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IKF-A 40% ., 45% . 50%, g i KF->h 8%, 12% ., 16%,
Ay HFRIC Jy PA0OLS . P40L12 P40L16 .P45L8 P45L12,
P45L16, P50L8, P50L12, P50L16. & falkHic ) K
BERAMME 1R, Hd, ok, Ay HE 5L
IR A IR AR, B WK R LT 4E R |
il S EF 2 R A I 32N A2 22 A il A BR ST 28 A

AR TR — iRl Pk AR AR EDH: L B — 3L
(93.0+1.0) g 1Y B B B2 A TS0 00, Fgeiik 3 EA
ST FEAL AT E] 27 4 2 mx2 mx1 m ()2 N K U i
WK, Bt 20 B, /KK 50 cm. SCEGTFHART,
JeR SR 10d, (2 B E N A, SR, KR
Wil 7E 18.5°C Ay, R 35 ey, Wiff%E 5.5 mg/L
Jefq, SEEM 2013 4F 6-8 H H¥4E 83 d, 4K 08:00 Al
16:00 T EHMEMR, M5 1 hE, dsRsREE, Jf
THERGRIE, R RO SRR i, WA AEM, DR IFARE .

13 HmBES5aih
FYRAE S, SRR SR LK 24 h, XA

SCECA TR FRE, PRI ER | RIOR
BB KR BSR4 P BE ML 2 B £
AL 3 ml 2247, ARV E0h 1% IF R #h b e,
IR CE 4 h, 4000 r/min B5.0> 10 min, 43859 I 7S
PRAF T -20°C KA, FHF00 2 1l 78 75 P9 % &l GPT .
B GOT, MEHSE TP, Hh —=f TG.
S EE CHOL, ZEHCHE . . FEENE, M T&
FIfE . JEREE AMS ., RIS LPS 15 P # o

WEAE . WOREL. Ve, TR, BERR SRS [ T 5 4
TIKFERHE A BRA A . R R 2 i, 60 Hid
TR, IRAHAIEM 35%I0 K, F—IIEA,
HPRALE BORAE A 3 mm (K FURL A RE, 55°CHET ik
ANBELE T-20CH8 P RAEEH .

1.2 Wi 5mmaE
Seg ok A ILARRFS B ERBEARARAF, B

1 XWARBEARBSEETYN)
Tab.1 Composition and nutrient levels of experimental diets(% dry material)

JEkt Ingredients P40 P40 P40 P45 P45 P45 P50 P50 P50
L8 L12 L16 L8 L12 L16 L8 L12 L16
a5 Fish meal 48.00 48.00 48.00 54.00 54.00 5400 61.00 61.00 61.00
%78 [ Casein 9.00 9.00 9.00 10.00 10.00 10.00 11.00 11.00  11.00
HWiks Dextrin 28.00 25.00 21.00 2400 20.00 17.00 19.00 13.40 10.50
3 Fish oil 1.80 3.70 5.80 1.50 3.50 5.50 1.30 3.30 5.20
.9 Soybean oil 1.80 3.70 5.80 1.50 3.50 5.50 1.30 3.30 5.20
#:)1& Phospholipid 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
IR Premix? 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
FR FLLT 4 £ Carboxymethyl cellulose 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
A EF 42 Microcrystalline cellulose 6.40 5.60 5.40 4.00 4.00 3.00 1.40 3.00 2.10
Ve 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
JH7 Choline 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
WElR — & 4% Monocalcium phosphate 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
K Nutrient levels
HLZ [ Crude protein 39.97 39.86 41.19 46.47 45.88 46.08 49.82 49.68 51.44
LB Crude lipid 798 1171 1529 716 1215 1529 752 1250 15.27
it & Gross energy(KJ/g) 19.85 2058 21.41 1967 2092 21.69 1998 20.81 21.59
TERELL P/E(mg/kcal) 8425 81.05 8050 98.83 91.76 88.873.0104.31 99.87 99.71
RS PIL(mg/mg) 5.01 3.40 2.69 6.49 3.78 1 6.63 3.97 3.37
1) V, 1200000 1U, Vp 300000 1U, Ve 5000 mg, Vg; 3000 mg, Vg, 2000 mg, Vg 800 mg, Vg 125 mg, Ve 20000 mg, Vi
33000 mg, 30 mg, 10000 mg, 300 mg, 3000 mg, 3000 mg, 1500 mg, 25 mg, 5000 mg,
500 mg, 150 mg, 2000 mg, TR , , , ,

1) Premix V, 1200000 U, Vp 300000 1U, Ve 5000 mg, Vg; 3000 mg, Vg, 2000 mg, Vgs 800 mg, Vg 125 mg, V¢ 20000 mg, Vi

33000 mg, Biotin 30 mg, Inositol 10000 mg, Folic acid 300 mg, Calcium pantothenate 3000 mg, Tocopherol acetate 3000 mg, Cu 1500 mg,
Se 25 mg, Fe 5000 mg, Co 500 mg, | 150 mg, Zn 2000 mg, TR digestant adequacy, Immune disease adequacy, Antioxidant adequacy
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SEHGHE R I SPSS B AT, LAER FLRR D7 LK
Vo EE WA -, AT 007 2 20 M (Two-way
ANOVA), ¥ 22 5 . 1% JH Duncan's #H17 £ 5 1
i, WEIKFHR P<0.05, ¥dELh MeantSD %R o
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2.1 fRMRE BB L X E B2 iR A KRR RSN
Tl M2 10 0 T o0 168 Bk A 8 A K R 1 2 i) L

2, %t 83 d MFRFHLLE, AR BB A K
¥, wItRIRE M 93.0 g #mE 1625 g, #hNT
74.73%, HOSUHE R ST AL, B A SRR KA
TEAC HAEH(P>0.05), 4% 23 £ i 77 16 R TG i 35 1 22
5(P>0.05), MiMGHEF | frElKFE ., MASCR. #
AR B E M2 5 (P<0.05), Hp i EAR | KpiE
KRR R 37 g W 7K F- 5% i 3% (P<0.05), JBifg
0 7S FR 38 I AR, 8908 I 4L i3 R | AR E R
KEMBE R E T 12%H1 16%2H , P5S0LS £ i £ 4%
A4 PA0L16 45 33.63%, H¢iE kKR E 31%, 1
R A2 4 HKE R 3% (P<0.05), IRl 4K /K-
(3G TG i, 50028 (AL IRDBHECRE F T 40% 1
45%2H , P50L8 4k fi () fr] BL R 8¢ P40L8 4
24.09%, P50L8 i fh 3 iR | R AR | Akt
RO AR B

2.2 (AREARRL X E DR 8 L EETE R

23 M AR AR L D T (6 B A A 1 S
ISR, PR BRI R AT T, (R T Ak 2R 4800 26 1 il
1% 3 52 BapR v 2 1 5 AR 77 7K - 52 i) i 2% (P<0.05),
b R BE AR KO B 0 S B R NS R
[ka%, P45L8 i, {HA P50L8 4 JCim 2% H
(P>0.05). 7 (AiFL) PASL16 4ix m , W& T P40LS
4H(P<0.05), JE#H FHAFLL PSOLS #Hix, b P50L12
2 155 6.19%(P<0.05), FIHAh 4 2= 54 . % (P>0.05)
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Tab.2 Effects of protein to lipid ratio on the growth performance of spotted halibut

2H 51 Group

M E 2R Weight gain (3% R Survival rate fiBI30% FER $F2 KR SGR HEEF

P40L8 63.76+11.35
P40L12 61.26+9.59°
P40L16 53.15+5.36°
P45L8 70.11+15.40%
P45L12 67.19+13.33%
P45L16 63.10+18.39"
P50L8 86.76+14.57°
P50L12 58.17+2.99°
P50L16 60.13+8.18°
ZIC 23 Hr Two-way ANOVA

FE 5 Protein 0.263

A& W5 Lipid 0.044
EH*HEN; Protein*Lipid 0.326

98.33+2.89 69.29+11.45° 0.79+0.12%°  1.08+0.05°
100.00+0.00 73.3048.12%¢ 0.77+0.10°  1.03+0.02*
100.00+0.00 82.20+4.92%°¢ 0.69+0.06°  0.82+0.05°
100.00+0.00 82.30+6.16%° 0.85+0.15%  1.01+0.11°°
100.00+0.00 84.30+4.66%° 0.83+0.13*®  0.95+0.10%°
100.00£0.00  82.00+12.87%° 0.78+0.18%  0.92+0.06%
100.00+0.00 93.38+4.55° 1.00£0.12°  1.04+0.13"
98.33+2.89 85.39+6.09% 0.74+0.03*°  0.82+0.03°
100.00+0.00 88.42+9.94% 0.80+0.06®®  0.84+0.06°
0.615 0.006 0.266 0.111
0.615 0.648 0.047 0.000
0.326 0.366 0.370 0.063

T [ — 08l B R [ Bl 3875 22 53 . %5 (P < 0.05)

Note: values with different letters in the same row are significantly different (P < 0.05)
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Tab.3 Effects of protein to lipid ratio on protease
activity in spotted halibut (U/mg prot)

20 51 Group H Stomach i Intestine SRR
Hepatopancreas
P40L8 5.26+2.70° 12.96+2.86° 17.19+3.23%®
P40L12 12.49+2.73%® 14.19+4.98%° 18.94+3.43%®
P40L16 14.05+0.95® 20.33+3.15°  19.30+2.60%

P45L8 18.60+4.65° 17.57+4.73® 18.40+3.65%
P45L12 16.72+4.99° 18.28+4.71% 18.64+4.49%
P45L.16 17.50+8.89° 20.43+5.35° 16.16+2.03%®
P50L8 15.57+1.07° 14.36+1.49%® 22.47+5.14°

P50L12 18.84+9.67° 16.29+2.06® 15.56+3.57°
P50L16 12.75+2.20% 16.20+1.32* 18.53+1.93%®
TICHEIMT

Two-way ANOVA

FE 1) Protein 0.027 0.162 0.789

A& Lipid 0.511 0.091 0.578
EH*IE

AN 0.257 0.609 0.221
Protein*Lipid

F: A=A BHEPEAARAFAFEENERERDE
(P<0.05)

Note: values with different letters in the same row are
significantly different (P<0.05)

16 152 Hie rp 2 AR i 7K ST 52 i) 3 (P<0.05)
HOUE M HELL PAOL12 FI P50L16 A ix i, WE s T
P40L16 £ (P<0.05), FlH:Ah#% 41 7o i) 3 2% 5 (P>0.05).
J e R BE L P45LS B, W™ T P40L16 A
P45L.12 44 (P<0.05), {H F1H Al 20 JC i 2 2% & (P>0.05)
NG 07 it B AR P K OF 4R SRR AR E TR, Hep

P50L16 ZH i, =T P45L16 4H 5.69% (P<0.05), g
[T LL PSOL8 ZH £ ey , FIHA A% 40 22 7 AN B 2 (P>0.05)

2.3 {RAREBER L BIBE 8 M 7F & L IEREI ST

T R NG I T (50 B 4 11 97 21 A 38 bR Y 5
Wi WL 5. FROSUR ZRATHT AT 0, 4 1A 3RS s 7K S Xt
A LT B0 B R T, S = e R A [ A AR A A
FHI(P<0.05) . & F /K o 3 &2 fa R il i h B d )
1 (P<0.05), IRl AR /KT B8 i 2 3 B TH i 34
P50L8 41 fa A IfiL 775 H 1 45 TR e Bl | 7 i S 2 1
FHAbL], (B4 2\ 5% 25 (P>0.05), Hih=
T R G I [ s A2 i 1 5 IR U 7K P52 e feb 25 (P<0.05)
P50L8 £H 114 H i — il ALk IR [ eI, 8 35 (KT P45L12
1 P45L16 41 (P<0.05), 5 HAth 4 25 57 K i 3 (P>0.05).

3 g
3.1 {AME SRR L E R R e K MR

) KR B B K ST v (R AR K R ARDRER R A
FEMAE T, 8% i 20 £ K fity 15 i e AR e AR K 32 b
B EKCE RS sg i, 5 #fn (ffC8 4%, 2011) ., H
1t 71 (Chatzifotis et al, 2010), #{ i (Kim et al, 2005)ix
55 rh A5 B A 25 SR — B DR A B A AKCF 3 fn
1M 34 1(P<0.05) , AH 7] ) 45 5 C 78 B B BB 65 (X 4 HE A,
2011) W SCRE TP RGE . AR BT S AR 50%0h), (BB
B A K e, PS0LS ZH iR R H fc e A e R
FrE K RRCR X% . Gonzélez % (2005)
R, A 8ER) 8 7oK R 50.8%, T 37 = %(2010)

F 4 AREAREL R Z28EMEEU/mg EH). BRI/ EN)FE RN
Tab.4 Effects of protein to lipid ratio on amylase activity(U/mg prot)and lipase activity (U/g prot) in spotted halibut

2051 Group

B vEK i Stomach AMS JZTENIE Intestine AMS & G Stomach LPS izl Intestine LPS

P40L8 0.27+0.04%
P40L12 0.30+0.07"
P40L16 0.20+0.02
P45L8 0.22+0.01%
PA5L12 0.21+0.06%°
P45L16 0.24+0.04%
P50L8 0.23+0.02%°
P50L12 0.24+0.06%
P50L16 0.300.05"
I 245307 Two-way ANOVA

#E M i Protein 0.251

JIE M5 Lipid 0.920

T F*JIR i Protein*Lipid 0.057

0.35+0.06%" 5.62+0.64¢ 9.93+6.54
0.40+0.05% 4.66+1.12% 11.25+5.24
0.30+0.08? 3.22+0.96%° 7.39+3.15
0.45+0.05° 2.660.92% 6.50%3.70
0.33+0.04° 3.33+1.51%° 6.08+2.61
0.37+0.10% 1.94+0.45° 9.75+6.12
0.40+0.04% 3.48+1.37%° 13.04+2.73
0.35+0.03% 4.55+0.91° 12.50+2.55
0.38+0.07% 7.63+0.71° 9.99+5.09
0.432 0.000 0.139

0.208 0.757 0.897

0.134 0.000 0.575

e Rl —FN AR b A R R R 3R 25 57 4 35 (P<0.05)
Note: values with different letters in the same row are significantly different (P<0.05)
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Tab.5 Effects of protein to lipid ratio on blood biochemical parameters of spotted halibut
X % = 7 27 - I ] i
21 5] Group HMEH TP(g/L) Gﬁ_??ﬁff;fi) G/gﬁii‘/fifft) Hith = TG(g/L) CHHO L[z%)

P40LS8 27.50+1.46° 7.79+1.33 15.97+3.76 3.18+1.42° 2.70+1.18%
P40L12 29.75+2.54° 7.18+3.88 8.74%1.60 1.78+0.96° 2.640.76%
P40L16 28.28+4.48° 5.19+2.32 16.30+11.44 2.89+1.79° 4.39+2.72°
P45L8 33.80+3.44% 6.02+4.24 10.46+3.71 2.75+1.70° 2.55+1.07%
P45L12 28.13+2.73° 7.51+3.01 17.34%5.01 15.82+1.11° 9.01+1.55°
P45L16 43.42+1.94° 8.51+4.08 17.25+8.34 15.33+1.86" 8.14+0.79°
P50L8 36.47+2.21° 9.15+5.09 18.65+10.49 0.82+0.19° 1.96+0.59%°
P50L12 36.85+5.26" 5.53+1.74 14.58+3.93 1.43£0.47° 2.03+0.61%
P50L16 33.32+5.80%° 4.50%4.20 8.43%4.46 1.13£0.66° 1.80£0.53°
TILH S Two-way ANOVA
& M Protein 0.000 0.845 0.901 0.000 0.000
JER5 Lipid 0.116 0.641 0.892 0.000 0.000
E H*JEN Protein*Lipid 0.001 0.486 0.142 0.000 0.000

TE s [F—2 8 HA AR R 7B 1 30K 22 57 ik % (P<0.05)
Note: values with different letters in the same row are significantly different (P<0.05)

WEFR W], R kL 2 1 0T Y3 O i Ay
51.54%-53.56%, Rema %5(2008)1F 57 & L, ZENMI/R
filyy 5 305 2 [ T 5R Oh 53%. R B T Y B 0288 RS
SRIEARYERFTE 50% 4577 -

AHEGEH, BT R AR 7 KT 38, o PG E R
FEE AR NAR R IA TR, 24585 Liu
S5 (2013) 7 - 7 i A F ST 45 SR — B TR AR D K
o 8%, AR A e . BN IR R AR A
RERZNRE R N N el i e a1 i S U =i N
T A, 30T R 2 5 A T Ak IR g 1 1)
e H sy, R 8% g T ink M I3 B A i
AR MR B, 12%80 B W &, A Um
il 2R G T R P B, ) et AR AR £ 44 5 AL W S B
ae, FEORAE AR . AR TR, X 5P
fi% (X X4 HE 4, 2011) . EPJEAE(Ng et al, 2008) . K- ¥
hfilk (Deng et al, 2011) A HF5R 45 AL, . TEERRE L 7
1A, (5 B A 8% ) d 3 A BE EE A 104.31mglkeal , %45
W s TR 1 B 99.25 mg/keal ([ JAHA%E, 2012) FIEE 4
N2 fi 93.72 mglkcal (CF 5= %, 2010), iKY
107.28 mg/keal (i [# 6 %, 2001) 1 i [K F fil 101
105 mg/kcal (Lee et al, 2002) 4 Bl 58 45 S 4530

3.2 {RAMRE B LL X BB 2 8RH L EEE R0

ABEFEH, 8 8 B R R I T R e
ISR, RUIE—@E I A, R 3 KT
o, ARSI IR R RIS B, AR R

TR AL o 3 55 B DRI 55 (2004) X 52 47 6 ) BIF 5T
GEIR—F ARWRFE Y, PR I > R T >
T A P T, 00 P R O (R R e T
PR, RN 2 [ B AL 6% 0 B 1) R B o WRE
FELAF(2012)WF 58 R W, JBEER 1 B2 AH A B A 45
PR RS P 1, X S AR 45 R — 2L

58] JAE 2 S5 b 2R G2 R TE A R AT, U R
A AL SCTE R AR T, RO UL, IS VE R BT
TEAR, AFERHALE T IR T REARTR, € B
TIANIR] o ABFFEH, JUE b 1 17 k> 1 VE o il 1 1k
X R B W iE T RE RV Y R EE Ak . PN B S
(2010)ZEAF 5% FU I B SR A I AL S PR R B, Wi vE
o3 T 5 s, T A1, S R S AR I 4 R — 2K

FE— 2R PN, (50 6 A2 1 T M 0 T 0 e B ) A
HaE HKE B A — R E S, X 59 A
55 (2010)AF 5 BL LG 7 390 10 715 Ak il 176 4 1) 45 SR AH — 2
ARSEEG R, A BRI > IR MRS, UL
JE R BE A B LR W 00 EE A . BREEFE S (2012) 4
TE, i 7 it B AR PR 7 S TR, B3 B A g
il 3% M B A, RN A BE AR D I R A E
i, 24P AE(2006) I8, A 6F iz 38 Hh B A A T v
THE o, W] ae S I A IR 2 I ) A
B MM RF 5 4E(2009, 2010)H% 8 0 15 K -5
V- F U 14 B i eI 3 e 1 Al AL, TR 2 A i ity
() BB WA B o 7 A P 2 S 1 PR T R A
THALHE SR e Bk B R,
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3.3 {RARE BRI LLX BIBEE 8 M F £ IR HRE ST

M35 S R AR SR 1 B KT i 24 A7
AT LA W B B PSR 3 TR 1) T b B i R
(T3 =%, 2010), AWFFEH, IiE B R K
TR LT, UL TE—E SR, AR
KPS R R A BTG . AR
T3z D (2010) I 45 R —%k .

FEIEHRAT , AN RS TS 2R, HLA
GFETRACHTE R, LA B o, B 40 A 9 55
AR T RAERN TR, 04 5 B T, Ul
BH PR 28 Az B, AT ARG T 22 R AR ™= X ML A4
()55 % (Yan et al, 2007), 7EAHFFEH, P50L8 4 fafk
I35 T A TR G 22l | 4 R S ) v T LA,
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Abstract Spotted halibut, Verasper variegates has been a target model in the studies of reproductive
biology and molecular biology. However, litter is known about the dietary requirements of this species. In
this study, we determined the optimal ratio of protein to lipid for this fish and analyzed the combined
effects on the growth, digestive enzyme activities and blood biochemical parameters in spotted halibut.
Fish meal and casein were used as protein sources, and soybean oil and fish oil served as lipid sources.
Nine experimental diets were formulated as combinations of three levels of crude proteins (40%, 45%,
and 50%) and three levels of crude lipid (8%, 12%, and 16%), namely P40L8, P40L12, P40L16, P45L8,
P45L.12, P45L16, P50L8, P50L12 and P50L16. They were randomly distributed into 27 cement ponds
(2 mx1 mx1 m) with 20 fish/pond for 83 d in an in-door flow-through aquarium system. The results
showed that the survival rate of fish was not significantly affected by the levels of protein and lipid
(P>0.05). The weight gain, specific growth rate and feed intake were significantly reduced along with the
increase in the dietary lipid (P<0.05). Compared to P40L 16, the weight gain in P50L8 was 33.63% higher
and the specific growth rate was 31% higher. The feed efficiency was significantly boosted along with the
increase in the dietary protein (P<0.05). The feed efficiency in P50L8 was 24.09% higher than P40LS,
and the weight gain, specific growth rate, feed intake and feed efficiency in P50L8 were significantly
higher than those in other groups. The activity of stomach protease was first increased and then decreased
along with the increase in dietary protein. The protease activity in the hepatopancreas in P50L8 group was
significantly higher than that in P50L12 group (P<0.05), but showed no significant differences with other
groups (P>0.05). The activity of the stomach lipase was first decreased and then increased along with the
increase in the dietary protein. The activity of intestine lipase in P50L8 group was higher than other
groups, but there was no significant difference between all groups (P>0.05). The increase in dietary
protein resulted in significantly higher level of total proteins (P<0.05). Glutamic pyruvic transaminase and
Glutamic oxalacetic transaminase in P50L8 group were higher than other groups, but there were no
significant differences between all groups (P>0.05). Triglyceride and total cholesterol in P50L8 group
were significantly lower than P45L.12 and P45L.16 groups (P<0.05), but showed no significant differences
with other groups (P>0.05). These results indicated that increased dietary lipid level might not cause the
protein-sparing effect. Therefore the recommended formula for the best growth performance was 50%
protein, 8% lipid, 104.31 mg/kcal P/E and 6.63 P/L.

Key words Spotted halibut; Dietary protein to lipid ratio; Growth performance; Digestive enzyme;

Blood biochemical parameters
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