 0.08
MR Crude lipid 7.6 7.5 7.5 7.5 75 75 0.05
K5y Ash 42 3.9 4.0 3.8 4.1 3.9 0.17
2.2 BHBRHR 38% . 50% F1 63% B ¥ 7K 2 3k X 28 68 Y 77 375 %

2.2.1 AERVERE RIEARTEFR
2% 6 n] 1, XS P B 1R 65 118y 83% )5, LA
K WG A BB IR, 43 3 AL 0% . 13% . 25% .

LR Y E R SRR R R A
RASE A KA REAE A AR B2 JFEAAS LU FA L
SEIL AR PRI JC B MR (P>0.05) .

F6 AEIPBAEEIEKERNEEE KR REEERNZ T

Tab. 6 Effects of fish oil replacement by soybean lecithin on the survival, growth performance and body indices in

snakehead
FH Htems S B Diet AR
FO SL13 S1.25 SL38 SL50 SL63 Pooled SE
1215 % Survival rate/% 99.4 99.1 99.7 99.7 100.0 99.4 0.47
WHHRFE Initial mean body mass/g 153.3 153.7 154.0 154.4 153.9 154.3 0.36
LR Tt Final mean body mass/g 505.3 508.9 506.1 506.6 507.2 504.8 1.59
Hi % Weight gain/% 229.6 231.1 228.7 228.1 229.6 227.2 1.37
L Feed intake/(%/d) 2.3 2.3 2.3 2.3 2.3 2.3 0.02
Tk 2 %L Feed conversion ratio 1.2 1.2 1.2 1.2 1.2 1.2 0.01
8 1R K3 Specific growth rate/(%/d) 2.1 2.1 2.1 2.1 2.1 2.1 0.01
O3 % Condition factor/(g/em®) 1.6 1.6 1.8 1.7 1.6 1.6 0.10
WEAA L Viscerosomatic index/% 7.7 7.4 7.6 7.3 7.6 7.8 0.15
JT44 . Hepatosomatic index/% 2.1 2.2 22 2.1 2.2 22 0.04

2.2.2 FUIHLE

H1 2% 7 TR0, X8 PN Ry 24 65 k) 83% )T, LA
K R i A g 05, 49 i AR 0% . 13% . 25%
38% .50% 1 63% (1) 7K £0 Ji %k e 8 1) L 140
JoT FIOREL B 11 2% UL T Ak R 2 T 8 3 M e (P>
0.05) . {HJE, B KT BRI /K a3 Ll
PAR N L S VR R e ST N i Y
Vg AR A IR L 3k B B0 I 389% I KRR T %
UL TH Ak 8 2 I 3 R R (P<0.05) o
2.2.3 IR

HY % 8 A1, 39 IR M 51X 65 k) 83% i, LA
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KW R v A B R, 2 AR 0% . 13% . 25%
38% .50% F1 63% [1) 16§ 7K fa i X £ B8 11 7K 43 HL
B HLIR G Koy SR 38 b 2 TG 3 P
e (P>0.05) .

3 i

ARSI A M RITA A2 ) R B RS AR
i e R AR A b i SERb AR O, DR i
WIFARRIR BTN 150 g FOLRBERERIVRIREC T iR
STURER ;IR e = O 7Y 24 Rk IRl R X AW )
T AR5 IO FI AT 24 (LB LR
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Tab.7 Effects of fish oil replacement by soybean lecithin on the apparent digestibility coefficients (ADC) of macro—

nutrients in snakehead %
SEY TR Diet G bRtk
It H Ttems b
FO SL13 SL25 SL38 SL50 SL63 Pooled SE
T ALZ ADC of dry matter 68.3 68.6 68 68.2 68.4 68.6 0.40
HLEE F1IE LR ADC of crude protein 87.2 86.3 86.5 86.7 87.5 86.8 0.45
MBI L ADC of crude lipid 90.1° 89.1" 89.1" 88.7% 88.5% 87.8" 0.26

L : Al — A7t B AN ] _E bR R A BB R AT 8 3 P22 5 (P<0.05) ¢

Notes: Values in the same row with different letters are significantly different (P<0.05).

RS KREBIIEERiEK & & A AR R

Tab. 8 Effects of fish oil replacement by soybean lecithin on the whole—body proximate composition in snakehead %

SEEG AL Diet AR
151 H Items -
FO SLI13 SL25 SL38 SL50 SL63 Pooled SE
K43 Moisture 68.8 68.9 68.8 69.3 69.1 69.6 0.27
A H Crude protein 19.2 19.2 19.3 19.1 19.3 19.1 0.06
HMUERG Crude lipid 7.7 7.7 75 7.7 7.7 7.4 0.09
T4y Ash 4.1 4.1 4.0 4.0 4.1 4.1 0.05
LR R = AV SRS & ST = N1 G H: 1.5 g5 306 JE Y 2 120 d; X6 BR 41 i) frofs 5

X R AR 65 T /K (0B LU 113K 31 83% (R 20%) ™, DLk, #8149 PRy B AR £ 3 1) S 56
b3 B 40% ) I LR S AR B AR I VERE AL rRERE A, XS R B AR ok A BR AP R 2 —
BRUSMEIN . X5 ZH0 AR 2GR P SRR B Z 2 BT
My B M AT S A SRR —IZ T 5 08 DL ARSI AERY PRy B AR P A A A T IR AR
AR 40% HkY 5, P AR XL AR RARA ERR A R , 31X 1T RE 239 IR 1R 83% 114 65
LA S (R IR AR BT 4.0 g a0 A . IR T N 2 e R 8 7 A TR R PR 2
84 d; Xf BRAL MR & 2 :56%) " . EHAMR M —o DL RFE XS AR — Rt 5 Y £ R
2 FRIRT TSR S ARl AN IR R AR, R KRR A AR v R 5 X PR R AR
B A AR IERE . WAERIGE R H B Al A B, nT BESZ % B8 AL iRDRE 0 ) & L M2k
(Psetta maeotica) TR, G PRy A LU i R ARl e R Y- 487 7 52

50% M, A K PEREA 1.3 T B (W) AR 45 5 - 30.0 AW SEAEARAG OBy Bl B AU A Bt |, 33
g; B0 JA 01 2 60 ds X MR AH AR ORE K S i TSR AR R R B ST, B ST A £
T7%) o T TE O P R A A Sl BrkiE b EGE BN, ARFRAS RN KT
(Morone chrysops@x M. saxatilisd ) , 44} v 35 (5] DN RE QA T, 25 Ab BRZH 2 8 2E K R L K
Wy AR LB I 35% I, AR R PEREREIN IR E Ve TR AL (R Y W 25 5
TR (R B 87.0 g5 IR I 56 s XFHRLL (A B9 B 25 F R, YT K £l AR L ) 7
TRk R B R 25%) Y 0 X AT RE S0 IRAL kY 389%~63% I, KL DT % W T b 2R AR 1.4%~
TEAK, WMEORUL, ol A S, ATERUK 2.3%, HAT, 6 T LR A 06T B8 T R T SR AFAE 1t
B M R E AR SRR SR WAREE  H— T L TROK 2 A A B EPA
DA s LR (s o 5 B AR (Carassius  (ZBRFUMSER) T DHA (Z+ ZBRAS KR ) %5 15
auratus gibelio) T L4, 3 PR3 BR AR 50% £ 85 I AN FNAR W7 R 1Y 68 1, Rk s 0 SRR R (18
Ao B E A E RAYERE (WA A . 5.3 ;108 3n-3) FE I R (181 2n-6) 43 51l i i) K} 5 A5 iy
JEIYT 56 s %t PR L A A fr o S 42 5490) 25 M JE 0.5%~2% BTl 2 00 7 i T R T R . X nT g
BB A1 (Oreochromis niloticus ) A, X A # AT AT, K G IR A SO A K Y
FERR A TS 2w A KPR RE (R dR A BT BB o 1 7E 2% 52 88 (Channa argus<Channa
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maculata) [N CEF (Acipenser stellatus) X J& % % Ak
6 (Nile tilapia) WIBFFEF BT, HOH Fds ok 52 07
BENR  AEAERE S 4R S K s B ey R K
RE S PP AR 7> X AT AR AR
rh R 2 BP0 AR 2 B8 DR Hh T K AR
A5 — A A

— B L WA BRSO IR 7 T AL
TIABIESE Fh gt A it A Qo /K e L ) T )
BRI TH AL A BT B o 3X 7T RE 55 AN W) i s 952 1)
gt 10 PR 2 AT O o £ 26T g D7 T 1) 9 4k % A2 g
TR R BE A S B A EE e . — i &, a2k
Xt PUFA (Z A A TR ) A HUF A (2 B2 AN AN
JI U TR ) ¥ Ak 58 0 8, IR 2 J& MUFA (BN i i
12 ) (SFA (IR RIRR DR ) >, f il s &% EPA FiI
DHA 55 22 AN LS 7 1R , T R 2 DR i g &5 45
5, 3% AT BB A S 56 vh 3 Bl e i o AU L IR
U7 T AR AR AR B 0 SR o 7 S R A X
K # . (Larimichthys crocea) W BiF 58 vt & #1,
75% 2 M AR AL 23 B AR AR I P BE 2 I i TR
THALE i OLSEN 48PV E ML 68 ( Oncorhynchus
mykiss ) AT At 22 30, T S 6T 3 ) 06 1 ik
(R TR TH AL BB M, S BOH LRI

25 b DL A A AmPRER A A 20 RS A Dy
PEHIBRUE , R B B 4 i ) Rk v, X8 1A by ]
R 65 7K 53 L I 3A 3 83% K W BB AR W AR
HOM HEBIA S 63% . A SCHFFEEA R, 198 1 il
by F R AT ST, (RIS SR Rl S D7 DAk R A
WARM T Z%  BTARITRAMT L in 4
AP PR R 52 B35 5200, RR BT,
A — 2 IR v R A Yy B i ) ) v £ £ 31
(R AR B 2 — 20 [ AR A 8 1 oMb T8 £ 8 £
T A AR

SE Wk
[1]  GATLIN III D M, BARROWS F T, BROWN P, et al.
Expanding the utilization of sustainable plant products in
aquafeeds: a review[J]. Aquaculture research, 2007, 38

(6): 551-579.

[2]  HARDY R W. Utilization of plant proteins in fish diets:
effects of global demand and supplies of fishmeal [J].
Aquaculture research, 2010, 41(5): 770-776.

[3] CRUZ-SUAREZ L E, NIETO-LOPEZ M, GUAJARDO-
BARBOSA C, et al. Replacement of fishmeal with poultry

practical ~diets for

by-product meal in Litopenaeus

vannamet, and digestibility of the tested ingredients and

http://www.shhydxxb.com

[10]

[11]

[12]

[13]

diets[J]. Aquaculture, 2007, 272(1-4) : 466-476.
GALKANDA-ARACHCHIGE H S C, WILSON A E,
DAVIS D A. Success of fishmeal replacement through
poultry by-product meal in aquaculture feed formulations :
a meta - analysis [J]. Reviews in Aquaculture, 2020, 12
(3): 1624-1636.

CALDER P C. The Relationship between the fatty acid
composition of immune cells and their function (I
Prostaglandins, Leukotrienes and Essential Fatty Acids,
2008, 79(3-5): 101-108.

TOCHER D R, BENDIKSEN E A, CAMPBELL P J, et al.
The role of phospholipids in nutrition and metabolism of
teleost fish[ ] ]. Aquaculture, 2008, 280(1-4): 21-34.
JAFARI F, AGH N, NOORI F, et al. Effects of dietary
soybean lecithin on growth performance, blood Chemistry
and immunity in juvenile stellate sturgeon (Acipenser
stellatus) [J]. Fish & shellfish immunology, 2018, 80:
487-496.

YANG W, WU J, SONG R, et al. Effects of dietary
soybean lecithin  on  growth  performances,  body
composition, serum biochemical parameters, digestive and
metabolic abilities in largemouth bass Micropterus salmoides
[J]. Aquaculture Reports, 2023, 29: 101528.

L NSRS ED I S g |
(Cynoglossus semilaevis Giinther )HEf 1 TEALERFIG 1
AR FIA R (D], F & . o [Eig R, 2013.
HAN B. Effects of dietary phospholipid, cholesterol and
their interactions on growth performance, digestive
enzymes and expression of related gene of tongue sole
(Cynoglossus semilaevis Giinther) larvae [D]. Qingdao:
Ocean University of China,2013.

T MR IE SRR, 45 L IR 8y s IR el RHEAS ik 5260
WRAROF B 21 IS L A AL TR AR Sl R s [ ]
IR AR, 2024,48(3) :361-371.

TANG Z,LIN D X,CAI M L, et al. low-fishmeal and high-
fat diet supplement with soybean lecithin on growth, serum
biochemical indexes and intestinal flora of rice field eel
(Monopterus albus) [J].
2024,48(3):361-371.

PARIPATANANONT T.

Acta Hydrobiologica Sinica,
Snakehead and pangasius
catfish, in nutrient requirements and feeding of finfish
for aquaculture [M]. Oxford: CABI Publishing, 2002 :
396 - 401.

HONG L W, THEYVEEKA SELVY A, RAJOO P, et al.
in  Wound-healing: A

Channa Striatus Effectiveness

Scoping Review [J]. IJRAR-International Journal of
Research and Analytical Reviews (IJRAR), 2020, 7(1):
300-8.

B, FIAR SIS . b R0 B Bk 8 R
a7 s ok (], I R AR 254, 2023, 32
(6):1205-1215.



6

AR, A RS R R AR BRI A A b e B L AR A DA PR ZE B 5

1343

[14]

[21]

[22]

(23]

LI'Y X, WANG X D, HU H B, et al. Optimal protein and
lipid requirements of snakehead, Channa striata, during
the grow-out stage [J]. Journal of Shanghai Ocean
University,2023,32(6):1205-1215.

ALIYU-PAIKO M, HASHIM R, SHU-CHIEN A C.
Influence of dietary lipid/protein ratio on survival, growth,
body indices and digestive lipase activity in snakehead
(Channa striatus, Bloch 1793) Fry Reared in Re -
circulating Water System [J]. Aquaculture Nutrition,
2010, 16(5): 466-474.

HUA K, KOPPE W, FONTANILLAS R. Effects of dietary
protein and lipid levels on growth, body composition and
nutrient utilization of Channa striata [J].
2019, 501: 368-373.

AOAC International. official methods of analysis [M].
22nd ed. Rockville, MD: AOAC International, 2023.
BAYLIAK M M, DEMIANCHUK I, GOSPODARYOV D

Aquaculture,,

V, et al. Mutations in genes cnc or dKeapl modulate stress

resistance and  metabolic  processes in  Drosophila

melanogaster  [J].  Comparative  Biochemistry — and
Physiology Part A: Molecular & Integrative Physiology,
2020, 248: 110746.

JAJIC 1, KRSTOVIC S, GLAMOCIC D, et al. Validation
of an HPLC method for the determination of amino acids in
feed [J]. Journal of the Serbian Chemical Society, 2013,
78(6): 839-850.

ABDUL-HALIM H H, ALIYU-PAIKO M, HASHIM R.
Partial replacement of fish meal with poultry by - product
meal in diets for snakehead, Channa striata (Bloch,
1793) , fingerlings [J]. Journal of the World Aquaculture
Society, 2014, 45(2): 233-241. 19

YIGIT M, ERDEM M, KOSHIO S, et al. Substituting
fishmeal with poultry by-product meal in diets for Black Sea
turbot Psetta maeotica [J]. Aquaculture Nutrition, 2006,
12(5) : 340-347.

RAWLES S D, RICHE M, GAYLORD T G, et al
Evaluation of poultry by-product meal in commercial diets
for hybrid striped bass (Morone chrysops@x M. saxatilisd)
in Recirculated Tank Production[]]. Aquaculture, 2006,
259(1-4): 377-389.

YANG Y, XIE S, CUT'Y, et al. Effect of replacement of
dietary fishmeal by meat and bone meal and poultry by -
product meal on growth and feed utilization of Gibel carp,
Carassius auratus gibelio [J]. Aquaculture Nutrition,
2004, 10(5): 289-294.

YONES A M M, METWALLI A A. Effects of fishmeal
substitution with poultry by-product meal on growth

performance, nutrients utilization and blood contents of

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

juvenile Nile Tilapia (Oreochromis niloticus) [J]. Journal
of Aquaculture Research and Development, 2015, 7(1) :
1000389.

KARAPANAGIOTIDIS I T, PSOFAKIS P, MENTE E, et
al. Effect of fishmeal replacement by poultry by - product
meal on growth performance, proximate composition,
digestive enzyme activity, haematological parameters and
gene expression of gilthead seabream (Sparus aurata)[]].
Aquaculture Nutrition, 2019, 25(1): 3-14.
KARAPANAGIOTIDIS I T, PSOFAKIS P, MENTE E, et
al. Effect of fishmeal replacement by poultry by - product
meal on growth performance, proximate composition,
digestive enzyme activity, haematological parameters and
gene expression of gilthead seabream (Sparus aurata) [J].
Aquaculture Nutrition, 2019, 25(1): 3-14.

LIN SM, LI F J, YUANGSOI B, et al. Effect of dietary
phospholipid levels on growth, lipid metabolism, and
antioxidative status of juvenile hybrid snakehead (Channa
argusX Channa maculata) [J]. Fish physiology and
biochemistry, 2018, 44: 401-410.

EL-NAGGAR K, MOHAMED R, EL-KATCHA M I, et
al. Plant ingredient diet supplemented with lecithin as
fishmeal and fish oil alternative affects growth
performance, serum biochemical, lipid metabolism and
growth - related gene expression in Nile tilapia [J].
Aquaculture Research, 2021, 52(12): 6308-6321.
MARTINS D A, VALENTE L M P, LALL S P. apparent
digestibility of lipid and fatty acids in fish oil, poultry fat
and vegetable oil diets by Atlantic halibut, Hippoglossus
hippoglossus L. [J].  Aquaculture, 2009, 294 (1-2) :
132-137.

NG W K, SIGHOLT T, GORDON BELL J. The influence
of environmental temperature on the apparent nutrient and
fatty acid digestibility in Atlantic salmon (Salmo salar 1. )
fed finishing diets containing different blends of fish oil,
rapeseed oil and palm oil [J]. Aquaculture Research,
2004, 35(13): 1228-1237.

XUN, DINGT, LIUY, etal. Effects of dietary tributyrin
on growth performance, body composition, serum
biochemical indexes and lipid metabolism - related genes
expression of juvenile large Yellow croaker (Larimichthys
crocea) fed with high level soybean oil diets [J].
Aquaculture Nutrition, 2021, 27(2): 395-406.

OLSEN R E, TORE D B, MYKLEBUST R, et al. Effect of
soybean oil and soybean lecithin on intestinal lipid
composition and lipid droplet accumulation of Rainbow

trout, Oncorhynchus mykiss Walbaum[J]. Fish Physiology
and Biochemistry, 2003, 29: 181-192.

http://www.shhydxxb.com



1344 SR C S N S SO 33 %

Effects of fishmeal replacement with poultry meal and fish oil replacement
with soy lecithin on the growth, feed utilization and body composition in
grow—out stage snakehead, Channa striata

LI Yanxian'??, HU Haibin"*, ZHANG Jian*, PAN Leilei*, JIANG Ruili*, SONG Tao*, YUN Biao',
ZHUANG Jiecheng’, XIE Shouqi’, QIAN Xuegqiao"’

(1. Research Institute of Animal Husbandry and Aquaculture, Guangdong Haid Group Co. , Ltd. , Guangzhou 511400,
Guangdong, China; 2. State Key Laboratory for Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, Hubei, China; 3. Sheng Long Bio-Tech International of Haid Group Co. , Ltd. , Long An
850000, Vietnam; 4. Guangdong Hinter Biotechnology Group Co. , Lid. , Guangzhou 511400, Guangdong, China; 5. Key
Laboratory of Microbial Resource Management and Utilization, Ministry of Agriculture and Rural Affairs, Guangzhou 511400,
Guangdong , China)

Abstract: To investigate the optimal fishmeal and fish oil replacement levels in grow-out stage snakehead
(initial body mass 150 g) , Channa striata, we first explored the optimal fishmeal replacement level by
substituting 0%, 17%, 33%, 50%, 67%, and 83% of fishmeal 65 (65%-protein fishmeal) with poultry
meal respectively, resulting in six iso-nitrogenous and iso-lipidic experimental diets. The diets were fed to
fish to apparent satiation twice daily for 8 weeks. Subsequently, we evaluated the optimal level of fish oil
substitution by replacing 0%, 13%, 25%, 38%, 50% , and 63% of fish oil with soy lecithin, resulting in six
iso-nitrogenous and iso-lipidic experimental diets. The diets were also fed to fish to apparent satiation twice
daily for 8 weeks. Results showed replacing fishmeal 65 with poultry meal had no significant effects on the
erowth performance, body indices, nutrient apparent digestibility, or body composition of snakehead fish (P>
0.05). Substituting fish oil with soy lecithin did not significantly influence the growth performance, body
indices, or body composition of the fish (P>0.05), nor did it affect the apparent digestibility of dry matter
and crude protein (P>0.05) ; however, a minor significant reduction in the apparent digestibility of crude
lipids (~2%) was observed when fish oil substitution levels reached or exceeded 38% (P<0.05). Results on
growth, feed utilization, and body composition indicate that poultry meal can replace up to 83% of fishmeal
65 and soy lecithin up to 63% of fish oil in diets for grow-out stage snakehead. This study fills the research
gap in the substitution of fishmeal and fish oil during the grow-out phase of Channa striata, offering valuable
data for optimizing commercial feed composition and reducing costs.

Key words: Channa striata; grow-out stage; fishmeal replacement; fish oil replacement
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