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Table 1 Ingredients and composition of five
formulated feeds (air-dry matter) %
i H Item 413 Group —
Fl1 F2 F3 F4 F5
a8l JF R Ingredients
W4 [ Casein 40 40 40 40 40
/NEFER Wheat starch 40.5 37.5 34.5 31.5  28.5
fih Fish oil 3 6 9 12 15
a-JEH o-Starch 5 5 5 5 5
448 & Cellulose 9 9 9 9 9
Z 4k Vitamin premix 1 1 1 1 1
%" Mineral premix 1 1 1 1 1
Ca(H:PO) 2 0.5 0.5 0.5 0.5 0.5
AL
Proximate composition
KAy Ash 6.3 6.3 6.5 59 5.9
M EH Crude protein 32.4 31.5 31.8 32.1 324
HLUIE W5 Crude lipid 3.1 6.2 9.4 11.9  15.2
JK 4 Moisture 10.4 11.2 9.8 9.4 10.3
12 R

G E L CPIRTTR Y 3 9 A%,
PR Az Z il Sk R g Rl T S gl . R E KSR T
BT TR B AR BSR4 S8 EYIFRIIE S H K
fief 2% i RN R M FC 45 BRRE O A9 O 2 i AR 7 Y 43 B

R IR A 2 J LB 5 4R AR SR IR A
JE R,
1.3 FEEHE

1 B 1A 50 7 Sk KA T R VA S 5 3l vl I D
R AT BRI A R UR AR R (4.28£0.02) g (3R
2), 500 5 4L B 3 A WA B A AR 20 )2
P4 R F R 60 em X 60 ecm X150 em, ¥ WIE] , &
KAWL 2 YK (08:30,16:30) , A UAEA P4 5 i 1 M2
33 LA /NE NI 5 S o (D 'R D . R
AT TN BB P A, SR T 8 JH . 57 H
[E], 7Kk (24+£2) C L% # 5 mg/LZ I,

14 HARE

FRFE I AT 5 PRI ) (0,01 26 R UKk 2 1)
P 24 h (194 G A0 RIS 8 SR PR AR 0T &L L 0 6 AR
KAgbr. 3005045 o5, BRI v Bl LAl B
3 R RAFAE —20 °C KA 700 22 4> fa iy A 4k
B s BEAS AR 5 B0 3 o A L ST IR o L
F ORI L AE b O ICE 8L, A A SRR IR
Hh A TGECE TR A T R Z SR IR AR AE — 80 "C UK AR
g . o IR AR 0 T Ak T L S

SPUEALTE AR . B AU T 00 T AL e
SR AS T T D00 2 9 1 I TR A ol 1R Tt 0 e 2l TR
Tt 14 % 1 55

1.5 #EHRilZE

DAERKPERRIME ., 4 v f)iHE R (weight
gain rate, WGR) ., #f & 4= K % (specific growth
rate, SGR) Bl Z 1 (feed conversion ratio, FCR) .
T H R (protein efficiency rate, PER) | JF 14 He
(hepatosomatic index, HSD | il i Z (survival rate,
SROFFA KRR AX SIS ], HEE
H (daily feed intake, DFD & AT .

HE & & (DFLL, %/d) = 100 X (W, —W,)/
[t X (OOW, + D> W) /2]

A, W, g SRR B B R, g W, O AR
BB S BT g SW, W ZOR AR SRR g SW, R W)
IR AR BB g5 IR KA. d.

2) A ARSI 1 A N 4 A 4 f A
B A= AL A3 AN K 43 B 43 KRLEE R I 00 4 R
FHRL 1 [ K bR HEHEAT, UL GB/T 6435 —1986,GB/T
6438—2008.GB/T 6432—1994 .GB/T 6433— 2006,

3D TH ARG I 1 5 e B R TR AR I E . R
FHAR G0 & (g A e R st A A ) AR ST D
HEATI E BT B W T . o I AL R A
HEEBCE) JEE AR D IR CE .
JHRIE) V€ #53 il (IR 46 5 i 5 p0 A 48 A AL 46
JHERE L o 21 200 R 1 B B2 B Cacid phosphatase,
ACP) | Bl 4 %5 FR B (alkaline phosphatase, ALP) J i
B (lysozyme) | 4 48 Ak ) 8 {E i (superoxide dis-
mutase, SOD) | & bt H K 1 % 1k ) i (glutathione
peroxidase, GSH-Px) | i $T %A 1k JJ (activity in the
anterior intestine, T-AOC) | i %8 b & l§ (catalase,
CAT) .H ¥ (malonaldehyde, MDA ) %,

1.6 Zita#

K HH SPSS 16.0 #4 x4 i 55 %5 48 i#£ 17 ANOVA
ZrHr Al Duncan’s Z E K. P<0.05 FnERE
=, LUREEHIE K P 5 WGRLFCR 1R it £ [l 13 43
AT B0 2 4 A ) v B 0 i U S O

2 #RE5H

21 AEAMKRASESENEREENERR
A%

B AN [ 7 K 7 1 4R 3R 8 A e L
Az A P R R BT B AE LR 2, AN TR DR R A Y AR
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HRBEHDELES . N 84%~87% ., Y1 kg Wik
KN 3V ~6 Yt Akt ) H R R, Y
TR W K A 3% ~15 % it , WGR,SGR il PER
e BT T, WGR A SGR 7E 9 % R i 7K SF B
IR B R AH L 2 = T RDRHR D 7K SF- S 3 %6 it 6 06 1
2 g Y 4R RIS D7 K SF- R 1200 i), 4 8% fa 1) PER
KB R AH . 3 & T RRHR KO 3 %6 i i 5
s FCR W S HAR S @, e T RBea BT, Dbk
A IOVMEIKT F3 /N, B ERTEE 3%
BE Wi K-/ F1O4H. ek, HST 78 AW b 7 45 R BE
5 7KSF-2R 15 % 1 F5 4l fa iy HSI &3 KF F1 f1 F2
M, ARG IR, Y ERE K TE 9% 2R,
& o fh oy £ A R RCR

5390 LA 43 55 0 ) #0031 i AR EDRE R B8O PR S B
Cy) s IR 7 K7 B AR (o) o 4 2 T 4R 0T 13
.y = — 2.98273 + 38. 82049x — 2. 42797x° +

0.041072° (R* = 0.972) Fl y = 2.26488 — 0.31126x +
0.02873x> —8.37188e —4x° (R* =0.999) , 4 Kkl g
5 KSR 11,0 Yo, 4 5% £ 14 38 B R 0 K5 24 1A R
5 K-k 8.6 YO, 4 B fa 1 TR R Bl . 25 b
4 0% 0 4y 0 ) RE I E B RR WU i i E 8. 6% ~
1LO%ZES.
22 AEARRBEASHEENELRS

Gt ) AR A WL 3. YAk IR
FIEN K S A 3% ~ 15 % B, 4 5 (1) 7K 43 L 2K
F RG22 Ak i 3 5 MUAR D AH 5z . 25 k)
WM 3% BRI BT F1 24 Y K oy F B T R
R KSF-h 12% 1 15% /) F4 AT F5 41, HoHL & A
T m T AL 4 AL RS KR 9% ~
1501 F3~F5 4 i M i 7 2 1 ) b 2% i T %
g Wi ZKSF AR RE Y 2 e 4 (F1 i F2 4D, 9f H,
F5 4t Cr kR 5 K7 215 Y0 (R fEL g D % 1 1 3

®2 sHEMEKEREMAMMAR

Table 2 Growth performance and feed utilization of juvenile butterfish fed diets with different levels of lipid
R AR bR 5] Group
Growth indexes F1 F2 F3 F4 F5
VAR /g IBW 4.2940.02 4.2940.01 4.2840.02 4.2840.02 4.2740.01
Kk Fiht /g FBW 8.08+0.10¢ 9.774+0.22b 12.3440.29a 11.63+0.26a 11.7140.18a
HER/ Y% WGR 88.40+2.36¢ 127.77+5.44b 183.82+1.25a 177.00+2.55a 173.00+3.56a
R ARYCE/% PER 2.11+0.17b 2.6440.16a 2.70+0.04a 2.7940.09a 2.6220.06a
FE KR/ % SGR 1.1340.02¢ 1.4740.04b 1.86+0.01a 1.8240.02a 1.80+0.02a
A& ut/ % DFI 1.7740.00b 1.7540.00b 1.98+0.00a 2.0840.00a 1.93+0.00a
THEHZRE FCR 1.60+0.06a 1.2540.07h 1.18-+0.02b 1.2240.02b 1.23+0.02b
BUE %/ % SR 85.33+1.33 84.234+2.31 86.67+3.53 84.00+2.31 86.67+5.81
JFER L/ % HSI 1.60£0.09b 1.83+0.05b 1.98+0.12ab 2.3640.07ab 2.4740.09a

TE : [FAT AR TE AN A) 7 B 7 3R 7R M L TR AT 35 P 28 5 (P <<0.05) . R,

Note: Values with different letters are significantly different

in the same row (P<20.05).The notes of the following tables are same with this table.

®3 BEAREWAKFANNEEGGEHELRS (RTER)

Table 3 Body biochemical composition of butterfish juveniles fed diets with different levels of lipid (dry matter) %
215 Group K4y Ash MR Crude lipid #HLE I Crude protein JK 43 Moisture
F1 3.07+0.05a 4.584+0.32d 18.33+1.11a 74.6940.13a
F2 2.9640.03ab 5.7540.28¢ 16.79+0.26b 72.96+0.49ab
F3 2.9540.12ab 7.49+0.11b 17.14+0.77b 70.4941.15b
F4 2.70£0.05b 7.85+0.18ab 15.76£0.15b 70.3940.27b
F5 2.53£0.01c¢ 8.6440.20a 14.82+0.42b 69.3340.48b

TR 07 KPS 900 /9 F3 4.

23 AEABRRAESSH AR ELEEE
G 3048 T AL FR G AL B S A DL I 1~ & 3,

M 3 I T A BRI W K B T i T G L
THE TR A b LURER S B K- 90 89 F3 41
01 i I T T A A s S 3E R T AR OREIE K CF
3%0.6 %0150y H At 3 ZH (& 1) s 7E il v LA
W5 7K ¥R 6 06 1 2 4 A0 04 i 17 T 5% 4 e vy o L

TR KSR 3% 1) F1 41,70 F2~F5 41 18]
TGS 2 2 5 (B ). IR RS 197 it 305 4 A 45 4 18] O 1
FESE D, AL A FEEDR 2 608 | E R E
B B T P (IR 2) LA K% Bl L b 0 5 A
T CPE 3) AR L A) G 3 25 5% .
24 AEARMERASNEZIRENLEE

4 o £ &) £ T IO 0 g 3 1 G 28 5 B S AR A B AL
FA, TENFNES , ALP A1 ACP 3% 1 75 4% 40 22 6] G
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Intestine

41 41 Tissue

Stomach

AR 20 24 rh, A b bR R [/ 5 B 35 3R R M HL ) 22 5 W
(P<20.05) , Jo 5 BJ- A 1 3 A L ) 06 & 3% 22 5 (P >>0.05) . Val-
ues are Mean+SE (7 =3).In the same tissue,bars with different
letters are significantly different among groups (P<C0.05), and
bars without a letter are not significantly different (P >>0.05).

1 AR B B Ak R
cReHET BHEFMAREREES

Fig.1 Activities of lipase in stomach, intestine and liver

of juvenile butterfish fed diets with different lipid levels
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Fig.3 Activities of amylase in intestine and liver of

B 3

juvenile butterfish fed diets with different lipid levels
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2 41 Tissue
AH TR ZH 2, 45 Gk 4 8] C W 35 M 25 5% (P >0.05), & 3 [,
B E IR R T R T

same tissue, there were no significant differences among groups

In the

(P >0.05).The same as Fig.3.In stomach the pepsin activity was
determined,and in liver and intestine the trypsin activity was de-
termined.
2 BEAREBRKEANNESEHET.
BAE AT E & B B R %
Fig.2 Activities of protease in stomach, intestine and liver

of juvenile butterfish fed diets with different lipid levels

EEERERIE PS4 MR ALP IS PEIR G B E
M2 S (A, R IR W K AR 9% i, i iE
ACP I P R0 WE o v B8 05 M, B TR
F4 2 AhEHAth 3 41 (P<C0.05) .

kA 5 K 7 0 TEXEIFIE SODL.CAT .GSH-
Px W0 A AL T8 br 7 A W25 5 . FARHAR D K Pl
12 % i 4 B 40 1FIE SOD 35 % 8 % & T Hifh 4 4
(P<C0.05) , 1fif 45 B4 05 7K -k 9 % 19 4 6% 1T Wik
CAT H GSH-Px {if 1 f5c i » 34 .3 = T 1RDBHIG 197 7K
KR 3Y~6 Y BRI, T-AOC % P78 45 41 17] 6
WS, RS RIS K E BT 4 fa i E
WS RN W BT e, DUEDEL R 7 K F

R4 WBEMKkENEHGHERTE FERESRHELERNOIZNE

Table 4 Effects on immune and antioxidant indexes in intestine and liver of butterfish juveniles fed diets with different lipid levels

o 5 B pi A AL TR A ) Group
Immune and antioxidant indexes F1 F2 F3 F4 F5
7318 Intestine
W T Bl R i G 1/ (U /) ACP 16.6240.46b 18.690.65b 21.3740.80a 20.84+0.42ab 16.8740.17b
e P Wl R G 1/ (U /) ALP 13.181.42 15.2241.23 15.2441.67 12.6340.84 12.550.64
HFIE Liver
W T Wl R A S 1/ (U /) ACP 25.304+1.67 25.6541.60 29.4440.35 27.8942.41 27.36+1.47
B MEBERR B IE £/ (U/g) ALP 24.16+1.05 27.71+2.83 26.52+0.84 25.7141.95 26.90+1.17
WHM/(U/g) Lysozyme 12.17+1.11b 17.5341.45b 20.1341.30a 19.7842.14ab 14.2340.92b
HB ALY LR/ (U/g) SOD 125.41+21.01c  191.80+13.96c  225.65+28.78b  327.86+4.59a  232.17+13.96b
W E AR/ (U/mg) CAT 52.74+2.57b 69.294+5.50b 84.12+2.41a 77.86£5.66ab 68.43+9.64b
2 beH RS E ALY/ (U/mg) GSH-Px 10.3042.00b 10.9842.34b 17.2541.65a 11.4841.89b 14.1241.42ab
BPLEA J1/(U/mg) T-AOC 2.2040.21 2.8440.23 3.2240.13 3.2540.28 2.15+0.06
P 8 /(nmol/mg) MDA 4.4840.20b 5.1940.43a 6.0240.52a 6.6740.03a 6.8840.53a
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3V I F1 4 fa IG5 % T Hifth 4 4,
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31 emaMERERNEESEKE

WEoE R W], Kt B BRI 5 oK it TRk f,
R EE TREEMEGEMIE, AaREMa
(Epinephelus coioides)"" | 4 H 1 (Rachycentron
canadum )" 45 RE R K £ 2 1 i 7 oK 43 S
N 15200~ 15.4 % F1 150 , 1M 2% B P ¥ /K £ 28 HR 3K
A G . (Sciaenops ocellatus) N 7% ~11 %" 14
B K 8 B WS F A (Siganus canaliculatus) ;
6% ~9%" AHIR, [ Ry A B M K 25 R
0 5% B 5 A58 B R SR A 13,94 %01 L S B IE 11
ZERBR., RS KB, 4 04 o 1) 15 5 R FRR
S8 HE 3 [ TR ) AR W K SF- Sy 9 06 B A B B KA
1717 AHG B EDRE 2R B0 Ik, R WK T 926 19 Bl BHAR s 7K
O e s AR K TR i 2 0 RDEHE 7 Dy iR
PR T R A NS T SR i Bl
I REE L N NI -1 R N2 SR S || | N
BHIE KR 3% F 6 ik ) HiEE 2
FART HA 3 4, ] REJE 1 T3X 2 DR s iy &
s K S T AR M DT R T 4 B fa 4l A
AR A, B 7R 7 T ) ARDRE B LS T R 0 R
A — A FE YRS B KOE & T 3R, %
AR R B B M2 %, R & T 3% 0 EHIE
95 7K o 43 95 £ 4 ) ARDRL R SR S A K, 4k
815 23 B B 485 R A8 78 2 Dk rh s 8.6 %0 ~11.0 %6 Jig
s BF 4 S5 £ &)y £ 7] DA ARAG B A 1) A R R BB R ] )
FH#. GxutaimDR g D5 i3 B 7S I Ak T 8 B
5 T X 2 R VR K 28 2 R B ER/N T
A GG Al 0 55 IR PR K 0 2, 32 B A 2 B I
8 3 P R A L MR U A G
32 {AMBERKEENES &L &EEKS

TEARBEZEH L AE 3% ~ 15 Y% 4k 7 7K F F L 42
e B 7 RS 0 a4 S £0 4 £ FRRL AR D7 B B R4
Fo A8 Fn AL B 2 TH R s s 2 4% 0 HORLIR 05 s L A4 T
R, o R 43 A B 0 1) B AHAS OB i a0, xR e
JE148 (Oreochromis niloticus X O. laureus )t | i i
(Salmo gairdneri RO BE W 1) & 2k T
JREAR A I G5 R TR TR W K P 0 e AR Y
Wt 2R AR NS DTAR . SR, Peres ZEM I AF o8 R 9L, 24
TRHAG 7 K P BT B — E R S BRI BT (Dicen-
trarchus labrazx) WARNE K SEAT T E . AE@2E
B 5E 45 SRAFAE 22 5, AT RE 2 (K A ) o #1128 7E BB

TR R B e AR O T A A 2R R

T3 Ah R s s B A S B e e
Yyt oK 3 ML R K 43 R R BEL R AR M
(Chelon haematocheilus)™™ VE Y (Pagrus major)
4y a1 B e B A A7 HE AT AH DG B 5T 45 R B
WL, Rk 5 KT 4 s 2 T Bt (AORLEE A L
F IR U T R R AL B JILPR i BT, B Tl &
(49 1 I e A\ BIOHEL 2R 1 5T RO Ak RE 2 R] /Y 1L ] 2R
7 2R T R 2H 2R POl 7 HE AR UL P
RBG S R A5 R R B, A w0 4RHAR
KVPa5l kGl ERSEERERLSHET
Rof: 3 1717 638 AR 4 S8 £ 79 UL PR o O
3.3 (AR AR K F Xt & 5k & S A B E 1 8 R

1 R HLBIH 16 BE 1 B, I AL AL i 3 2
PR T ATt £ 28 5 8 R a3 1 I W RE O S TH Ak
it % A 2 VDR O 3 Ak T I P T AR e £ 2R A K
PR . WFSE R A g D B S M S LR R R
107 B SR AR OCOC AR, ELADRHA: BT | i A3 A 34 ) X iR
I T 0 e A R

W E BT A RS X S B R
(O. niloticus) % BT 25 545 715, 16 46 38 A5 D7 i
T 1 B A 105 7K1 1 T S B TR R R AR . FEAS
WEFErh, Sl i B iz 1 i A D e 0 1 3 X
—IG . SR, T NSRS X 6 AE A B oY R
B, FCAR 107 e 0% P 5 AR IR K A oG, B
IR B ST R, 0 R 28 0 AR KB B A W) T R A 2R A
PR 17 7K S 742 Ak 8 e by A B 22 S . 4 S fRLTH
A8 B s e M ER e SRR U R
TEONIEBE 15 ( Trachinotus ovatus) T WA &L 0 B
FEARIE Y R W] W 3 2 AR s T A i b
Bz I RE U T T TE A5 4 R O G W 2
S A BE 5 I Y 32 22 B8 2 i I 2 WA A G, HOFR
ELHEZS 5 1R 5 09 T A WU 5 it )57 T A 18 b 32 3 IS
Wy o A e — 2 g Ak, 2 5 0 s . BT R
i 44w DRHIR 5 7K OF A R T A 4 S A 4 £ T Ak
TE B G 7 T L S AR TR DT T A WO Bt A A
34 ARERKEZMERENEERITANEE

T RHIE 7 7K V- 235 52 e £ 28 R R S VR SR R A
—J7 RGOt 2R SR A RE 5 5 W IR TR L Y
kel ep g 7 B i AR AR T BRI R (EFAs) &
AT R TCIE R AR XT EFAs A 2K . TS 3
f R G s AP A AL BE ) R R . 5y — 7, R R
JUHZE Z AR RIS D5 R (PUF A AR ] o 72 v &5 7=
AL A R T R (MDA 55 3 S8 W) BT 2%
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xof g A s A AR B 0. BT DA DR R RS G
ST 23 % 0 R B 5 55 Bt ALK g ) B TR e, £
Wy ALRE T IR 8 AR AL SOD. CAT.GSH-
Px SEMEGHE AR AT 5L R ) BE 2 1 IR B
BP0 ) ik E AL A (H, O,) %58 E b ¥ B 3t
AL, S BT A )T D S i g AR g8 F AR B R S bR
FLBE 1 B BN T MDA 2 i 5 5 A Ak B v i
SR Y, S B T 2 WG S5 oo AEU A sy 1 o
AL B R FEARHIESE 4 A 4 a0 BT DR
SOD.CAT #l GSH-Px i 4 7& 1 £t fg 7 /K °F R
9 %6~ 12 Yo b 35 B R KT o T P U B kB A R
IRt J7 7K S %) 388 Jan i AS e b T, % BRI R i 9 96 ~
12 % NG Wia Bh 36 58 4 8% f0 4 fa i B Ak RE 1 T
Ik 5 A A 0 S A 2 o i R RE g i R AR A0
FEIE W TRRIEA B 2 i A Ak ) /R . A0 R s
7 £ 8 o i 5 1 2 i S Ak R B TE A DG e R L AR
AR 05 7K 1 B 3 0 2 058 45 5 A4k 7 2 3 T i
R

ACP 5 ALP T ZAFTE TEh M & A h, &
BUAR 447 N PR B AR L P 15 £t B R A R AR i b 75
1o Tty HL 27 318 SRR 00 5 22 B0 PR 3 R L B
Iz AT AR R [ AL 2, AT il IR R
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Optimal requirement of dietary lipid for
juvenile butterfish.Scatophagus argus

YOU Cuihong LIN Siyuan WANG Shuqgi LI Yuanyou

Marine Biology Institute of Shantou University/Guangdong Provincial Key Laboratory
of Marine Biotechnology s Shantou 515063 ,China
Abstract In order to determine the optimal requirement of dietary lipid for butterfish (Scatopha-
gus argus) 5 isonitrogenous diets containing 3% ,6%,9%,12% ,15% lipid levels (F1-F5) were prepared
with fish oil as lipid source,to feed the butterfish juveniles (average body weight 4.3 g) for 8 weeks in
the floating cages in the sea,and the growth performance,immunity and antioxidant indexes and endoge-
nous digestive enzyme activities of the fish were determined. The results showed that both the weight
gain rate (WGR) and specific growth rate (SGR) reached the maximum values in F3 group with 9% di-
etary lipid level but showed no significant difference with F4 and F5 groups.Moreover,the maximum val-
ue of the protein efficiency rate (PER) was observed in F4 group with 12% dietary lipid level,and there
was no significant difference among the F2-F5 groups with 6%-15% dietary lipid levels. However, the
feed conversion ratio (FCR) displayed an opposite tendency,with the minimum value was observed in F3
group with 9% dietary lipid level and no significant difference was observed among the F2-F5 groups.
The hepatosomatic index (HSI) increased with the increment of the dietary lipid levels and was signifi-
cantly higher in F5 group with 15% dietary lipid level than those in F1 and F2 groups. The dietary lipid
levels also significantly affected the contents of crude lipid,protein,ash and moisture of fish body. When
the dietary lipid level was 9% ,the fish exhibited higher lipase activities in the stomach and intestine and
better immunity and antioxidant indexes in the intestine and liver than the other groups.The regression
analysis of dietary lipid levels with WGR or FCR was conducted separately by the curvilinear method and
the results suggested that the optimal dietary lipid level is 8.6 %-11.0% for juvenile butterfish.
Keywords butterfish (Scatophagus argus) ; lipid requirement; growth performance; digestive en-

zymes; immunity and antioxidant indexes
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