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fRAFE B KGR GEEA RS R
B FELEEALEEAM L AKE HEE ETA

1.4 d R KRFKRZFR/ LAY EEFTHELEALTHRELELDT/
R FATIRE AR AEYEF EEFFE, KX 4300705 2.3 H LKL F kLR F o, KX 430070

TE N0 AR 85 (Siniperca chuatsi) WHARRMER FIKFHITT K, L GL.G2 . G3 HUAK 19 If 15T 1 43
SR (11.581.34) . (94.7742.59) Fil (245.26 £3.59) g ISR IBFFEXT G2, WFFEAS W) 25 11K A ARk i LA MR
T RER 2 OB S35 bR THALERE T s fhie 1 s aUCHE B 52 . 25 WoR , GL A G2 4Bk e A K e (AR
B AN T R AR R KK 500 g/kg I 5 8 15 G3 28 1 ) bsH R 1 KT SR 450 g/ kg I 3k 31 5 R AH 3 Gk &
B0 L2 B A R AR AR A, R A ORI R I R R 4 S SO 3 AR B0 Il R R SR 0 R 4971
451.9 1446 g/kg. G171 G2 BRI AR 17K (350 g/kg A1 400 g/kg) frBHIHFIG 3R 8 Z 0 F HAh 4540, 15
FARHE KX G3 28R A E R IC B . GLRT G2 ZH BRALIHE 15 A4 L RIEAR 1L 55 4R 1 B St 1A
K (P<<0.05) . Rl b R (e 2 T, G1OR G3 4 8ot il ke 40 5 4 e LTS Ak R 34 5 BT A ks R , Tl G2
IR TR MR TE— R AR UKL RN, 3 I RRS A0 R 2 11 2 0T AL S S AR B 1 2 IR
K (P<C0.05) , FE 7 K-y 500 g/ kg b ik S0 F , B 5 PR R ANAS 5 B DR 2R (Al TG M G A L AR T ka3 . 3%
LR P 95 P U %) 2 D 0 TR B S IS ) W Ak B P S A 38 T B 3 (P<<0.05) o LA U HE T 32
BIAERR)E 6 hik 3 im0, I WG (Rl (1 KO i 4t e 24 St 28 04 5 4B 1 7K F 2y 550 g/kg #1600 g/kg BT,
G3ABFHI B AR B EE T Gl DA g5 SRR b (A xS RhiAs 8% A9 A 1 M filg S ik AR e

FRESTAT TS AR RN, 6 R Foilh £ 1 7 SR At R ) b B AL A 5 £ B SR AR
KR 0 FRHEE FUICE AR RVERE s UL A AHRM; R R

FESZES  S965.199 XHERPRIRED A

% (Siniperca chuatsi) J&— Fi 4% 4¢ 1) A & 1 £
25, H AT 3 SRR ] MR A 0 PEDRL 8 AT R L H 2
TR} AR R R R E | HLTT A TG R B O R
0 7 FH 7 i AR g O AR o R B T AR
— ELTE A A o AN A ok 4 v X T 1)
Y S BB AR R IR U — it
B H AT 1R, A SCH5 Rk A SR oY AR
HR PR B 4 £ RS B B (B0 T AR 85 £
M il TR B RAT AR Bk = RGEVEDEAR

AR B8 25 AN (] F0 R FIA ) B A 11 f 2R )
T TR AEAE I B 22 0T S v E A
FIAS £0 20 8 5T A LA R, AN e g e a2 R
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o Rk Xof 86 1 A A P i DR DL S 2 R I Y 52
M), B FEA S 3 A 85 119 fre ol DR K OF, S it
14 SR FE AR A RO R AR — e M S KR .
1 MB5F*
1.1 fRIASHEL

DA A8 AR R I R R B R IR DA
8 R AR S I TR IR L A o= T 3 1 =2 35 ]
ENRAERE . BT 6 A EDEHEY £ H BT K P 350,400,
450,500,550 F1 600 g/kg, 435l 4 4 Diet 35, Diet
40 . Diet 45 Diet 50, Diet 55, Diet 60, ful it J5 i1 4 1
Fs o Hodr i R BUR R (mg/kg) : Bl R , 205 #%
BR 40 454 FK By, 30; 454 K B, 0.2; 44 K K,
20; ILEE , 8005 ¥Z R , 1205 MW PR , 400; M iR , 60; 4= 9
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2, 2.50; B RR OLH L, 605 IHASALEE, 105 -4 F
2405 LR MR , 2 000, & 9 ot i i kL (mg/kg) -
CaH,PO,, 500; NaF, 2; KI, 1.0; CoCl,*6H,0, 80;
CuSO,*5H,0, 10; FeSO,*H,0, 140; ZnSO,*H,0, 70;
MnSO,H,0, 60; MgSO,*7H,0, 1200; Ca (H,PO,) ,°
H,0O, 1 000; NaCl, 100, % Cr,04(1 g/kg) 1 J 1

PEARICY) . P s Rk i V B BEREPLIR 29 30
min, 2R 5 A , 1] Hobart i FEALIR ) 1R 2 J5 1)
Tl i A ZE 1K (300 mL/kg) LAE iR, SR 5
R e Aok A 2o SR LML TR T RS 4 25 T A
DT ESR B o R A5 4 B GRDREEL T — 20 CR ABAF LA
g

F1 AMBEFRER(FYER)
Table 1 Feed formula and composition (dry matter)
i H Item Diet 35 Diet 40 Diet 45 Diet 50 Diet 55 Diet 60
X% Component
{4 183 /(g/kg) White fish meal 265 303 341 378 416 454
Ji# 45 1/(g/kg) Casein 190 217 244 271 299 326
KT M1/ (g/kg) Fermented soybean meal 10 11 13 14 15 17
a-FEHS/(g/kg) a-Starch 70 70 70 70 70 70
131 /(g/kg) Fish oil 40 40 40 40 40 40
2 /(g/kg) Soybean oil 30 30 30 30 30 30
WihE /(g/kg) Phospholipid 10 10 10 10 10 10
AT 4E K /(g/kg) Microcrystalline cellulose 331 265 199 132 66 0
Y= R TRA/ (mg/kg) Vitamin premix 20 20 20 20 20 20
WAL/ (mg/kg) Mineral premix 15 15 15 15 15 15
K08/ (g/kg) Betaine 10 10 10 10 10 10
iR A5/ (g/kg) CaH,PO, 5 5 5 5 5 5
AL/ (g/kg) Choline chloride 2 2 2 2 2 2
B85/ (g/kg) Mould inhibitor 0.5 0.5 0.5 0.5 0.5 0.5
AL/ (g/kg) Cry04 1 1 1 1 1 1
E 54 Nutrient composition

HHE 1/(g/kg) Crude protein 347 402.3 449.7 503.4 547.7 598.6
HUBEWG /(g/kg) Crude lipid 82.3 84.2 85.4 85 87.1 86.3
MK 5y /(g/kg) Crude ash 50.6 49.8 51 50.9 48.9 50.8
JBER/(MJ/kg) Gross energy 22.31 21.89 22.61 21.47 23.02 22.18

RIS Fh M AN IR SRR I8

50 0 W 1 T Al B 2 BE i K T B A
Moo RIGTTFHART , 9% IR Liang %5 V59— B Frik
(It A e MLl R 2 ] LA o ) s AR 512 56
Ao YIRS RS 50 005 B AL 43 31 3K 40
BT (120 cm X 60 cm X 120 em) R 7 2R KR | 5
B ET B 30 8 s A 3 E AR . G146 Y 1]
HEEE K- 8 400,450,500, 550 #1600 g/kg,
G2.G3 21 gt 1) 1) B2 K3 8 350,400,450,
500,550 #1600 g/kg. 7+ 5 1 18] 3 5 i1 N 5% 56 7K
28 Rl 3o i R FE 43 B R (3R BH K AR OK Th i il SR 2
5.27~5.89 mg/L; pH A : 7.4~8.3; s 4 & : 0.006~
0.046 mg/L; /K :25.3~27.5°C) . JeJHW5 ARG
HE A AR5 — 3, KT 07:00 F118:00 $EME , 5 n
RAPNIR R 2.5%~5% . BRI T8 =
PR % NDiN e

1.2

1.3 HmBEMSHT

TEYIAC I ES 5, BRI 1 s g6 5% 19 ) 4 44
Biit, G14REE 30 BikE i, G2.G3 H IR 12
Rt —80 Cfifr , 1 T E f AR E T i s . 555 F
TR WA 2608, 45 UG E 5 d, 2 08 Mo 25 2 (i 07 14
2 h AR TR (R A7 T — 20 CUKAE . A 21
FEMERE S P E 2 A R Ik . 1SR 8 JAS  g  A
B 24 h, %k J5 H 100 mg/LL MS-222 (Tricaine meth-
anesulfonate ) K¢ f0 R , WU H €0 (A Y 2 A A BT o A
KAEHHE . I AENEL 6 BRI e s 57
A3 3 AT 5 0O R A JHF I, 7 RS SR i v e, I
fitgh e — 80 “CUkAa I T E bt s ALBEE . ¥ 9
9% 1) T B TR ARV Uk, TR AFE 2 —80 "CIk
e TR0 I A BT -

14 R (weight gain rate, WGR) | 58 5 2 KR
(specific growth rate, SGR) . 1] ¥} & %4 (food coeffi-
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cient rate, FCR) & [ iR K (protein efficiency ratio,
PER) | # L% (protein deposition rate, PDR) \f7
1% % (survival rate, SR) | JIF & It (hepotasomatic in-
dex, HSI) A [t (viscerasomatic index, VST) Fl i
J& (condition factor, CF)$% 2% SCik[ 8 | B/~

1.4 RTIHUERNE

K F AOAC (1984) I i i HL 75 12 %o el b ot A
FEEHEATE TR 500 o FH SRR 5 55 B I A i
ik (ICP-OES, Vista-MPX; Varian, Inc./Agilent
Technologies, Palo Alto, CA, USA )il =& 1] e} Fl 2 i
1 Cr,O 15 i IR AL AR R E =Y T
J5T (DM) Flfié 2 2 WL IH A6 3 (apparent digestibility co-
efficient, ADC) A =UNF

TR = 100% —100% X A,/A,
FIRY TR =
100% —100% X (A, / A,) X (B,/B,)

R A, ALLA, G302 7 ) RE A
CryO3 & 1, % 3 By By 43 S48 DR RIS A8 Hok 25
M, Yo
1.5 EEMENE

el FH R 6 Cra s AR ) TR 5 B, R )
I O 45 TN % Bl (GPT) R B i (GOT)
T R 0 1 T D oy T O D T P T 2 o SRR B
i B 5 R S IS, 7E 1/10 (m/ V) 0.01 mol/L PBS
(pH 7.4)H H IX-24 LU A (5 520k & e A BR
AT}, i) LA 65 Hz B2 9 2 min, SRS H7E4 C
TFLAT 000 r/min 0> 10 min, Y 35 . R Brad-
ford 1, A4 LT FEE FUABRUE, AN 38 24 e R .
1.6 SEHEMERNE

FEFA % 8 JR e, DA 2 G M4 R 10 2 1t 5 it
Iral AHRM A E o HE 20 LAY [BDE 8kHE HIAE
AR, T 2he A £ B S50 9 R K 5 B AR AS W
W, B PR i EON T 5 mg/ L. B IE 54
PP 5 1428 0 BB, AN A 2 B8R, i
B TF AR, $i B RS Ok 1.27 SRR Y Uy v i
TMEFE . &R 2 hF, KBRIE 5k i ek 724811
35 A1), ARl K b 2 AU Tk B AP B A K e A R
K IETE BREEE LIE BR AN 0. IR 5~24 °C,
WMEKT0.5mg/L(2h 1k, W 24 h) M8 &
/N AR T s AR o i 1 R R HE R

{8 FHl Berthelot IR il 72 G0 &0k A A [ g A=
Yy AT i ) I KR R RO B, A AR Y
RS IESCER 9 ] A=, R T IE R -

U= VX[(p2—p2") —(01—p1°) 1/ (tXm)

Horpr, U AR 1 8 rh 2 5 K AR i 2 A R %

[mg/(kg-h) ], VR 50 1A AP K R, o1
1 02 43 SRR 50 2 78 o) 1 e 2K R 1) 2 BT
R mg/L; 01 M 0243 BRI G0 A rp s v R
KRR A BT, mg/Lym N R kg
SRR LR AR SR G R A KRR I ] ] B, D
1.7 Hitoh

P 0% D G [ v e 7 N I R S AW
BdE 28 Excel AbHL, FEAG I8 56 208 19 1E 28 040 A i
2E5E IR, ] SPSS 17.0 X5 #4780 [ 207 2243
¥t (one way ANOVA) I Duncan’ s B K 361, 43 #r
A B Y 25 5 B 5V B KN «=0.05,

2 FHRE5HMH

21 AMERSEX N E ML E KR AR
T AREESIERNZN

H 3R 2 AT 0, G148, > i)k A 11 4 ML 400
g/kg ¥ % 500 g/kg B, 8% i) WGR A1 SGR ¥4 W] 5l
7 (P<0.05) , 7E 500 g/kg MR R E A& & K, ik
) g = A 5 AR TRDREER KO KT 500 g/kg 19 4k B AT
oL 8% WGR AT SGR IR UG T FE o 4Rk 1 K
#3500 g/kg B, B i FCR & 2 7 &5 (P<<0.05) ,
PER 1 PDR ¥4 {8 2 P& AR (P<<0.05) o 5 f] M 25 14 /K
M 550 g/kg RYAL FRZH SR F i, B E T E K
400 g/kg 4k B ZH (P<<0.05) , {H 5 8 [ K F R
450 g/kg 1500 g/kg (A 4m] L4k BE2H 35 A b 2514 22 7
(P>0.05), &ML HIKF-HR 500 g/kg HORDEE, 65 11
CF \HSI 1 VST % & 2 & TRk K oF 2 550 g/kg Fil
600 g/kg FALFRZA , {H 1 2% T 1DRHE F7KF- 2R 400
g/kg F1450 g/kg AL FEL

G2 4185 , 7 450 g/kg Wt BB (1 & & 1, H
WGR A1 SGRAA 5 5 i 8 FU/K A B 22 (7] 25 7 3
AN (P>0.05) . 1kl & & 350 g/kg 3
I 450 g/kg B, 8% FCRAE I 5 F#AK (P<<0.05) . 1)
FBHE F K5 T 500 g/kg I, 19 PER A PDR & 3%
R AR (P<<0.05) o DB 7K 7k 450 g/kg (14 4 3
2RI SR 5 S UK A Z MR S,
HHSRIYMT 90% . CF B 1R M 1K P9 7 8
M 5 25 IR (P<<0.05) o 8K %) HST AN VST AE 1] M 25 1
KT T 450 g/kg HIALFRZH 22 [6] 36 A 25 1k 2 57
(P>0.05) , {5t A% TR (K F R 350 g/kg il
400 g/kg HAL AL (P<<0.05) o

G341, H: WGR F1 SGR B 5 THE JE AR, 2477
B iR 450 g/kg B, 85 1) WGR H1 SGR $5 5 o
% () F CR 7Rk (7K F 2y 350 g/ kg B I 3 8 T3
fl b FEZH (P<<0.05) . fAlEHE & s, 8609 PER
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FIPDR 3 T+ (P<<0.05) , Yia k& HK P& F M VSIZEARRAL LR 22 53R 83 (P>0.05) . {HFE
TR [ E R THE L R HST G R, 78 R 1K
SEHATINE] 450 g/kg e #a T RAE o

2 FEEAMEAKTTIHAETME KL ARF A FEEREAERNTL

Table 2 Changes of dietary protein level on growth ,feed utilization, survival rate

450 g/kg Ja FEAK . TRk AKX G3 4LR 1) SR TG
W (P>0.05) , 7E A AL B #8596 % . CF

and morphological index of mandarin fish in three sizes

219 Group $6 4% Index Diet 35 Diet 40 Diet 45 Diet 50 Diet 55 Diet 60

1BW/g 11.76+1.53 11.3440.79 11.584+2.34 11.63£1.28 11.2240.76
FBW/g 35.36+4.00a 43.26+2.59b 52.76+3.37¢c 51.37%+2.13¢ 49.3343.44¢
WGR/ % 201.25+11.14a 281.784.15b 357.754+28.96c  345.00447.84bc  341.80+54.20bc
SGR/(%/d) 1.9740.07a 2.39+0.02b 2.71+0.11c 2.66+0.19bc 2.64+0.23bc
FCR 1.6240.06¢ 1.414+0.01b 1.294-0.04a 1.3140.06ab 1.314-0.09ab

G1 PER 1.54+0.02¢ 1.5740.01c 1.56+0.04c 1.39-+0.06b 1.2740.09a
PDR/% 27.0240.34¢ 27.64+0.23¢ 27.46+0.75¢ 24.38+1.15b 22.31+1.54a
SR/ % 88.89+1.92a 91.11+1.92ab 92.22+1.92ab 94.45+3.85h 92.22+1.92ab
CF/(g/cm®) 2.64+0.11b 2.31+0.35a 2.28+0.34a 2.24+0.47a 2.267+0.55a
HSI/% 1.85+0.13¢ 1.694-0.14b 1.424-0.09a 1.41+0.16a 1.504-0.16a
VSI/% 8.87+0.24d 8.59+0.23¢ 8.25+0.19b 8.1940.12ab 8.00+0.13a
1BW/g 94.31+7.59 94.7748.59 93.88+9.06 92.60+11.53 94.93+13.98 95.96+11.13
FBW/g 172.50+16.19a  206.48=+17.40b 225.82+16.65¢c  227.91+19.31c  225.32+10.95¢  223.54+13.98¢
WGR/ % 86.65+8.06a 118.02+11.13b 140.7047.10¢ 146.37415.70c  137.61£9.33¢ 132.9442.65bc
SGR/(%/d) 1.1140.08a 1.39-40.09b 1.5740.05¢ 1.61+0.11c 1.54-+0.07¢c 1.5140.02bc
FCR 2.6040.16¢ 2.12+0.13b 1.9040.06a 1.86+0.11a 1.93+0.08ab 1.96+0.02ab

G2 PER 1.0940.06b 1.18+0.08b 1.1740.04b 1.08+0.06b 0.94+0.03a 0.85+0.01a
PDR/% 18.90+1.06¢ 20.50+1.48¢ 20.34+0.63¢ 18.83+1.16¢ 16.38+0.61b 14.7540.20a
SR/ % 86.6743.34a 88.89+1.92ab 95.56+1.93¢ 94.44+1.93¢ 93.3343.34bc 92.22+3.85hc
CF/(g/cm®) 2.56+0.15d 2.47+0.22¢ 2.40+0.32b 2.41+0.23b 2.33+0.12a 2.31+0.33a
HS1/% 2.14+0.06¢ 1.8340.14b 1.6740.22a 1.6540.13a 1.644-0.25a 1.6040.14a
VSI/% 10.414+0.43¢ 8.75£0.29h 8.2240.08a 8.1240.16a 7.94+0.13a 7.92+0.19a
IBW/g 248.36+35.21 248.86+23.72 241.52+25.06 248.62+34.58  245.26+33.59 245.13+39.10
FBW/g 345.38+24.23a  383.81+16.83b 395.82+23.36b 422:;? 394.204+30.92b  389.06420.97b
WGR/ % 39.124+3.92a 54.2442.90b 63.93+3.79¢ 61.26+2.91bc 60.74+4.06bc 58.90+8.39hc
SGR/(%/d) 0.59+0.05a 0.77+0.03b 0.88+0.04c 0.85+0.03bc 0.85+0.05bc 0.83+0.10bc

G3 FCR 3.01+0.26b 2.30%+0.09a 2.03+0.09a 2.0940.08a 2.11+0.11a 2.187+0.26a
PER 0.9540.08b 1.0940.05¢ 1.0940.05¢ 0.96+0.04b 0.86+0.04ab 0.7740.09a
PDR 15.92+1.38b 18.51+0.89¢ 18.7740.90¢ 16.4440.65b 14.7140.74ab 13.17+1.62a
SR/ % 97.78+1.92 98.89+1.92 96.67+3.34 96.67+0.00 97.78+1.92 98.89+1.92
CF/(g/cm?) 2.31+0.26 2.284+0.33 2.24+0.32 2.25+0.22 2.274+0.12 2.29+0.21
HSI1/% 2.12+0.24c 1.78+0.13b 1.5540.12a 1.5340.22a 1.51+0.35a 1.54+0.21a
VSI/% 9.07+0.44 9.124+0.56 9.1240.36 8.96+0.39 8.82+0.21 8.66+0.17

s W — AT B A R 9 21 38 m A 3% 22 57 (P<<0.05), T4l Note: Treatments without a common alphabet are significantly different
(P<<0.05) , the same as below. IBW : %] #f; & Jit & Initial mean body weight; FBW : £ {& i & Final mean body weight; WGR: 3 & %
Weight gain rate; SGR: $§ 2 4: 1 5 Specific growth rate; FCR: 1} & 44 Food coefficient rate; PER: 2 [1 5i % % Protein efficiency ratio;
PDR : #E FAULAL K Protein deposition rate; SR : £73i5 % Survival rate; CF: IL#% Condition factor; HSI: iFfA Lt Hepotasomatic index; VSI: I

A It Viscerasomatic index.

XF AN [ REAS B8R JE AT SGRATE M AR - 2.2 [EARZEBKEXN R EREHERWHLER

(FE 1A B.C), AT WL 3 FhBE A% 85 6 i)kl 25 11 5 ) 3 B

TR AR 497.1 A51.9 1446 g/kg.

=4

F1 3% 3 ], Bt DR 3 KR R GL A
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=0.0746x-0.9967 ¥=0.0455x-0.4615 »=0.0293x-0.4248
3.0 R*=0.9548 ° 2.0F R=0.8874 1.0} R=0.9042
<] e ©
5= o
250 R ° . 0.8F ™
S 20k : B = 1.5F \ S HE o
N Vo X=49.71% 3 o R 3 0.6F ' X=44.60%
A S L5k ' B Z 109 ! X=45.19% c < o '
% | ~ : ] 24 0.4F :
g 1.0t ' ©) ! o Y '
' @ 0.5F ' v '
0.5F : ' 0.2F H
' ]
L ' '
0.0 ! L L ! L 0.0, 1 " 1 1 1 0.0, ! :| ! L !
40 45 50 55 60 35 40 45 50 55 60 35 40 45 50 55 60
hal B K % T L 2 1 K % Tl 1 7K P %

Protein content in feed

Protein content in feed

Protein content in feed

A:Gl; B:G2; C:G3.
1 HABEARKESSGRIXR
Fig.1 Relationship between dietary protein levels and SGR of mandarin fish
®3 AREANEERET IMMBFEEFRYWRFTWHUENTL

Table 3 Changes of dietary protein level on nutrients apparent digestibility

coefficient of mandarin fish in three sizes %
5 Group E RPN Nutrients Diet 35 Diet 40 Diet 45 Diet 50 Diet 55 Diet 60
T#) 5 Dry matter 61.38+3.5la  63.92£6.56a  68.884+3.98b  69.00+4.06b  68.38+4.94b
- HAEH Crude protein 76.00+5.62a  81.17+3.58b  86.04+2.21c  83.12+4.46b  81.56+4.57b
HIEMF Crude lipid 84.91+4.09a 91.114+3.35ab  92.394+2.55b  93.41+4.62b  90.74+4.91ab
JBE Gross energy 67.61+2.22a  73.03+4.00b  79.16+3.95c  77.90+4.02bc  76.57+2.98b
+# 5 Dry matter 63.10£3.64da  65.4443.45ab  70.53+4.47c  70.87+3.54c  69.85+3.12bc  65.6041.63ab
G2 M Crude protein~ 74.85+4.18a  80.97+3.13b  84.10+3.09c  85.54+3.80c  82.39+2.40bc  81.50+4.49b
#ARI Crude lipid 93.11+£1.05 92.934+5.85 91.714+4.71 92.27+4.24 91.154+2.16 90.39+4-3.00
[ Gross energy 67.76£4.91a  70.26=0.89b  74.82+£2.84c  75.3843.86c  74.08£3.07bc  70.794-4.63ab
TH) 5 Dry matter 67.2840.48a  70.75+1.50b  70.8441.30b  71.63+1.98b  70.83+1.54b  71.034+2.01b
G3 M A Crude protein -~ 75.71+3.67a  80.93+1.24b  85.79+2.90c  85.93+2.82c  82.48+3.45bc  81.94+2.59bc
HUIEW; Crude lipid 90.65+4.48 91.06+3.41 91.25+4.78 90.25+5.65 88.93+4.18 89.77+5.68
JBE Gross energy 75.66+5.86 74.56+4.34 73.85+3.08 74.42+4.08 75.06+5.76 74.77+4.23

G2 41895 % ek v 9 Jo AN S BB A ADC el 3 1
FH(P<<0.05) 4R J5 #a TA e . G348, H A Tl it i
1% 25 A K SRR (350 g/kg ) b o6 ]k v 1 42 Jo 1Y)
ADCAR T H AL . 3 FhoRLAS 65, Bl 2 1)k} 2 1 &
(2 =, BB oL EE 1 09 ADC S T i AT
T ML 2R 1 KSR 550 g/kg B9 ARIRE, G 1 4H ot ek rh
FLIE 5 B9 ADC fi i, (H 2 G2 5 G3 AL 6 ) el Hop
JE W 8 ADC AN Fifi frp sk v 28 7K P 228 I s
23 AMEBKTEI AR IR L EEERN
A

3R 605t 1D T P JER AR 1 D T R A T
K25 BN 4 Frs . G1 A G2 4185, Bkl 11K
S B B B T T R R (P<<0.05) , B A
KT 450 g/kg Ja , G 2H 05 %) g 2 F TS A T
Fare s B EE T 400 g/kg Ji , G2 485 1 e 4E 1 il
TV TRE . SR, Y ) W 2R 1 (550 g/kg il
600 g/kg) falRHET , G3 2H 5% JB 2 11 B PR ek 55 o R

B KR 500 g/kg i, G124 85 A J 2 140 T 5% 17 ik
F i KA (21.504+1.29) U/mg, 1 B HE H K FEH
550 g/kg B, G2 20 8§ 1) Ji £ 11 i 37 1 Gk B B K (H
(31.5441.18) U/mg, Itk J5 BE & 10 kL 8 (% & 1Y
o, G1FN G2 25 8% %) J5R 25 11 i 0 M G 10 3 Pk 2
5 (P=0.05) o AN TR HUKS 5% (0 515 i s 01 it 355 4 55 40
B AR AL (P>0.05) . G146 1Y 3
it 1% M 5 kLR S B R O A G (P<<0.05) L, ]
TE T L 3 1 A Ik F) 500 g/kg JE A L T G2 A
G3 2858 174 A9 it 3% P 55 e} o B 1 o R R O
(P<<0.05).

2.4 EREBKFEX A E MR K ATAE R 5B iE
kAL

5 L, G148 8 GPT i PE S5 4R 1 &
R IEM K (P<0.05) . G2.G3 4851 GPT 1% VB
e Ak B 1 S A B N 38 i (P<<0.0.5) , WM 1 7%
ik 500 g/kg i), GPT i AR E . HFIEGOT 5
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Table 4 Changes of dietary protein level on digestive enzyme activity in foregut of mandarin fish in three sizes

AL RR S e . . . . .
5 Group ) o Diet 35 Diet 40 Diet 45 Diet 50 Diet 55 Diet 60
Species of digestive enzyme

JHREE 1/ (U/mg) Trypsin 12.94+1.26a 17.77£1.50b  21.504+1.29¢ 21.284+1.37c 22.16+1.63¢c

Gl Bl /(U/g) Lipase 25.56+1.54 29.79+3.22 28.93+8.52 25.60+3.60 25.77+1.41
TERIE/(U/mg) Amylase 0.1840.03a 0.3940.03b 0.5940.03¢ 0.427+0.04b 0.38=0.02b

JHRHE 1§ /(U/mg) Trypsin 21.324+1.02a 27.23+2.17b  31.224+0.87¢  31.33+1.33¢c  31.54+1.18c 29.89+1.31c

G2 Wi/ (U/g) Lipase 32.564+2.51 32.76£2.56  32.3043.00  33.10+1.94  32.61+2.80  32.49+1.17
JENEE/(U/mg) Amylase 1.204-0.04e  0.784-0.04d 0.66£0.08¢ 0.55+0.03b 0.43+0.02a 0.40+0.04a
JBEE F1 3/ (U/mg) Trypsin 16.124+1.66a 19.04+1.22b  22.90+0.60d 22.08+2.90cd 19.83+0.92bc 18.66-+0.59ab

G3 g Wi/ (U/g) Lipase 26.40+1.92  26.46+1.99 25.39+1.60 24.55+1.06 24.14+0.57 24.50+0.98
TEREE/(U/mg) Amylase 0.9240.03¢  0.84+0.03d 0.7540.03b 0.45-+0.08b 0.360.03a 0.347+0.01a
x5 AEEAMERKET 3HMEHATAR SETFET L
Table 5 Changes of dietary protein level on metabolic enzymes activities in
liver of mandarin fish in three sizes U/mg
251 Group fif Enzyme Diet 35 Diet 40 Diet 45 Diet 50 Diet 55 Diet 60

Gl KA GPT 26.58+1.15a 34.83+2.02b 45.00+2.20c  49.954+1.91d 51.744+1.79d
BRI E R GOT 37.42+2.75a 51.93+1.80b 62.57+3.83¢c  66.92+3.36cd  68.90+1.35d

G2 ANEEEE GPT 35.61+3.03a 40.87+1.18b 57.3542.05¢ 59.92+1.81c 58.53+1.94¢ 57.43+2.82¢
WHEENE GOT 23.58+2.90a 32.47+2.85b 47.35+2.05¢c  50.43+0.7led  52.3241.13d 52.94+1.47d

G3 AN GPT 27.14+1.67a 40.72+4.43b 51.96+2.04c 61.59+2.04d  61.22+1.63d 62.47+2.50d
A EEE [ GOT 28.40+1.55a 33.37+2.71b 39.78+1.72¢ 44.86+1.04d  40.63+1.31c 38.01+1.71¢c

TR A 1A T A T S AR S (P<<0.05) , G1 AT
G248k , GOT 1 M bl fa] Rk 11 35 5 A9 35 i 3% |
FH(P<<0.05) , R J5 #a THaE . G3 48K, 500 g/kg 2K
1B K AR BR2H GO'T 6 M de v, 1) M s 25 11 4
BH(550.600 g/kg) AR T8t GOT 6k .
2.5 EAREBKEXAE GRS & HE 2
A

H P12 A] DL, 3 TR RIS 5 11 2 R H M 32 90 5t R
T A . SRTERE RS 1~6 h & AR %

w s W
===
>

353
(=3

—
L=

[ -+ 40% +50%
- 45% *+55%

- 60%

R [me/ (kg * )]
SAHEM =R/ (mg/kg + h)

-+ 35% -« 45% -=-55%
= 40% =+ 50% - 60%

W BTt RIS 6 hAC AT IR BIEAE SR G BT TR, 3L
& B, U R R S DR AT B A 1 3 T
S TR —HE KT, BEE SRS A3, 2 i
HZ ] 00 22 S 3200 N R ARS8 LRSS 2 AR KM,
FUHEME RS 2 N0 50 106 Wi e SR 3B KA g
B IR BIAE K. B G2 R G3 4185, 24 ik 2 1
KPR 500 g/kg B, FLZU AU HE AR B 3 & T 450
g/kg AL B . A1, 0 e 7K S 28 F iRDRER, G3
21095 1) 2 AR R 2 T GL 4 (P<<0.05) .

10F = 35% -« 45% —=-55%
= 40% + 50% - 60%

HAGIR R (me/ke - h)

0

Ammonia nitrogen excretion

Ammonia nitrogen excretion

02 4 6 8 101214 16 1I8 20 22 24
B H)/h Time

>4 6§ 101214 16 18 20 22 24
5 [H)/h Time

Ammonia nitrogen excretion

> A 6 8 101214 16 18 20 22 24
5 [H)/h Time

A:Gl; B:G2; C:G3. NRIFH:FRIRA I 8 H K A BRAESS 6 /i 24 573 1.3 (P<<0.05) . Different letters indicate significant differences

among treatments at the 6 hour and 16 hour (P<<0.05).

H2 FEGHEGKT FRELE SR RN

Fig.2 Different dietary protein levels on the change of ammonia nitrogen excretion of mandarin fish after feeding
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% 1) 2 11 T SR 5 AR 8 WA OC , FE AR IR 5%
P, 3 FhoRAR B f) R B A 1 B K F-40 ) 4971
451.9 F1446 g/kg, G1 ZH 85 i) £ 1 5T 75 oK 1 fi (e L 3X
5 42 RA (Hemibagrus wyckioides)™ | i 41 (Cteno-
pharyngodon idella)""* | W} BE )47 1 14 (Sciaenops
ocelletus) " 4 R IE 45 R — 5, taRAEH LR G
B, AR P ARSRE o, SR RS R R
G RARE A BT LIS SRR B, i BE % £
PR A, A PN 3 1 B 5 S B T 0, A B 1S
RS S W T Gz, TR A B BT BT Y e SR AH
XEAR. Fioh, WA — R s, N B TEA
JEIAIIHT , b X R SS F0 17  WRACR HT BE T 8 2%
I LA B R R B

ABEFE R, BEE RHE EHKCE B 5 3 FloRE A
i WOR . SGRAETH i T e (R 1 4L A A Rk
REHC 22, ATRE /St TR A S AL, ARE ik 4
JfL ZH 2 MU AR 5T 4 Ak A2 08 1 R 1R A
KA AT 5 iR i) AT R g R, R 4 A %
R By aE PR S 3t 2R A = T R, R REw o
fift , 23 IMPRE T SRR P I HE 25 JRE DA T AR A1 £
Fer KEREN . AR B9 G R B R AR A R
LR S, R, AR 2 IR AR AR
Kukmetn g2 2 2R A qE R e . AR A
PR, AR K 450 g/kg BF, % G2 #1 G341
5 1) A PR RE A W I (52 0 (P=>0.05) , 31X 5 5t
e 2= I — 3, B AR PR UK E A 326.1
g/kg 3N % 563 g/kg, W i) SGR Fl PER J¢ &) 3 3
i, ek H K8 3] 500 g/kg JR kb o KA
] FAEAC S P R R VR, 5% A o A A e IR PR
Mg A [ ARk R KA R R
FI BT RE I HE T, KR AT TR I AR A
A MU (T, S 808 SGR R PER FEAK . 1fi
H 8 FKCF i i 2 ah R AR, 3 AU HE
IR R KB, AT RE S BOAR B S PER I PDR B
& TR KB T e T e AR, AR g 2R
LU, B FRHE UK R 52, 3 A RLAR B ) FCR
WE T, ERES (Paralabrax maculatofasciatus )
4 4020 2L K ® Ak 41 (Sarotherodon mosambicus) %
i PR RS b BT RIS R . AR
O, e S e B 1 R LA R g 1 T AR A
L) ST, K i PO AR R I %) 440 i R ) T 4 45 A
B AR B R0 BEZE R I R A5 R FALEE , AT

SR TR, FEFCR A5 .

AWFFE, 3R A [RIRLAS A 65 1) T4 it ADC 3
FEIA 61.38 %0 5] 71.63%4 , 3 —45 5 55 Mo %5 A 5%
X9 B 1 0T A VR A RO Ak 3R 0 i T AR I . e kR
oA A R R B BT ADC S T R AR
Carvalho %5 ' HF 5¢ 2 PR, 16 8 1 7 by 495.62 g/kg
(¥ H R, R AR R B Sy (27.02420.27) g /N
i (Centropomus parallelus) )3 1157 ADC 5 K, i
Wk 2 1 T v B SR B AR T R X ]
fiE 2 BT AT T A e T P 08 AR S B
(915, ABF T EE S G2 A1 G3 05110 I 2 (Al A
] W 2 KT 2 A TR S AR R A, R
e 5 % AR ORELRR W B9 ADC 5 B8 5 T 0 15 R A2
TRHE A KFERIRZ R . Qin & 2R RFST R, 95 H
PLEE (Pseudobagrus ussuriensis ) %) 6 14 B 85 1 B G 7
TETRRHE 17K -8 400 g/kg B 3k 21 5 K AE, B 5 i
Ve R Bl TC 0 25 25 5 o AR I 45 S W, 3 LA i
R AR P I 1 3 P AR — s S R N B DR S i R
TR . A3 A BT ] DA A AR 2
TH AT 9 5 JCORT 23006, DA T AR 2 £ 44 7 T AR A2
(AT, T A A R A 14 2 1 B & B, i 8 1 B A
AR o AR R R W Bl A AR R S
RGN, I AL BETS 7 B T RE AR N 2 R H R
e A T A A 0 e T BT S
AW, R A0 2 R A KRR R
fE i, K, R PSS B4 i 7 A5 B il
TG X 2 25 R B I PEA AR sE e, 524 8
FVEE VA AT LE, PR S Y T R il T P A
IR125 AR IS 25 R F W - G1 RS 05 1) i 408 BTG 7
TP RLEE 1 SRR SE B R N G2 R G3 LS
B ) G o S SRR AG o AR L AE Qin Y B g v
# Fi 4. (Pelteobagrus fulvidraco) B 3E K53 B 5 M B A
B 5K CF AR Ak Y 5 [RDAE A R 2T i
(Erythroculter ilishaeformis Bleeker)'*" | J5 1F 4 i
(Fang zheng Caucian carp ) &£ 25 g by g6 o A
B DR AR KT AR AT Sk 2 AR o U R T Y A
A P i e A 1 KT 4 e T AR B B R A R
9%

GPT M GOT Xf h ¥ @AM ACHIEH 2. &
FREPR AT 1 T35 P R ZECHE M Fr) 7K P DL 1 B A
PR EEARFR S . EARPEITH, GL R G2 Bk 9% 1
TFRE GPT A GOT 6 B 3 e ek 4 1 5 4 A3 34 o ofe
THE Ja R e, X 5 R A R X B R B A
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(Schizopygopsis younghusbandi Regan) 41 fi1 [#) WF 5%
ER—F A PR A T T
Ht e, 2R W A8 AT LAAS 280 R H ) e BRI A1 AE K
FAE RS A RS TRIRE M, 4 45 0 ]
A GRDRLIRE PRI o S2 R IR A 0 Al 0 1 ) T v AT
il 92 WY f PRI Tk vl 11 0 R IR AR S A IS 4 R
PEAEAT G IE R A 4 T R, B A 2
FEER , XA TR IR 2 T B AR R

IK A v R R a4 G LR Y L R
BRI L 9 ZH 7 A P B R o A R R 23 S A AL
PRSI IE R 2 5 40 SR A LU AR
WEFE Y FEBR 6 h 5 W05 3 20 AU HE M I 3 04 A
X 5 %I Y 6 (Oxyeleotris marmorata Bleeker)! |
S B0 (Culter alburnus)'™ | Je % % Ak 14 (Oreochro-
mis niloticus)" ™ (B FE 45 T AR . MR 2 S HE
EE 30 0 L g P[], T B 5 R R R R AL R
WA o Fang 51 BB R W], BFAE R D)5 4~8 h
MF AT BT 2~4 hi =@ AR s . A
e, S AR AR A 5 2 I LA 14> X T RE 2
o TR U R s A AR R AR =
e 01 TR TR D, — M BB AT RO K
55 Y GRDRL AR 1  R , A AAY HE R  E
e AR I ST 2 W 0 4h a1 H AU
Het 5 5 PR K-S IEARDC . AT A iR
2R 1 o ek 2 A AV A v 2 R i E D PR
TR KPR, R A 1 Bl H T3 AR
B DR K Id E , 2 AR R BRE
AE U H TR AR AR B A, 2 S EWUAHRCE 2
(9 24 A, KR B e 1S, SR B R 28 R fd B A2 3
J

25 AR R 1 B 3 A A 85 ) A A
AE TR R 38 AR R o) B L e ) A A
HEMEAT B RS20 o 2 15 e 2 (1R 23 X6
MR EREE A — R . 1Ak, & A
HRIEIN T 2 A K AV B HARI , DA X B 3% 2R 05 7
AT REFENFEEEM . AU B EE 3 FA%
B (%) e AR 2R 1 BRI R B B AR AR KPR RE AN
P4 AL RE 7 1 AL R kR A M E R B . 8
F18 i A R P B S R 2 DA G, AR AN [
TS B BR AT SGR T2k [0 A BLAY 434 , 90 4y 4 o £
9 (11.5841.34) . (94.77+2.59) f1(245.26+3.59) g
F 85 e 15 2 F R R 5 O 491.7 1 451.9 Fi 446
g/kg.
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Effects of dietary protein levels on growth,
digestion and metabolism of Siniperca chuatsi

GUO Wei', YIN Heng”,MO Aijie',ZHAI Yuxiang', YI Linyuan', YANG Huijun', YUAN Yongchao'

1.Key Lab of Agricultural Animal Genetics , Breeding and Reproduction of Ministry of Education /
College of Fisheries ,Huazhong Agricultural University/ Key Lab of Freshwater Animal Breeding,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China;
2.Hubei Provincial Agricultural Development Center , Wuhan 430070, China

Abstract To determine the dietary protein requirement of mandarin fish (Siniperca chuatsi) with dif-
ferent sizes, mandarin fish with initial body weight of (11.58+1.34) g (G1), (94.77£2.59) g (G2) and
(245.2643.59) g (G3) were selected to investigate the effects of different dietary protein levels on growth
performance, feed utilization rate , morphological indexes, digestive enzyme activity , antioxidant capacity and
ammonia nitrogen excretion. The results showed that when the protein content was 500 g/kg, the specific
growth rate (SGR) , final body weight (FBW) and weight gain rate (WGR) of mandarin fish in G1 and
G2 groups were the highest, while when the protein content was 450 g/kg, those in group G3 were the
highest. The feed coefficient showed an opposite trend.Based on the analysis of SGR’ s broken-line regres-
sion model, the optimal protein requirements of three different sizes of mandarin fish were 497.1 g/kg,
451.9 g/kg and 446 g/kg, respectively. The survival rate of mandarin fish with small and middle sizes fed
with low protein level (350 g/kg and 400 g/kg) diet was significantly lower than that of other groups (P<<
0.05) , but dietary protein level had no significant effect on survival rate of mandarin fish in G3 group (P>
0.05).Condition factor , hepotasomatic index and viscerasomatic index of mandarin fish in G1 and G2 groups
decreased significantly with the increase of dietary protein level (P<<0.05).With the increase of dietary pro-
tein level, the dry matter apparent digestibility coefficient (ADC) of mandarin fish was first increased and
then stabilized in G1 and G3 groups, while that in G2 group was first increased and then decreased. With the
increase of dietary protein level, the crude protein ADC of mandarin fish with three different sizes increased
significantly (P<Z0.05) and decreased slightly after reaching the highest value at 500 g/kg protein level. A
similar trend was observed in trypsin activity of the foregut. The activities of glutamic-pyruvic transaminase
and glutamic-oxalacetic transaminase in liver of mandarin fish at three different growth stages increased dra-
matically as dietary protein level elevated (P<<0.05).The ammonia nitrogen excretion rate of mandarin fish
with three different sizes reached the peak at 6 h after feeding and increased significantly with the increase
of dietary protein level (P<C0.05).When feeding with high protein level diet, the ammonia nitrogen excre-
tion rate of mandarin fish in G3 group was noticeably higher than that in G1 group (P<<0.05).The above
results showed that dietary protein content had significant effects on the growth performance, digestion and
metabolic indexes of mandarin with three sizes, and the optimal protein requirement could be determined to
achieve the optimal healthy breeding effect for mandarin fish.
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