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2. INARBRWERFESHRENERE WAEEEESBREENIRE MWE  264006)

BE HAR K = Sk B F B8 # (Epinephelus lanceolatusS%E. moaraQ)4l 17 £t & 1& & & LA b
BEOE, WENFTMAIRGEEANEAR. Fintd R ENE, RAMEASEN 46%. 50%
1 54%, #ESE X 20.00, 20.50 1 21.00 kl/g, &K 22.04~26.87 mg/k] 89 9 AR, 4T N
D1~D9 41, #BAIEERE H(46.23£0.51) g N A e a3t & 4 56 d, 4R B =, EE MG E
WREERAN AR BT aEEY ML EP<0.05), FARMEEAGLERGHERM
e K E(P<0.05). & A R E N R AR X E 8RR S f A L EE(P<0.05), & A
FAE L ERE#ERY EMEHE(P<0.05), EEFEXELEARBEP<0.05); EAFTLERE
B AR R B Y R(P<0.05); D6 A E G RN RFE G RUE T EE T HMLAP<0.05), &
R BN R EREAMN 2B KA ALY, HEE., AL LEEEHEP>0.05), 24 FKALA
B A AR R B A FHE T B (P<0.05), K 4FE fE & 7+ & T 1K(P<0.05), 4 & fJig B 1 3% 66 Lh %
KT A 5 (P<0.05), & A Fin it &0 EAE A X a8 g i B A i 0 B VE 7 % 7m B 35 (P<0.05),
BEAEE N EEA RS ES ST EP<0.05), £EXMNELT L E Y HP>0.05); D6 4% A
A, HFGR A AR PR 2 SR TR B & % (P<0.05), BEE A 21.00 kl/g B, JEATEEVE S B
BT H M4 (P<0.05), & b, AR EWNE G RAGEELE NSOk B & 4 & 4R L S0%AE &,
21.00kl/g e E N H .

XEBIR ok ERRA; BAF; BE; Bt KAR; HNE

hESES $965.334 TEFRIREE A XEHS  2095-9869(2018)02-0085-11

0 28 i i I B B R L L BE AW oK (Jobling,  $RAIEAY . fSEXRROKAL SRR RE A IR, MLAST
1994), fEHR & AE H SR R I E Z b SRR B R EA S IR (Lee er al, 2005).
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XoF 7K PR ) 3 G A Il T, AT 3 o B v s D L e Y L
B, LLE SRR 2SR 8 A B A 29 /E A ek bl B Y
A B ATRE B BN T B AR B AR TR B
AR, R kAR, fEEE R, i AL
TR KA BTG G, AT K7 SR 58 7 M 4 B & o
X B0 (Culter alburnus)Z (RS, 2013), HEAEH
(Sparus macrocephalus)#)fa (521 BA5E, 2005)55 (1K
FERWL, B Wiy 298 A B RN AR 2R A KRR L AL
WOEFRA AL . PR SE Ty A 35 R 2 (b e Ay
4 2006).

A BN N —F B ZREAL A BRI, iz
G3AT TG TR E X, R R T
(EPRIEAE, 2015), HAl, g EIRMRE) HA
1.4 1 BE £ (Epinephelus  coioiaes) . 77 15, £1 B 1
(E. akaara) . T A BEff(E. awoara) Ml &7 A1 B 1
(E. coioides)55 . = 20 I A BE A4 AE S ¥y A B
(E. lanceolatus3) M = 80 A B (E. moaraQ) W) 74 38
i, A AR PERRAF . BUisi Pk LA, I AEpm A
IR SEHAE SR8 . BHRT, 1R W= 80k I8 A 5 £ )
RHE H A BE R AR . R, AR =80k
JIEAr B £ gyt R F SR 5, R AN R 2R SR
At & AR | AR RS AR TS DT s, LU
AR AE RS

1 #wRERFE
1.1 EABEH

ARLE LA RGWRA R AN FEE AR, #
AR R R R, SR 3x3 WA kI, AL
il 5 FL 2 [ (Crude protein, CP)& R 46%. 50%.
54%, g (Gross energy, GE)& &>~ 20.00, 20.50,
21.00 kl/g 1Y 9 ZHAEL, HARRELL /00 26.87. 26.22,
25.52.24.89.24.26.23.61.23.19.22.60 1 22.04 mg/kJ,
%# 5 D1. D2, D3. D4, D5. D6. D7. D8 Il D9 4.
BRI 80 Hf, FEC AR, BHK
RAIG, ATk SRRk, SR e R pLim T
AN 4.00 mm PEURLEDEL, BRI RT, & 4°C
VKA IR o TRDBHEC 7 OB IR LR 1,

1.2 RAFEERE

FRIH SR AE I AR M SR S AR R B AR
FH FE MR IR K SR R G AT, SCg A [ LR
SN B K = A BR A\ o IE RSB LAET, A —
HEU . KANEE] | AR FETCH B = SO A4 BE 0.4 i
TR 50 em 1 5 (B KT F2FE AR (P 90 cmxH 80 cm)
e, IS B SRAE A, R 9 AR RDENE HLIR

AR, 14 d 5, BEHUAE #(46.23+0.51) ¢
% 810 4%, BEALSY M 27 fifi, HiAl 30 BB, RpFp
T Ak BEAILEE IR 3 A o K AR 4% M 2 YR (08:30 FTI
16:30), &M 40 min 5, 5 H RS A RHEK D
Hedh, THEGR I BURL, THRAR I SCIR RN 56 d.
FRpH AR, KR E(25£0.5)°C, pH 7.8~8.2, ik
J& 27~29, DO > 5 mg/L, AW A5 A < 0.1 mg/L,

1.3 HmXESSH

SCYGATREMLE 5 R AAE I WIIRRR b o FRA L IR 2,
WE, 22E 24 h, MS-222(100 mg/kg)REF)5E, FREL
MEIFCF AR, IR ER | WMER . FRR
WA SR, MBI 12 B, I A E Rk
K, Ho s BAEa b i, Ay 7 BB vmk . L.
Wi K AR, TP . MR L R . R
EEN. HHESREN, 20CHRAE.

T Ak K i B AR B 3R A AT S BR LR D ik UK
S3rIE R 105 CHETE 74 (GB/T 6435-2006); A
H I E SR AL BT R 5 2 AT (Leco FP528, 32
FEl); RH AR R & (Gl 4272 (GB/T 6433-2006);
FLJK 43 52 2R 55 9 47 550 °C 2% 5 3k (GB/T6438-
2007); fgREE R FHBAPEIE(PARR 6100, [H), H
TG N A | 3 A 5 T i T D R Tl S
1359 2R FH R mCE R W TR ST i R 7 AR ) &
5, BRITES WAH & 45 .

B B e s BETFE W 37 C
B EE AR R 1 pg EIERRAH M T 1 ANBES J15
[ B S ) B L fE pH=8.0. 37 C&MFT,
R 2 S B R B A TR 1 R 0 B 0 O AR Ak
0.003 B A 1 AN IE 1 5007 o A 0 TG ) B0 58
128 CA&MTT, MRS EAEARR N AR R P EHIK
Yy B 1 min, EHFE 1 umol RN 1 ANEENE J1 5
o VERRENG 7 B0 5 S TR FAE 28°C 5K
YIVEH 30 min, Kff 10 mg JEME XN 1 ATE R BTG
JIHAL
HEAR
4 g (Weight gain, WG/g)=W—W,

1§ %R (Weight gain rate, WGR/%)=( W, — W, )/
Wy x100;

¥ 7 4 K R (Specific growth rate, SGR, %/d)=
(In W, ~In W,)/dx100;

1Ak} 2 8 (Feed conversion ratio, FCR)=F/(W,—W,);

A RPIAL (Protein deposition rate, PDR/%)=
(WxCP—WoxCPo)/(WoxCPy)x100;

14
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Tab.l Formulation and nutrient composition of experimental diets (air-dry basis)(%)
R} 2051 Groups
Ingredients Dl D2 D3 D4 D5 D6 D7 D8 D9

68} Fish meal 54.50  54.50 54.50 48.50 48.50 48.50 42.50 42.50  42.50
KIZ 455 H Soy protein concentrate 22.00 22.00 2200 2200 2200 22.00 22.00 22.00 22.00
B P IEKT Squid visceral meal powder 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
{613l Fish oil 330 530 730 390 590 790 450 650  8.50
a-TEN} a-starch 9.00  9.00 9.00 9.00 9.00 9.00 9.00 9.00  9.00
SALIERE Choline chloride 050 050 050 050 050 050  0.50 050  0.50
Yk R HUIR K Vitamins mixture' 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
4 R R K Minerals mixture? 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
=%k =4 Yttrium(1l)-oxide 0.05 005 005 005 005 005 005 005 0.05
R 445 Ca(H,PO,), 050 050 050 050 050 050  0.50  0.50  0.50
i AL Antioxidant 0.05 005 005 005 005 005 005 005 0.05
BRHHAHEE CMC 410 210 010 950  7.50 550 1490 12,90 10.90
A1t Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
B I R Nutrient composition

HLEE 11 Crude protein (%) 53.56  53.90 53.67 49.73  49.68 49.52 4622 4621  46.02

HLIENG Crude fat (%) 792 952 1211 810  9.99 1195 7.86  9.99 1245

MK 4Y Crude ash (%) 13.12 129 13.21  13.46 13.15 1291 13.11 1325 12.86

M fE Gross Energy (k1/g) 19.93 2056 21.03 19.98 2048 2097 19.93 2045 20.88

HEBE L Protein/Energy ratio (mg/kJ) 2687 2622 2552 2489 2426 23.61 23.19 2260 22.04

W 1L i KRR A (mg/kg R : 4E4EFK A, 38.01U); 4i4E% D3, 13.2(1U); o-/EF Wi, 210.01U); il

115.0;

B, 380.0; thARIMLIS L, 88.0; 121K, 368.0; MR, 1030.0; W2, 10.0; M2, 20.0; 4:4:-% By, 1.3; NLEE 4000.0;

PUIRMLER, 500.0

2. B YR PR B meg/kg 17K : MgS0,-7H,0, 3568.0; NaH,PO,-2H,0, 25568.0; KC1, 3020.5; KAI(SO,),, 8.3; CoCl,, 28.0;
ZnS0,4-7H,0, 353.0; FLERES, 15968.0; CuSO,-5H,0, 9.0; KI, 7.0; MnSO,-4H,0, 63.1; Na,Se0s, 1.5; C.Hs0,Fe-5H,0, 1533.0;

NaCl, 100.0; NaF, 4.0

Note: 1. Vitamins mixture (mg/kg diet): Retinol acetate, 38.0; Cholecalciferol, 13.2; alpha-Tocopherol, 210.0; Thiamin,
115.0; Riboflavin, 380.0; pyridoxine HCI, 88.0; Pantothenic acid, 368.0; Niacin acid, 1030.0; Biotin, 10.0; Folic acid, 20.0;

Vitamin By,, 1.3; Inositol, 4000.0; Ascorbic acid, 500.0

2. Minerals mixture (mg/kg diet): MgSO,4-7H,0, 3568.0; NaH,PO,4-2H,0, 25568.0; KCI, 3020.5; KAI(SO,),; 8.3; CoCl,,
28.0; ZnSO,4-7H,0, 353.0; Ca-lactate, 15968.0; CuSO,4-5H,0, 9.0; KI, 7.0; MnSO,4-4H,0, 63.1; Na,Se0O;, 1.5; C¢Hs0,Fe-5H,0,

1533.0; NaCl, 100.0; NaF, 4.0

1 TR (Protein efficiency ratio, PER/%)=(W—
Wo)(FXCP)x100;

HE & 17 B K (Energy retention rate, ERR/%)=(W,x
E—WyXE)/(FxEf)*100;

JFA Lt (Hepatosomatic index, HSI/%)=HT i & /{4
Fx100;

A A Eb (Viscerosomatic index, VSI/%)=P i 5 /{4
Hx100;

JIE 3% £ (Condition factor, CF)={A&H /A& K *x100

K, W NSRRI E(g); W, LR
PRI (g); Wy N SCH ik B (g); W NIt
KRB (g); CPy ALI W) A H & 2 (%); CP

Ry S Al AR 1 (%) s CPe i T R 2 i
(%); Eo NSLswfaih Bat(kl/g); ECN I LA AR L
Re(kl/g); Er MEpiiakl BaE(kl/g); F oMk
TH(g); d NFRIEREL

1.5 HIESH

SEHG KR K A SPSS 19.0 #4407, LUK A
T F g B S O sg R, SR OO 7 2 8T
(Two-way ANOVA), & EAEHA B ER, AR
FIRE L0 ROV A T R — AR, X
BE AT B 7 2273 M1 (One-way ANOVA), 255 i
WY, SRA] Ducan's ZHE L, WEKFERERN P<
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0.05, SEER LR LIF- I (E+R1ERR (Mean+SE) &R .
2 H#HR

21 ARZEARMEESERAAXN G EBEAS
e ERIERER R

H % 2 v, A R e R B
F A HAREH(P<0.05), FEfEmR &N 21.00 kI/g. H
HHET TN 50%H 54%H, = 808 MG B 40 63 &
R . B RN AT AT, B RRDRL AR 1 e
b AR SO A BE A 4y £0 Y 18 RO e R R
R (P<0.05), I 5 E FEAIRDE R B(P<0.05) 5 £ falk
FE T P 0 A G 2 v 1 E R AR E AR K H(P<0.05), X
Tk 2B B M (P>0.05), SR 7 220k i,
D6 Sl R | R A KR E S T H A A

(P<0.05), Tkl E R & % T HAh A& 2H.(P<0.05); D7,
D8 il D9 ZH 45 AE K A5 5 i K T H A 45 2H(P<0.05)

22 AREBRMEERERNANZYLERAKE
HaZEARF A EERERREEEERIZE

m=k 3, F4Pn, BAFMEERE RERA RN
TR A Heb S 80 5838 19 22 B (P<0.05), 7
WEHHEE & 5o 50%. RERE & hEh 20.50 kI/g F
21.00 kI/g BF, HEAFTIRR & TIHALLL ; FERRHH
EESEHN 46% . e &8N 21.00 kI/g B, JFARE
Hei o B RN AT eI, TRDRPRLER 1 TR
T RS TG (P<0.05), fiEfE 4 58 R0 A0 3 2F
18 T (P<0.05), WEAAR L B REAIK(P<0.05); BE
HE RSN, EARYCEMGER R E R D E A
(P<0.05), T AEAA b AR 6 B TG I 2% A2 4k (P>0.05)

R2 FREARTHESEAMMNZYEBAMEL S ERKERENZT

Tab.2 Effects of different protein and energy levels on the growth performance of E.lanceolatus3<E. moara®

S| HER SRed wfkyE  KkME AEE W O Tk R 5
Ttems CP(%) GE(kl/g) IBW(g) FBW(g) SR(%) WG(g) WGR(%) FCR

DI 54 20.0  47.07+0.43 138.24+0.59 100+0.00 2735.33+28.45° 193.74+3.70" 0.77+0.02°
D2 54 20.5  46.92+0.13 138.83x1.72 100£0.00 2757.33£52.77° 195.88+3.94° 0.75+0.04°
D3 54 21.0  47.22+0.44 144.16+3.00 100£0.00 2907.97+101.79° 205.31+9.00°® 0.78+0.04°
D4 50 20.0  46.97+0.09 138.65+2.20 100+0.00 2750.30+63.94° 195.16+4.27° 0.77+0.01°
D5 50 205  46.63£0.46 141.66+1.60 100+£0.00 2850.93£59.01° 203.84+5.98" 0.78+0.02°
D6 50 21.0  47.06+£0.06 146.14+1.29 100+0.00 2972.63+39.08* 210.58+2.86"  0.74+0.00°
D7 46 20.0  47.22£0.39 133.35+3.36 100+£0.00 2583.77+91.68° 182.37+5.40° 0.87+0.03"
D8 46 20.5  47.16£0.41 130.67+2.48 100+0.00 2505.47+80.87° 177.12+£6.75° 0.88+0.02°
D9 46 21.0  46.7740.12 131.29+3.50 100+0.00 2535.50+£106.47° 180.70+7.78"  0.88+0.04°
T8 Main effects

HLZE 1 CP(%)

54 2800.21% 198.314 0.76"
50 2857.96% 203.194 0.77°
46 2541.58" 180.06° 0.87%
HBE GE(kJ/g)

20.0 2689.808 190.43" 0.81
20.5 2704.588 192.28% 0.80
21.0 2805.37% 198.86" 0.79
752438 ANOVA (P-value)

HLEEH CP(%) 0 0 0

M AE GE(KI/g) 0.008 0.017 0.112
A H AEFH Interaction 0.047 0.136 0.504

T FSEUEE AR EARNG | RS SCFRERIR 2253 35 (P<0.05), [AIFIRBRE T RN IC 3 22 57(P>0.05); T IA
Note: Values with different superscripts lowercase letters, capital letters in the same column are significantly different
(P<0.05), values with no letter or the same letter superscripts are not significantly different (P>0.05), the same applies below
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Tab.3 Effects of different protein and energy levels on protein utilization, energy retention rate of E. lanceolatus3<E. moara?Q

5 H Ttems HLIE [ CP(%) MAE GE(kI/g) & IIUTAZ PDR(%) & AJRAL# PER(%) REHEIR % ERR(%)
DI 54 20.0 19.59+0.48° 229.42+5.97° 15.54+0.19¢
D2 54 20.5 19.92+0.62° 231.4243.19° 17.50+0.45%
D3 54 21.0 19.89+1.58° 257.90+17.68% 18.46+1.07%
D4 50 20.0 19.84+0.45° 248.22+5.20% 16.55+0.59
D5 50 20.5 21.92+0.57° 259.22+10.42% 17.92+0.50°
D6 50 21.0 22.02+0.46° 274.11+12.84° 18.21+0.98°
D7 46 20.0 20.15+0.38° 252.94+8.75° 16.03+0.58¢
D8 46 20.5 20.30+0.72° 243.66+8.35" 15.89+0.40¢
D9 46 21.0 20.74+1.14° 251.05+12.73° 16.75+0.49%

448 Main effects
HEH CP(%)

54 19.808 239.588 17.50%

50 21.26% 260.52% 17.234

46 20.408 249.228 16.238
L fE GE(K)/g)

20.0 19.86"° 243.53"8 16.04"

20.5 20.724 244778 17.20*

21.0 20.894 261.02% 17.714
72250 HF ANOVA (P)

ML CP(%) 0.001 0.002 0.004

e GE(k)/g) 0 0.003 0.031

%2 HAEM Interaction 0.018 0.106 0.191

F4 FREBFRMEELEARNN AL LBAMEL & RAEERIRMm
Tab.4 Effects of different protein and energy levels on the body index of E. lanceolatus3*E. moara®Q

i H Ttems HEM CP(%)  HfE GE(KI/g) AP L HSI(%) WEAA L VSI(%) RE3H B CF
D1 54 20.0 2.54+0.39° 8.20+0.65% 3.54+1.20°
D2 54 20.5 2.39+0.31% 7.76+0.51% 3.3440.35%
D3 54 21.0 2.47+0.28 7.71+1.43% 3.27+0.24%
D4 50 20.0 2.24+0.27% 7.64+0.59% 3.12+0.85%
D5 50 20.5 2.1740.29° 7.60+0.87% 3.40+0.41%
D6 50 21.0 2.23+0.33% 6.87+0.94¢ 3.31+0.32%
D7 46 20.0 2.46+0.28" 8.01+1.47%¢ 2.84+0.26°
D8 46 20.5 2.51+0.20% 8.24+1.26™ 2.96+0.26"
D9 46 21.0 2.98+0.41° 8.91+1.36° 3.00+0.30%

RV Main effects
MEH CP(%)

54 2.47°% 7.89A8 3.394
50 2.21€ 7.378 3.28%
46 2.65% 8.38" 2.938
Mk GE(k)/g)

20.0 2.41 7.95 3.17
20.5 2.36 7.87 3.24
21.0 2.56 7.83 3.19
75253 ANOVA (P)

HEH CP(%) 0 0.004 0.011
JAE GE(kI/g) 0.054 0.914 0.906

A2 HAEH Interaction 0.04 0.133 0.641
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MR ZE T EANEY, D6 HE R ITEHE
1 TR0CR b 2 2 T A 4.(P<0.05); D9 4T L . ik
AL o 2 T HA ZH (P<0.05)

23 AREARMEESEAAXN G EBEAE
%h & & & A0 AL P RL 53 B R

M % 5 A AL, B SRTRE 2 7E = SOR IR A BE £ 4))
o 2 ORI AR b 230 0 25 ) 2 BAE FH (P<0.05) . HH
FERA AT, YEEHH A A A R TR R, ok
AR B ETEP<0.05), KAFIHLKS &8I0
FHAAP>0.05); RIEER S ETHEN, KO AR
AR (P<0.05), HLEE A AR 7 & 500 W % A8 1k
(P>0.05), HAINZE Iy 2450 1i#% B, D7. D8 1 D9 41#
SR B ERT HAh4H(P<0.05); D1, D2 A1 D3 #l
JE 15 & H B E R T oM 4H (P<0.05) ., HLAE B & 5 e 1)
L AE H YRR B 3 TR 3 (P<0.05) .

H % 6 A A, B A BRI RE R 7E = SOR E A BE 1 4
fa LR R o 38T i A B (P>0.05) . HT 3K

R A3ATT TR, SRR AR S s T s, LRI K 43 A
LKAy & i B AR (P<0.05), HEASREEIS
(P<0.05), HLJG W & Je TG M (P<0.05); Tkl AE &=
S THE T, KA R 23 5 it B BRI (P<0.05),
LR & B B 35728k (P>0.05), KIS T & & B3 T
1 (P<0.05).

24 ARAEARMEESERARNZYEBEAKS
4 £ iH L BRTE 1RSI

w3 7 Fin, A TARE ETE = SUR IR A B fa %)
7 30 B PG L T R G R R Tl g
FEPLH W R RS TAR T (P<0.05), fARPHLE A &8l
50%. fEfE ol 21.00 ki/g B, JHEER ARG 705 ;
FEREE S EON 21.00 kI/g FRIA & A A, HIg
fi % 77 5 35 0 T HAB4L(P<0.05); JER RIS S0 W
B, RN AT T, DRI (B T e
B B E TS (P<0.05); e s L) Hog 3%
S (P>0.05), FRLP R 7 225003 W1, D6 21 I il

x5 TREEARMEELEANNZYEEAREYEEEN TN

Tab.5 Effects of different protein and energy levels on the whole fish composition of E. lanceolatus3<E. moara?Q

i H Ttems HEA JRE Ko A H HAR HLK 53
CP (%) GE (kl/g) Moisture(%) Crude protein(%) Crude lipid(%) Crude ash(%)

DI 54 200  71.21+3.15° 62.43+0.42" 21.14+0.64° 14.85+0.56
D2 54 20.5  70.87+0.34% 62.88+0.43" 21.77+0.38° 15.14+0.62
D3 54 21.0  71.41£0.40% 63.70+0.18° 21.47+0.33° 15.52+0.86
D4 50 200  69.59+0.56° 61.91+0.91° 22.77+0.28° 15.03+0.54
D5 50 20.5  69.85+1.16™ 62.17+1.03° 22.42+0.69° 15.54+0.59
D6 50 21.0  69.41+0.95° 61.71£0.20° 22.74+0.62%° 15.27+0.21
D7 46 200  69.35+1.11° 59.89+0.64° 23.09+0.55% 15.35+0.57
D8 46 205  68.32+0.45% 59.59+0.90° 24.76+0.61° 15.48+0.73
D9 46 21.0  69.28+0.36™ 60.32+0.90° 23.54+0.60° 14.88+0.50
F#0U% Main effects
HEH CP(%)

54 70.05 63.00* 21.46¢ 15.14

50 69.68 61.935 22.648 15.28

46 70.03 59.93¢ 23.80" 15.24
HBE GE(kJ/g)

20.0 71.16* 61.41 22.33 15.08

20.5 69.62° 61.55 22.58 15.39

21.0 68.998 61.91 22.98 15.23
75 2581 ANOVA (P)

HEH CP(%) 0.782 0 0 0.067

SHE GE(kJ/g) 0.005 0.308 0.311 0.503

2 H AEH Interaction 0.874 0.325 0 0.308
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Tab.6 Effects of different protein and energy levels on the muscle composition of E. lanceolatus3<E. moara?Q
i H L H B Koy HHEE HAg i K4y
Items CP(%) GE(kl/g) Moisture (%) Crude protein (%)  Crude lipid (%)  Crude ash (%)
DI 54 20.0 76.32+0.20 84.91+0.36 6.30+£0.48 5.63+0.11
D2 54 20.5 76.61+0.37 85.24+0.28 6.88+0.24 5.44+0.23
D3 54 21.0 77.11+0.24 85.50+0.57 6.24+0.63 5.46+0.54
D4 50 20.0 75.69+0.20 84.60+0.30 7.66+0.43 5.2840.11
D5 50 20.5 76.41+0.13 85.44+0.39 7.83+£0.47 5.38+0.10
D6 50 21.0 76.78+0.36 85.86+0.39 6.92+0.32 5.5440.29
D7 46 20.0 75.60+0.31 85.51+0.47 8.43£0.17 5.21£0.11
D8 46 20.5 75.99+0.29 85.07+0.12 9.02+0.31 5.40+0.13
D9 46 21.0 76.34+0.23 84.76+0.57 7.65+0.40 5.43£0.13
FRON Main effects
HEH CP(%)
54 75.87¢ 86.78% 7.468 5.388
50 76.348 86.26* 7.91% 5.418
46 76.74% 84.928 6.94¢ 5.56"
JHE GE(kJ/g)
20.0 76.68* 86.75 6.47¢ 5.594
20.5 76.29" 85.12 7.478 5.398
21.0 75.98¢ 86.09 8.37% 5378
75 22574 ANOVA (P)
MEH CP(%) 0 0.025 0 0.001
JHE GE(kJ/g) 0 0.06 0 0
22 HAEH Interaction 0.644 0.435 0.09 0.06
xR7 ARAEARMEESEARM =L EBANE & LT N
Tab.7 Effects of dietary protein and energy levels on the activity of digestive enzymes of E. lanceolatus@XE. moara®
i H FEM S GE HHEMN Pepsin  JPEHE [ Trypsin g Wil Lipase TE¥I i Amylase
Items CP(%) (kl/g) (U/mg prot) (U/mg prot) (U/mg prot) (U/mg prot)
D1 54 20.0 213.90+16.21° 4025.67+410.60° 132.8246.34° 0.65+0.07°
D2 54 20.5 198.67+15.89° 4068.12+49.63° 128.38+8.45° 0.63+0.11°
D3 54 21.0 196.08+3.50% 4060.66:61.28° 222.68+10.63° 0.44+0.00°
D4 50 20.0 209.10+12.91° 4197.31+170.94° 105.72+12.96° 0.67+0.05°
D5 50 20.5 213.33+11.55° 4621.34+132.08° 173.46+11.83° 0.47+0.02°
D6 50 21.0 209.10+4.37° 6038.60+321.80° 226.88+15.08° 0.51+0.02°
D7 46 20.0 174.43+9.20° 3605.64+150.17° 119.48+16.97° 0.57+0.02%°
D8 46 20.5 167.00+8.19° 3242.02+74.93° 160.80+27.24° 0.47+0.03°
D9 46 21.0 195.26+15.87° 3026.21+138.48° 199.72+19.54° 0.57+0.02%°
F44W Main effects
AR CP(%)
54 202.88* 4051.48" 161.29 0.56
50 210.514 4689.534 168.69 0.54
46 178.908 3256.07¢ 160.00 0.53
JBE GE(KJ/g)
20.0 199.14 3834.84% 119.34¢ 0.62*
20.5 193.00 3854.948 154.21"8 0.518
21.0 200.15 4307.314 216.434 0.50%
J7 2453 ANOVA (P)
L CP(%) 0 0 0.093 0.183
K BE GE(kJ/g) 0.398 0 0 0
A2 H A Interaction 0.052 0 0 0
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6 7 S T H A4 (P<0.05); D3. D6 il D9 415 i
it % ) 2 e T HA A (P<0.05) . JHRER 1 S ) Bl ]
R A0 R 2 B0 T I B AR 344(P<0.05)
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A5 3 3 6 — 2 AR K B B s SO IR A B A 4
farE R RA A B TH AR S 1 RIS, 3 T HAR
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(22.04~26.87 mg/kJ) = S JIH A7 B £01 %)) £ 1) 35 L 2R g
Fbo P ECHEE S nT A, 3 8 A2 B R RE I 28 B
Wi 2, AR R AE FE R AR KR AR R . Rk
FLAE R B ORI E RN R 2 —, G HARE
ZAARFIE RN B AR K B B S ) CF R S
2010), HEAELLAT R, 2551 AR F 0 RE VR TR 9%
REBARRRE AR, IR, AR, &
RE LG, BERACIACTFRAR, A KT Y BRI
JE A KU 2% L 7E Rahimnejad 25(2015) B fIFFE 45 S,
2B ABA(E. lanceolatusSXE. fuscoguttatus Q)4
1038 B A AE L M 23.90 mg/kT, 7ERIREE(2013)IBFSE
gigrh, SHMEEN Al BARRE L 27.15 mg/kI.

ARG, Bl A DR AR 1 R 1 T (46% T &
50%), SEE kG EE | M ER | fpEd KRN B
P, TR A PR AR(P<0.05), T4RZEAR Rk
R RS (50%THE 54%), i K ikl 2 5
WIAEA B EZI, X5 Deng 45(2011), T =%
(2010) . [ 5% 55 (2012) S ik # 55 (2016) 19 WF 5% 45 R AH
o B A RAE A HUARE B AR5, H KT
S A AR AR K 72 A TR (Tuan et al, 2007), f15Ef
P A BB OR8N 40%~55%(Luo et al, 2004;
Shapawi et al, 2014; FRAEEE, 2008; E 47, 2009).
AR H S 0 3 R AR B R T R T AR R, AR
Jo AN A Bk AR S A L E R R
(Shiau et al, 1996; Teng et al, 1978; HEMHSE, 2016),
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Tk HR AR 2R RE BRI AS AL, IR REER A B e A
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2k S0%I, 2= 800 R A7 56 0.4 a1 26 14 5 R
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FEEER, IR RESE th T s AR L RO TR
BT B SR 58 P85 A ] 45 32 FUI) o

RE TS AERE— DR ATTS SRR (FE 250K, 1989).
01 25 DR PR HRE 5, 80K 9T AR R 55— R AR
WG SN fE , KER T RE R Yo F T 435 IR W 19 A= A i
i, FA 30%Z2 4 MRES T TA R (RIEHE, 2003).
M 2 AT, SRR BE I i W bR, O
e EARFRE AR KRR E R T, MR R EGZ T
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BRI AR a2 E 2N . AR, E
RE Y L P, £ 28 A A 4 3 B8 I RD R} RE A7 A2 TR AH G
(Al et al, 2005; Shiau et al, 2001), & H R, &
1 BT IO R B ARDR AR 1 1 0 T e A — o T e
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ThaEmiTher, S aik N EEE A Y B E AN TR
XA F g R SO R RE AR SR , R B9 45
T BRAERL A5 (2008) X 42 i #1. (Lucioperca lucioperca)
AT IR R B iRkl E BB BT, TR
WA G, A L 25 S 2 2, DA S P s
RE 160 8 ) JIEE AR AH 0T B B 5/ SIS R B
MRk AE R 5Ol 21.00 kI/g B, mEURILAREG
Pt KL, 5 Rahimnejad Z5(2015)% 8 Bk v IH A BE
10 f 3l e TR A 45 5(20.90 kI/g)ZEBL, 18 TXilak %
SF(2002)£1 U {11 (Sciaenops ocellatus)f 455 (14.79 kl/g),
JEL R AT RE S R TS f AR 2K | SRR ST 5 M SR PR B
SEAN ) 3 AU
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3% A

FH AP 45 S mT i, 4oL A 7 A2 25 TR g
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AR, PRUEHT RE R AR R, Bk Gk B A
YEDHERE Y 0T 19 43 . A R TR I 2T A
FIfif B8 o MR R A RE S T, e E A
FHLIENT &R T, XAE Jiang Z5(2015)% 22k i
A B I IE 25 R R & B
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Effects of Dietary Protein and Energy Levels on Growth, Body

Composition and Digestive Enzymes Activities of Juvenile Hybrid
Grouper, Epinephelus lanceolatus? xE. moara®

GONG Xupeng'?, LI Baoshan’, ZHANG Limin’, ZHANG Yan'?, WANG Jiying*”

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Shandong Marine Resource and
Environment Research Institute, Shandong Key Laboratory of Marine Ecological Restoration, Yantai 264006)

Abstract

In order to investigate the optimal dietary protein and energy levels of a new juvenile

hybrid grouper (Epinephelus lanceolatus3<E. moara?), nine diets were formulated containing three
dietary protein levels (46%, 50% and 54% crude protein) and three dietary energy levels (20.00 kJ/g,
20.50 kJ/g and 21.00 kJ/g gross energy), the dietary protein-energy ratio was in the range of 22.04 to
26.87 mg/klJ. Juvenile grouper averaging (46.23+0.51) g were fed the test diets for 56 days. The results
indicated that the interaction between protein and energy had a significant effect on the weight gain (WQ)
of grouper (P<0.05), the weight gain rate (WGR) and specific growth rate (SGR) increased with
increasing of dietary protein and energy levels (P<0.05). Protein deposition rate (PDR) and hepatosomatic
index (HSI) were significantly affected by the interaction between protein and energy (P<0.05). The
energy retention rate (ERR) and condition factor (CF) increased with increasing of dietary protein levels
(P<0.05), while the protein efficiency ratio (PER) increased first and decreased afterwards (P<0.05). The
PER and ERR increased with increasing of dietary energy levels (P<0.05). PDR and PER of D6 group
were significantly higher than other groups (P<0.05). The interaction of protein and energy had no
significant effects on moisture, crude protein and crude ash of whole fish and muscle (P>0.05). The crude
protein of whole fish and muscle increased with increasing of dietary protein levels (P>0.05). Moisture
decreased with increasing of dietary energy levels (P<0.05). Crude fat of whole fish increased with
decreasing of dietary protein-energy ratio (P<0.05). The interaction of protein and energy had significant
effect on the activities of trypsin, lipase and amylase (P<0.05). The pepsin activity increased with
increasing of dietary protein levels (P<0.05), and dietary energy levels had no significant effect on it
(P>0.05). The trypsin activity of D6 group was significantly higher than other groups (P<0.05), which
increased first and then decreased with decreasing of dietary protein-energy ratio (P<0.05). The lipase
activity of fish fed diets containing 21.00 kJ/g energy was significantly higher than other groups (P<0.05).
According to these results, a diet containing 50% protein and 21.00 kJ/g energy was recommended for

efficient growth of juvenile hybrid grouper.
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composition; Digestive enzyme
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