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Tab.1 Formulation and proximate composition of the experimental diets for estimating

the protein requirement (dry matter basis) %
JER Ingredients R Diet

P36 P39 P42 P45 P48 P51
FEA 4} Peruvian fish meal® 16.0 20.5 25.0 29.5 34.0 38.5
65 /K K} Fish meal 65° 20.0 20.0 20.0 20.0 20.0 20.0
X PI# Poultry meal® 14.5 145 145 145 145 14.5
L H1 Soybean meal® 3.0 3.0 3.0 3.0 3.0 3.0
T Wheat flour 10.0 10.0 10.0 10.0 10.0 10.0
TUAHLT 482 Microcrystalline cellulose 21.8 17.7 13.5 9.4 5.3 1.1
3K A3 Fish oil 3.0 3.0 3.0 3.0 3.0 3.0
KRR Soy lecithin 6.7 6.3 6.0 5.6 52 49
TREL Premix” 5.0 5.0 5.0 5.0 5.0 5.0
b sy
HMIFEH Crude protein 36.1 39.1 42.0 44.9 47.9 51.0
MRS Crude lipid 15.1 15.0 14.9 14.9 15.0 15.0
K4y Ash 8.8 9.5 10.4 11.3 12.1 12.7

TE R A ML 1 68.3% , HLIG 17 8.6% 5 65 /K A4k - KL 14 66.1% ML i 7.4% ; X A K  HLER 1 68.6% , HLAG DT 14.5% 5 KM  MLER
46.5% , FLAR T 1.8% ;" FWUREHELAE 0740 B RIZE A 38 BOR AR, 07 4 B BUR A (mg/kg TBE) < BRAREE , 1 200; BRARHA , 10 BT IREK , 805 iR BF
50 BB %R 45 5 AL (19) , 505 BUERSS (19%) , 605 W BN (19%) , 205 Wb 405, 3 485; 4825 ZEBURA (me/kg 1AL 4R H B, 25; B # %
(80%) ,45; 428 B (FRIRMLIE BT ) , 20 464 K B ,, 10; 48R ZK K, 105 UL, 800; 44 3 B, (122 ) , 60 MHR , 2005 MR, 205 4K (2%) ,
60; 4EA 3R A 32 4R R D, 55 484K E, 240 LA IEMEMR, 35 4E4: 3K C,2 000 BUWET4ER , 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/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/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, 2 000; microcrystalline cellulose, 1 470.
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Tab.2 Formulation and proximate composition of the experimental diets for estimating the

lipid requirement (dry matter basis) %
JEkd S} Diet

Ingredients L09 L11 L13 L15 L17 L19
A A1) Peruvian fish meal® 25.0 25.0 25.0 25.0 25.0 25.0
65 Mg 7K f k5 Fish meal 65 20.0 20.0 20.0 20.0 20.0 20.0
XK Poultry meal® 14.5 14.5 14.5 14.5 14.5 14.5
T Soybean meal* 3.0 3.0 3.0 3.0 3.0 3.0
T4 Wheat flour 10.0 10.0 10.0 10.0 10.0 10.0
THEREF4E Microcrystalline cellulose 19.5 17.5 15.5 13.5 11.5 9.5
K I Fish oil 3.0 3.0 3.0 3.0 3.0 3.0
KGN Soy lecithin 0 2.0 4.0 6.0 8.0 10.0
Tl Premix” 5.0 5.0 5.0 5.0 5.0 5.0
b oy
HMA M Crude protein 42.1 42.0 41.9 41.9 42.0 42.1
MU Crude lipid 8.9 11.1 13.2 15.0 16.9 19.0
JK4Y Ash 10.4 10.3 10.5 10.1 10.4 9.9

TR FAR 1 68.3% LI 8.6% ;65 /K ALK  HLAE 11 66.1% , HLIG NG 7.4% ; A5 A 5 - LK 171 68.6% , KNG 7 14.5% 5 AR AL 4R 1
46.5% , HLIG U7 1.8% ;" TR EMLIE 0 4 BURIZE A= R FOR AL, 07 W BUHUR A (me/kg TUER)  BRAREE , 1 200 BRI , 10 BRAREK , 805 TR BF ,
505 Bl 455 AALHE (19%) , 505 BRES (1% ) , 60 SEAMARH (19%) , 205 Wb A1 83, 3 485 4EHE K URKL (mg/kg TRL) :4EAE R B, 25 B R
(80%) .45 4E2E 2 B, (RRIRILISTEE) 205462k 2 B, 10464 2 K, . 103 UBE, 800 462k 2 B, (IZ0) .60 R 200 R , 203 A (2%
60; 4EA KA 32: AR D, 5 4EA FE E,240; LA SEME, 35 414 F C,2 000 BUMEF4ER 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%; "Premix consists of mineral and vitamin premix,
Mineral premix (mg/kgdiet) : 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(10,), (1%), 60; Na,SeO, (1%) , 20; Zeolite, 3 485; 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, 203 biotin 2%) ,
60; retinyl acetate, 32; cholecalciferol, 5; a—tocopherol, 240; ethoxyquin, 3; ascorbic acid, 2 000; microcrystalline cellulose, 1 470.

1.2 FEXW 34 °C, iR 20~25, %A >7 mg/L, pH 7.5~8.0, & & <
FRHH LI AR R A R S AT . S 0.4 m/L, WEAERER<0.1 mg/L.
W EBHE B, R A TH—XEA, L5 1.3 HRRE
FrbG Z A7, FHR 4 R GBCRE e 106 5 R 2 57 SEYR AR, L AR 24 h HURERT, T
Febn ML (1 42% MR 119%) B FRL b2 e, & (99% 46, E 254 A b A BRA A,
fiff S £0 35 N FRAE A BT . R E AR OR O BTEAREE Y 110 000) BREESE S 1, % B4~ A
FE A FRIE SRR T A6 Z B0 K e A P TR PR TR A K . S L B
24 h, B, & ANEREMFETRENPEE ARV 3 B, -20 CIR A7, H TR
1920 B R/NVAIFR MRAS @ Se g [ 3R /R e B IAE D5 B3 R A, 43 ) D et LA o o A4k
RIS (149.300.68) g R K &, FHLATHEACIREE SRS AE vk LAl T PRk ]
WG TR i (149.8040.46) g |, JFRENL  FUFMEIFEFREE , 23 B H R REAR LLAIA LE
SPEC TP SEE 4 A SR A (K xFExk= 1.4 ERESHH
2 mx2 mx2 m), B AL A H A 802, 0 R 0 i) RLE R R 43 43 B #4R FHAOAC
ASSZEG 53 BN S I FE B AL 4L, IR o3 IR kI Ho K SR FE EE A A (105 CHET,
AN 6 FPAS [ LI e, B Ab 4N 72 h) 3 A B R AL EG e 008 I 2 (FOSS /A Al
FeR U s 8 R . ARy WITE08: 00 Al 2300 BUAE 1 A ShAr A AR, Hi i) s LI 7 L 7 P R
17:00 FEATHME IR BRI B J5 , HFHGRIIEFR KM AR [l #2350 & (SR H] BUCHL A 7] 36680
H o, BRGEITA WA MBS R SRIERE e BRI 1) s KA R KB (46
BOH BT KA . SR DI O K 28~ SUHLBH Y 550 °CL 16 h).
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KPS, WAFTE A, %o s Wey WG A %5 So WFE
FEA AR %ld; Fop MR REG PO R, %/
d; P R A FHUURR %05 Ly BRI TUARER, % 3 A, 1
AT R IR RN K B A AR B 5 00, F 0,50 1) JE:
IR FAR W R T, o3 WA W43 51 24
BRI ZCR B AR R i, g5 0 JE R AE KA D,
PR, o (THIRT) s P, PN P 3 52T 46 fa
(%) KA AR (%) MR (%, TY15) FE A
i L LA L 53 ) SRR IR Ak (%) (AR Ak
(%) FVERE( %, T 9050 (R R &5

C, =100x W, /L> (8)
Hy=100% x W,/ W, (9)
Vy=100% x W,/ W, (10)

AP CoM BT gfem® s Hy WK EL , % 5 Vi R E
R, %5 W, A AR o5 WORD W, 40 5] SR I AR
DI AT B 2, g5 L, M AR K eme
1.6 #IESH

AT Bt % I R = 2 AT g 1o i AnAE 1
2 1) 2 5 LU, ol FH) T RV ERCHEA T — JBE B A2 1T 5 43
Bro MBERLP /N T 0.05 B, R B A
multcomp ¥ cld pRELFEAT Tukey’ s 22 8 P L 4K .

PR LAY P/INT 0.05 B D2 ] 22 53 40K
F o SRAE RN RYRER i i 5k 25 70 BT (Residual
analysis) #EFTHE 5, Bl : 26 P 5C &R (Linearity) ( IEZ
P (Normality) Fl J7 2% 5% P£ (Homogeneity of
variance) o FE T HY T A W, 1Y B 8 AR TS
KT, MR A4 easyreg ) regplot PREL T
TPl (Linear plateau model) L5704 o

2 45

2.1 BEHEKRHAR
2.1.1 AKhe

T ek v AS T B FH 7K ST o 2R 7 0 R
FRR(P>0.05), W33, BEE AR K
() T, IR AR T i | 3 SRR R A K R A Tt
T ERa, Hivh P42 P45 P48 I P51 Ab B4 (14 4=
Kt RE 4 3 1 T P36 Ml P39 4b 4 (P<0.05) .
2145 kL R K N 36%~39% I, B R0
F 2 FIFAELE 2.3%/d 47 (P>0.05) 5 i %5 & H
KRBT 5 kB 42%~51% i, AR
MR L (P<0.05) I AEHEFE 2.2%/d 7247 o Tk}
F B A R R KT T S SRR AR R
Hir P42 P45 P48 I P51 AbFRZH Ay k) £ 5003
FKT P36 A P39 AR FHA (P<0.05) . FITLATR
B 2 R} P R FKOE B T SE T A,
P42 Kb BRZH Y B A DTRUR A e i 3 v T
AL (P<0.05) o JE Wi DUFR bl %5 1 b} o 2
F K B T e Tt Je P AR, e P42 P45 P48
HIPST Ab B AL A B i 0 B R (H 8 3 5 F P36 Al
P39 4bBH2H (P<0.05) .

®3 EARPAREBKFLEEFE . AR EREFRGERF AR

Tab. 3 Effects of graded levels of dietary protein on the survival, growth performance and feed utilization of snakehead

T Trems JHa AR Diet AR
P36 P39 P42 P45 P48 P51 Pooled SE
AET5 % Survival rate/% 99.7 100.0 99.7 99.4 100.0 98.8 0.38
W4 & Initial mean body mass/g 149.7 148.8 149.1 148.9 149.6 149.4 1.86
ZANRF & Final mean body mass/g 389.3° 465.8" 53¢ 532.8° 530.8° 533.3° 3.67
1T % Weight gain/% 260.0° 313.0" 357.2° 357.9° 355.1° 357.0¢ 478
P Feed intake/(%/d) 2.3 2.3 2.2 2.2 2.2 2.2t 0.02
Tk 2B Feed conversion ratio 1.5° 1.3" L1 L1 L1 L1 0.02
R KR Specific growth rate/(%/d) 1.7 2.0° 2.3° 2.3 2.3° 2.3 0.02
I UUBL Protein retention/% 35.7" 38.3° 41.4° 38.0° 34.9" 33.3° 0.50
NE W LALK Lipid retention/% 40.8" 454" 52.6° 51.0° 51.6° 52.6° 0.72

T« Al — 47 o B AN ] _E bR 7 R BB ) A B P22 5% (P < 0.05)

Notes: Values in the same row with different letters are significantly different (P<0.05).
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L ¢ i Optimal protein
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(a) AR R A/KTE LR & = 4 [ 5 54

Regression analysis between dietary protein
level and weight gain of snakehead

WEZE Weight gain/%

®

= 457 )

8 y=-129+7.96x—0. 094 x

= R?=0. 761 :

£ 40 |

[0}

&

5

8 35 .

E i . e

M 30 ¢ D BOEEREKT: 42.3%

=8 i Optimal protein

= level:42. 3%

{I 25 - - - / . . - )
M 33 36 39 42 45 48 51 54

FRIE H/KF Dietary protein level/%
(o) PR EE K-S &M E A URE N EB S5

Regression analysis between dietary protein
level and protein retention of snakehead

E1 AithEaKkESLEEER(a)/
EBMRE(b) XRUUESTH
Fig.1 Relationship between dietary protein level and
weight gain (a)/protein retention (b) of snakehead
fed the experimental diets

2.1.2 R4 RE R

T ek v AN ) 2 1A 7K ST ot 4 0 A A 20 B, 40 4%
KAy KL 1 CHLAS W AN K 43, 26 3 T 5
(P>0.05), W% 4.
2.1.3 JEiR$EPR

Tk v AN [ 2 14 KO S 46 6 A TR AR TS L £
55 N B2 EAA LU RN AR L 55, 35 T b 26 M 52
(P>0.05), IL# 5,
2.2 FERAER#R
2.2.1 HKE

Tl v AT g 15 7K S %o £ A7 2R A
S (P>0.05) , W3R 6. Bl 5 1RDR IR 1D 7K 7 1Yy
Fhim LR i 3 E R AR A KR T
JakasE , ol L15  L17 1119 &b B4R i A4 K M fE
Y98 3 00 F L09 . L11 Al 113 4k B 41 (P<0.05) .
Y fa R I W K 9%~13% i, A R0 B 3
25 IR ETE 2.5%/d 7245 (P>0.05) 5 Bifi % 17 R}
B K- AR SE T i, i85 15%~19% ), BB R
PR 35 R B AR (P<0.05) I B 52 7E 2.2%/d 2244
ek 2 R DR B U KT T e SERRRS
FasE , Hirh L1517 F1 L19 &b B 20 (14 47 kL 22 51y
KT L09 . L11 A L13 44 (P<0.05) ., &
DUBLUREE 2 R IR I K/ TH s, e T s e B
FE, HoA L15 L17 A L19 kb B 4H 14 8 A TR 1Y
WEETL09.L11 A L13 4 H4H (P<0.05) . JENT
DUBLR B 2 T AL B K B T 5, e Tt s Je
1%, e L15 b 320 i B 7 DOAR 380 e e O b 35
7T L09.L11 . L13 FIL19 Zb¥2H (P<0.05) .

=4

TR} R R [B) ' B 7K 3 Sk 8RR 4B B B RS 0

Tab. 4 Effects of graded levels of dietary protein on the whole—body proximate composition of snakehead

FH AR Diet BIFpRELR
i H Ttems -
P36 P39 P42 P45 P48 P51 Pooled SE
7K43 Moisture/% 68.1 68.1 67.4 67.4 68.0 68.2 0.28
F A M Crude protein/% 19.0 19.0 19.0 19.0 18.8 19.0 0.07
HLHE Wi Crude lipid/% 8.0 8.0 8.0 7.9 8.0 8.1 0.07
K5y Ash/% 4.4 4.4 4.5 4.2 4.4 4.4 0.11
x5 ARPREEBKENLERERERAZN
Tab.5 Effects of graded levels of dietary protein on the body indices of snakehead
FH R Diet AR
i H Ttems .
P36 P39 P42 P45 P48 P51 Pooled SE
A3H % Condition factor/ (g/em®) 1.7 1.6 1.7 1.7 1.6 1.8 0.07
HEAA L Viscerosomatic index/% 7.5 7.9 7.6 7.8 7.6 7.9 0.18
JFF{A L Hepatosomatic index/% 22 22 2.2 22 2.3 2.1 0.03
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Tab. 6 Effects of graded levels of dietary lipid on the survival, growth performance and feed utilization of snakehead

SR EL Diet A IFbRiELR
T H Ttems
109 L1l L13 L15 L17 L19 Pooled SE
AE 15 2 Survival rate/% 99.4 99.1 99.7 100.0 100.0 99.4 0.45
WG B Initial mean body weight/g 147.9 149.1 149.9 151.3 149.7 150.8 1.09
LA RSF R Final mean body weight/g 325.0° 372.0" 459.8° 530.0" 531.8¢ 531.3¢ 4.45
BAH R Weight gain/% 219.9* 249.5" 306.6° 350.4¢ 355.41 352.3¢ 3.93
P Feed intake/(%/d) 2.5 2.5 2.5 2.0 2.2¢ 2.2¢ 0.03
Tk} 2 %0 Feed conversion ratio 1.9¢ 1.6 1.4 1.1° 1.1° 1.1¢ 0.03
HEE KR Specific growth rate/ (%/d ) 1.4 1.6" 2.0° 2.2 2.3¢ 2.2¢ 0.02
TR Protein retention/% 24.0° 27.5" 33.4° 40.1¢ 40.9¢ 39.6¢ 0.56
BT HTAE Lipid retention/% 40.1° 429" 43.4" 52.0° 49.7¢ 45.9 0.69

L : Al — 47 o B AN ) _E bR R A EUE ] B A B 5 22 5 (P<0.05) ¢

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

P2 [l A Y JL A A PR RE (TR 2) , AR H5 4
FOR MR DU R ], 2R s bk vb IR iy
() s T =R A 43901 A 15.2% F115.3%

400 1y —354499. 4(x—15.2),x<15.2
8 y=354,x>15.2
=] ]
£ 350 | R?=0.976 o !
o .
=
& 300 :
2 :
| Barge .
¥ L BOEJREAKTE: 15. 2%
i 250 i Optimal lipid
Hu :/ level :15. 2%

7 9 1.1 1.3 15 17 1.9 2.1
BEIBLIE R K Dietary lipid level/%
(a) TR RR K5 2080 2 2R (K (5] 5 AT

Regression analysis between dietary lipid
level and weight gain of snakehead

xR

~ -

g 15[ y=40.3+2.71(—15.3),x<15.3,

£ | y=40.3,x>15.3 . :

2 4071 ge=0. 958 :

£

c 35|

2

+ '

230 g

" IREAERTACY: 15. 3%
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Fig.2 Relationship between dietary lipid
level and weight gain (a) / protein retention (b)
of snakehead fed the experimental diets
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Tab.7 Effects of graded levels of dietary lipid on the whole—-body proximate composition of snakehead

- SEHR AR Diet B I bR
15 H Items .
109 L1l L13 L15 117 L19 Pooled SE
7K 43 Moisture/% 69.4° 68.9" 68.4 68.2" 67.6" 67.3" 0.15
LA Crude protein/% 19.1 19.0 19.1 18.8 19.2 18.9 0.08
MBI Crude lipid/% 6.6" 7.0 7.45 8.0° 8.5 8.9 0.08
JR4Y Ashi% 4.6 45 4.4 4.4 4.6 45 0.10
T« [ —A 7 HAT AN IR] b B 08 B ) AT W 35425 7 (P < 0.05)
Notes: Values in the same row with different letters are significantly different (P<0.05).
*8 {ARRARE R K FEILER A RERA RN
Tab. 8 Effects of graded levels of dietary lipid on the body indices of snakehead
YKL Diet B IFbRiER
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L09 L11 L13 L15 L17 L19 Pooled SE
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AT L Hepatosomatic index/% 2.0 2.1 2.1 2.2 2.3% 2.4° 0.03

L Al — A7 o B A AN ) _E bR 7 R A RSB ] R AT 8 3 22 5 (P<0.05) ¢

Notes: Values in the same row with different letters are significantly different (P<0.05).
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Optimal protein and lipid requirements of snakehead, Channa striata,
during the grow—out stage

LI Yanxian"*?, WANG Xiaodong*, HU Haibin'®, ZHANG Jian’, MEI Yigiang’, PAN Leilei’, JIANG
Ruili’, SONG Tao’, YUN Biao', ZHUANG Jiecheng’, XIE Shouqi*, QIAN Xueqiao'*

(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. Technical Analysis Center of Yantai Customs, Yantai 264000, Shandong, China; 5. Guangdong Hinter
Biotechnology Group Co. , Lid. , Guangzhou 511400, Guangdong , China; 6. Key Laboratory of Microbial Resource Management
and Utilization , Ministry of Agriculture and Rural Affairs, Guangzhou 511400, Guangdong, China)

Abstract: Channa striata is a high-value, carnivorous freshwater fish species widely farmed in the Southeast
Asia. However, its basic nutrient requirements during the grow-out stage (body mass> 100 g) are largely
unexplored. In this study, we first explored the optimal protein requirement of Channa striata. Six isolipidic
(15%) diets with varying protein levels were formulated by adjusting the fish meal inclusion level. Fish with
a mean initial body weight of 150 g were fed these experimental diets to apparent satiation twice daily for 8
weeks. Our results showed that the growth performance and feed efficiency of Channa striata improved and
plateaued while the protein retention increased and then declined, as the dietary protein level increased from
36% to 51%. Using the weight gain and protein retention as response variables, the protein requirement of
Channa striata was estimated to be 41. 5% and 42. 3%, respectively, by the regression analysis. We further
explored the optimal lipid requirement of Channa striata based on the protein requirement result. Six
isoproteic (42%) diets with varying lipid levels were formulated by adjusting the soy lecithin inclusion level.
Fish with a mean initial body weight of 150 g were fed these experimental diets to apparent satiation twice
daily for 8 weeks. The results showed that the growth performance and feed efficiency of Channa striata
improved and plateaued as the dietary lipid level increased from 9% to 19%. In contrast, the lipid retention
increased as the lipid level increased from 9% to 15%, but declined as dietary lipid further increased. Using
the weight gain and protein retention as response variables, the lipid requirement of Channa striata was
estimated to be 15.2% and 15.3%, respectively, by the regression analysis. In conclusion, the optimal
protein and lipid requirement of Channa striata during the grow-out stage was estimated to be 41. 5%—42. 3%
and 15. 2%-15. 3%, respectively.

Key words: Channa striata; grow-out stage; protein requirement; lipid requirement
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