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(PRE)#1 ik 7 £ (SR 2 B A5 B R R fh#a % J & FFR)N 2 ZF #r Ry # %, LT FW.SGR
1 FER W& EMEREYW, R RMY & k2| & tF 4 KHJE KRR FE WA E A KT N
34.57%~35.37%. ALK EZTRNE AR T &, &ERML 2 E A £ &E AR EA KT
W 33.61%~34.68%. MEFELHEGXFHAT, 6ERMLY &8 AN ESOD)E M E EAE
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EHRAMGOTHEAAGERRGTAS, mkFH, EFNEREEKFTRSEGZRMLY
s EK, REANRE, HERAEHEN, ERLELAGHT, K645 REKMER., AHARAER
FEERIEN, &R AR R EE A KT N 34.68%~35.37%,
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JEI A AR KPR 65 VS YRk gl £ A 1 DR 3 B G R I ) 5 ) 73

SR FRIE IR . DA A, A2 IR EE P ARG
TP R B & 1S VeSO AL R i I e, X
N TR AR R ZoR AW = . BRT, AR
VR Bk A Y FEAE P IE AN T B . A% %
(BREEE4E, 2014; WG5S, 2016), & 15T BHT fa)k}
ARG E SRR TR B8 R WAHRGE .

H AR IO E SRS, BeiE R fa RS
AR R IR, A, HSRHUAR B E
BER 43, TR 38 1 SR BB B VR S R A A A ORI AR i
(Jobling, 2012), ;2 E B RARKME T XRHEHNEZ
— o Ak b R T A A e RS X AR AR R AR AR R
S, ARk AR A IR, SRR TR, 52
M) 28 55 R0 25, ) s X6 #8288 1) 0 SR AL A — S 5 T
(Eguia et al, 2000). {H2&, FEfRLE N & 19 8 A
JT, BRIEINFRFE LAY, oo 0 8 T2 w0 2 i
FALM R A o, = K A B HEM Y, i
SEORHKRG Y, AR TARRE W TS L R
(Tibbetts et al, 2000; Yang et al, 2002), & T {53iF R 4
(SR B 2 B 30 2 AN A 850, N T BRE A iRk (1 3R
TR TR 5 77 5 10 2 ) SE PR B T R AT iR 5E o

AHRGE UL G VS By x4 Sl AN R 2R
KT AR AR | Ak ) FH 238 B G0 28 B 11 5
M, FTEIE RS N EaE EATRE, NEIER
{58k N T Ak ) 2 — 2D AR B i — i A B SR

1 #MREH*
1.1 SCIgmy

AR 3 FASE RS AR (AR . TR
KA 3 FlAS ) A B R O P R . T K AT B3 1
ANTRVER B B 4 D AERR A e SE g0 1R 8H(25% .30% .35%
1 40%). dE 3 60 H Gt ks i 5 10 k4% iR L A )
FREIFIRAIG , T4 CORFEIRAT 55 F o FEml 5256 1]
R 1,

12 ZBIHYRAFER

ARSI A KT 5 B XA e IR,
P E s, STV 3%~5%MEh K ki, T
1.2 mx0.5 m=0.8 m /KB F7= 7 d 5, B, T
B i) 5 1 ekl i 720 JR AR K (8.57+0.35) ¢, il
MLk 44, B4 3 A EE, B1MER 60 B, I
SR 12 A KM (1.2 mx 0.5 mx0.8 m), 233
PR TR B K 1Y) 4 Tl S a8 sk o 456 R i S s A et
INA B KRR BEFE, TR HLR I T, ARk
WL HEME 3 Y (07:00, 12:00 F1 17:00), %/ 1 h 5

FEBR I S MR, SCI I 60 d. FRFEBIN], &
KF 17:00~19:00 HIEESJG 19 B KKK 1735 KM
FU SRS U0 1) f R DL A BOK R . KT A . SRR
) 7KK 20°C~24°C, pH N 7.0~7.5, iK% = 6.0 mg/L.

® 1 EARES REFER TG

Tab.l Composition and nutrient levels of basal diets
(air-dry basis, %)

FEE BT R
Dietary protein level(%)
25 30 35 40

J5 B} Ingredients

EKH) Corn meal 35.20 22.20 11.80 0.10
W# Wheat middling 12.50 12.50 12.50 12.50
51 Soybean meal 18.40 18.40 18.40 18.40
a-£F4EE a-Cellulose 0.00 2.00 4.00 6.00
fa ¥} Fish meal 17.00 27.00 36.40 46.20
H1 Rapeseed meal 8.00 8.00 8.00 8.00
Wi Premix’ 2.00 2.00 2.00 2.00
SALABBHE Choline chloride 1.00 1.00 1.00 1.00
B NaCl 0.20 0.20 0.20 0.20
K& il Soybean oil 420 420 420 4.10

B — =55 Ca(H,PO4),-H,O 1.50 1.50 1.50 1.50
IR Nutrient level®

MEH Cp 24.98 30.17 35.05 40.15
FLAE; EE 6.60 6.64 6.68 6.62
K4 Moisture 10.24 10.11 10.32 10.28
JHfE Gross energy (MJ/kg) 322 3.19 3.16 3.12
MUK Ash 10.03 10.12 9.87 10.07

TE: L 25 HUREC Y & T e R R e R A4
JLE AR A 30000 [U; 4E4E % B, 50 mg; 484 EK B, 60 mg;
YE/E 3K Bg 40 mg; 4E/1 %K By, 0.2 mg; 4% C 200 mg; 4k
4K E 600 mg; 4E4EE D 325000 [U; 443 K 100 mg; 2
FR%5 120 mg; JEFLER 100 mg; MR 20 mg; AWK 7 mg;
WLEE 250 mg; CuSO4-5H,0 7.20 g; FeSO,-7H,0 122.0 g;
MnSO,4-H,0 5.16 g;KI 6.58 g; ZnSO,-7H,0 15.56 g; NaSeO,
2.10 go 2. TRPBFE RS R SEAE

Notes: 1. The compound premix provided vitamin and
mineral for a kilogram of diets: Vitamin A 30000 IU, Vitamin
B; 50 mg, Vitamin B, 60 mg, Vitamin B4 40 mg, Vitamin By,
0.2 mg, Vitamin C 200 mg, Vitamin E 600 mg, Vitamin D
325000 IU, Vitamin K 100 mg, Calcium pantothenate 120 mg,
Nicotinic acid 100 mg, Folic acid 20 mg, Biotin 7 mg,
Inositol 250 mg, CuSO4-5H,0 7.20 g, FeSO4-7H,0 122.0 g,
MnSO,4-H,0 5.16 g, KI 6.58 g, ZnSO,-7H,0 15.56 g, NaSeO;
2.10 g. 2. The feed nutrient contents were measured values

1.3 EBERAEEEH &

FRRH A RS, X SEgR i TR EE(24 h),
I3RS TSR IR A FEALER 10 B A S UReHk, F MS-222
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RS0 mg/L)JFRER, 0 % 1A 5 J5 A i 0140 5 IFF TR
Z: R0 4 55201 5) B4 77 7 004 7 FR AP AHL AR 1) ) 5 o

1.4 3E#RME

141 AKMEAEFARNZ LU T IR B, I RE ST

RIIRIAE, SCRATHRE, FR 1 d, MEAHS
B fn MR, RS IRIE I ] GRDRL A BRI IR ] K

SEEOHTE AR, THRE R AR R AR R AR
AU SRR AR IE %

¥ 78 42 K % (Specific growth rate, SGR,
(In &R AR —In B) 43 1A ) < 100/77 58 K 4L

FH F1 JF %K (Protein efficiency ratio, PER)=(ZK
P ) A R )/ 1 BT

[ U0 B & (Protein retention efficiency ,
PRE, %)=100x%& [ [5x4 hin &t /2 1 B A &t

FEE & (Feeding rate, FR, %)=100x4% & i /[F75H
KRB (WIUG PR+ LR R E)/2]

TARISC% (Feed efficiency ratio, FER)=(ZAAHE -
RGN TR S S PN s

S % (Survival rate, SR,
W46k FE B0/ W1 1k FE AL
142 ZEigiregnl g R FH WM R A 1 I
RV FR i (Acid phosphatase, ACP)(ZE52AK, 1987).
ACP iGN E XN . LIAE 10 mg AFEATZH 207
37CHEYAEA 60 min, 774 1 mg By A 1 AEHE S
BN (U/mg) o 2R a5t B A 9 TR A A i)
D JFE R 103 45 D3 76 2 B (GPT) ﬂﬁ%%@(GOT)
6 7o SR FHAcE 2% B B v 0 e IR 2 1 % L ik
G0 T e A ) TR ST T, ﬁ%?ﬁ%f’ﬁ%ﬂﬁiﬁ
G UL R AT o R FHE AR = F AR A A D (5
4, 2006)HE (LY A L (Superoxide dismutase, SOD)
V. SOD M PEHALE L 1 g FFHZUR N SOD

%/d)=

%)=100x (LK B H-

IR IE B 50%0 Fr B By SOD #(U/g); i AfLR
fitf(Catalase, CAT)IE P4 R R FH v i iR 1 ki g 12 I o2
(FLAEMESE, 2012) CAT G AN E UM 1 g BF4
A4 1 min 730 HyO, I8 1 NS PE AL (U/g)
15 HELEFE

SEU A T B A5 25 (Means+SD) Rk . 52
B A5 K FH SPSS 19.0 Ziit 4k One-way ANOVA
AT R 7 200, AR 2R, HiET
Duncan [CiffT 2 H i, 257 WE/KFEH P<0.05,

2 HEREHWH
21 HERIZEAKENATRESEERKERREER
FAZRNZMm
)R K SE X 6 7 R ik 4 £ Ak K e fig R el R
FIFR B UL 2, BEERBE K ER T, &
ek R T (FW) . FFE A KR (SGR) A RIRCR

(FER)SE LT, 1B /K- =35%E A6 8.
SGR 7EfaRHE FKSE R 35%0 ik K (2.13%/d); FER
AR RHE KR 40%KTH5: K (0.98) . 2 1 AR
(PER) . % 1 B T # (PRE)HUEE R (SR 2 56 T+
Ja B R AR a3, BIFEmPEHER % R 35%0 i
R, 439k 2.77 . 44.73%F1 98.89%., %% (FR)
] 52 B AR A #a#h . FW . SGR il FER (3464540
SR 1. B2 fE SR, AT fae.57 g
5 B i A AR K R R KRB R 0 R REER UK
34.57%~35.37%. VAU 2k U5 1k K P (%)
5 PER(y) M PRE(Y,)fIKER, SEIHTHE y=-38x+
25.54%-1.583 (R=0.8094) , y,=—724x+502.12%43.669
(R=0.8636), | PER FIl PRE #x i}, Tkl HKF
435K 33.61%F1 34.68%,

F 2 AREAKEIGTIRH L & E KRR R AR 2R R0 O {08 1 22)
Tab.2 Effect of dietary protein level on the growth and feed efficiency of P. dabryanus ssp (Mean+SD)

D AR MR EARCR OB B GRACK RIRE
levels (%) weight (z)  weight () SOR (%/d) PER PRE (%) FR (%) FER SR (%)
25 8.59+0.20 19.94+0.46" 1.40+0.01° 2.45+0.02°  37.06£0.27° 2.16£0.02¢ 0.61+0.01* 86.67+3.34

30 8.31£0.50 24.07£0.31° 1.77£0.08° 2.59+0.06°  40.46£0.93° 2.09+0.04° 0.78+0.02° 92.22+1.92°

35 8.67£0.12  31.22+0.99° 2.13+0.03° 2.77+0.09°  44.73+1.51° 1.94+0.04° 0.97+0.03° 98.89+1.92°

40 8.70£0.35 30.65+1.96° 2.10+0.07° 2.53+0.06™  40.89+0.9°  1.83+0.03" 0.98+0.02° 97.78+1.92°

W IR BUR Y K 3 N EEREE; FAE
FoR 2 H W F(P<0.05), FH

PR /NG R B T R R R 22 5 AN .35 (P>0.05), ARG bk

Note: Data were means and standard deviation of three replicates. In the same column, values with same small letter
superscripts or no superscripts denoted no significant difference (P>0.05), and different small letter superscripts denoted

significant differences (P<0.05). The same as bellow
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Pr ' 40% 1Y S 360 2 22 ) 22 5 0 35 o T IR UE ao A g
30} ! (CAT)IEPEREE R FUKF T, B5ETHR R

2 25) I WA, TEDEHE [ i 35%Mik i oRME,
B a0g T HI28 8763 | 18.01 Ulg. JHFIEIE 2% V3 %6 Ul (GPT) il 43 F0 s S il
2 15 : (GOT)I B IDRH 8 11K P9 This BT A
= s .
B ol ! AT AR, FLITEBDRNE Aty 35%h okl
® | 3486 —>) 43518 12.59 U/mg F129.81 U/mg.
1
0 I | - ) _
25 30 35 40 o
{AKZE (17K V- Dietary protein level/% B h
S 40 1
1 DR (KT £ Yt i T % 5 # 2 35t .
Fig.1 Effects of dietary protein level on the final % o301 !
weight of P. dabryanus ssp 225 y=—724x2+502.12x—43.6§9
I § 20 R*=0.8636 |
25 R E 15 F I
o Z10f  x3468 —> :
£ i =0 L ‘
#2510 : 0 30 35 40
ﬁ‘ é 1 y=73x-0.4233 | TARHE 7K Dietary protein level/%
R?>=0.9999
L 1
B el | P4 G EUKOT A £ v VRHAN £ 2 R TRLR A 1
.‘§ 05t ¥=34.57 —> : Fig.4 Effec?ts of Qigtary protein level on the protein
=3 I retention efficiency of P. dabryanus ssp
w
() L
30 35 40 25 ¢
ﬁﬂEEUJ(:F Dietary protein level/% ’
L
2 RV FKF AT £ 7R D i G 3R R S = 20 '\‘\.\_
Fig.2 Effects of dietary protein level on the specific growth *q"é
rate of P. dabryanus ssp ;éﬂ L5r
30r £ 1o —2.28x+2.746
20l y=38x125.54x-1.583 ﬁ 09831
o928 R=0.809%4 B 0.5
& 2.7
%‘ 3\ 2.6 1 0 L L )
RE- " 25 30 35 40
% % ;Z ; : TARLE F 7K Dietary protein level/%
Py I S DR KPR £ 5 VR 5kl £ £ % 1 B
E 22 x=33.61 —»: Fig.5 Effects of dietary protein level on the feeding rate
;(1) I 1 of P. dabryanus ssp
"2 30 35 40
1ABIE F 7K SF Dietary protein level/% 121

K3 DR KX £ 1 PR k4l £ 2 1 PO A 52 R
Fig.3 Effects of dietary protein level on the protein
efficiency ratio of P. dabryanus ssp

22 AMEBKFENEERMA EATRAERZEE
e EA

TRk 2 11 7K 65 75 DR 5k <)y £ JEF S 5 28
PERIRZ I L3R 3. BEE RHE AT, RIS
8k &y £ JFF 9 U A8 S Ak 40 5 AL Tl (SOD) i 1k &2 e T i I
T RUE AL, HAERHE o8 35% ARk
B, 4 118.44 U/g, SOD IEMAEGIRIE N 35%F0

10b 7=3.6x-0.2933
R=0.999

2
g
>
Q
808 1
é 1
5 1
2 0.61 |
3 1
o2 L — —>
o} 0.4 x=35.37 |
1
§ 0.2} |
E , 1
25 30 35 40

FARIE H 7K Dietary protein level/%

K6 RHE K 5 1 Y Sk 4) £ 1 R R R
Fig.6 Effects of dietary protein level on the feed efficiency
ratio of P. dabryanus ssp
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Tab.3 Effect of dietary protein level on the immuno-enzymatic activity of P. dabryanus ssp (Mean+SD)

HFKF ALY B AL U =R IaN T P 2 it BN A A G
Dietary protein level (%) SOD (U/g) CAT (U/g) ACP (U/mg) GPT (U/mg) GOT (U/mg)
25 61.92+4.78% 12.45+0.62° 59.58+3.71 9.72+0.21* 24.77+0.61%
30 97.42+4.10° 14.74+0.37° 57.76+4.69 11.47+0.24° 28.68+0.60°
35 118.44+3.66° 18.01£0.72°¢ 59.32+5.29 12.59+0.51°¢ 29.81+0.24¢
40 113.97+4.17¢ 14.22+0.57¢ 59.80+4.10 9.97+0.50* 25.74+0.36°
3 it SR TR P T A 1AL AR B 1 R A

31 AREAKEXNEZRML EERKERRER
GRS A

ARG BEE TRLE KPR, A
KA LR GH, AR IMEA & A2k
FI7KF Z ] B A2 ) -7 1 5C 25 (Robbins et al, 1979).
Martinez-Palacios 4#(2007)f 58 3R, TEMELH N
I8 A AR AT DM 2R A K Hd S A 2
FEGEE ARG, 17 2 238 o i 2 AR A
i A BUEAE . PR B, DB FKSE X a2
19 A R FVRDEH R FH R A 1o 35 (XA 45, 2016;
M S, 2014), W FE X B 4L 6% (Melanogrammus
aeglefinus) . A% V4 & J ARV fi (Menidia estor) ffE {& T
iR #22(Hor abagr us brachysoma) U BIF 55 T4 & 3, a2k
AR S BEE R R FKCR R R A B TR B TR E
(Kim et al, 2001; Martinez-Palacios et al, 2007; Giri
etal, 2011), [HEEFELE2016)% 2 E(Brachymystax
lenok) Fll Ozério 5 (2009) Xt 1 47 # 2 f§ (Diplodus
vulgaris) R &I, 1R KT dRDiH R P s il £n 2
A, IRORP 22 S 1Y SR IR ] BE S £ 2 A b [a) R R
PE . S8 sh ) B A SARRVE SR T AN DG, HALH]
WA

OREERER T L H BX RS R RN
R, HZEREE A KR (Luo et al, 2005; Wang
et al, 2005), ARG A B, BRI E A K15
Tk, kR B R A LA S B R T
Fefadh, X5 Peres Z5(1999)%) 7 14 fifi(Dicentrarchus
labrax) i 57 25 R — 2 H B Fh I 1 JE DA A RE 2
H T A 55 K F 9 02 SR IR S R Rk, MLl T 1 2 X%t
EA MR, R A A AR g SRR X
SR M

AR RN, A ERHE K R B, £
KEF BRCRE BT m E AR ARG 3 BRoH: 55
(2014)%} fifi o1 (Lateolabrax japonicus)if5t & ., 1k}
L UK 45%0F, S A RRCEB RIRK, HY4H
HK ARSI m i), S AR 0 TR, 5SS

AR, e P AR i AL e, A
17 2 L 1 SRR B (Santiago et al, 1991). 44
1Mi, Lee Z5(2000)%+ 4 f¥(Paralichthys olivaceus) . Kim 4
(2005) %] # i 1 (Pel teobagrus fulvidraco) i il 55 & 31,
[SEREE xS SN T | B S = Dy B2 R 5
I 8 #5 (P<0.05) . 5K % 5% (2016) X ik [ 5 (Acipenser
dabryanus)iff 5t & B, REHE FKFETE 30%~40%H
HABRCRIF I 22 5, (B SRR K 40%
HINE] 50%H}, A BRCR 2 E NS,
PRI Fh B0 1 i A AT e 5 £ ) B 2 RN ARDRL A 5 AR 43
FH

TEARTFFE T, W& DRHR FKCE 0 T s, Bkl
RE BT AR, TERDRHR S =35%
Ja, B TRE ., X584 6T 55,
2010)F1 K2 ¥ (Scophthalmus maximus L.)(Lee et al,
2003) IR E 4 R — 50, PRI, 7E R TR NS Bk
SEEE T, ATDME SR AR AR, ik, H
MW R, S5 AR 2, SE A A
WO

32 RAREAKEXGE ML) S TR ZEEE
' B 2 M1

TR KSE A 7 — 2 R L AR R R
PERPETIRE ., SOD Ml CAT J& kI a2 hi L e 1
WEIER, 505 (2012)%] /8 % %k 1 (Oreochromis
niloticus)4y fa bt 58 & B8, 3 48w iR 1 3 AT 4R
e ¥ BAEfa g SOD Fl CAT. Lee %(2003)ffF 5% %
B, SOD ] DL i vk 55 16 M 4 A il T BILAR 1 B 1)
Piti. 5i4h, CAT W LL#E AL HLR ) Ho0, 55,
A% H,O F1 Oy, ISR FN B 1k A F 35660 20 it 1Y) B 5
AR A, BETRETAE S SOD K& Mk FK
FI RIS EFEATEEMMES, B CAT 23
Je FTHE FRERES, X5 T EEEAE(2009) % - 1 i
(Cynoglossus semilaevis Giinther) fil Mourente %5(2002)
%o 4 3k i (Spar us aur ata) AT 97 45 SR 251

GOT i1 GPT J& iy £ HLAA 240 it 453 403 1) T A s
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(K F IS, 2015), TEARWFGH, RiE FREE FKF
B TH s, ISR Ekh fa iT A GOT F1 GPT i 4 5k
Tt 5 B g #a e . X £71 (Cyprinus carpio) . % fH
(Cyprinus specularis). 18l H & (Sepia lycidas) i 5¢
YR, R ITEE GOT F1 GPT 4Bt k& 1 /K -
Th i 2 e T E AR Y AR Ak B (RE SiESE, 2014
K4 2015; FEREE, 2011; T4, 2016), 54
WFIE 25 R —B, FEAR P B INE B EA, 7T
B R N o N B S o A 2 e BT P = = D O
e KA BRI, DA X JFF R s A R, o A
HHY GOT A1 GPT Wit A MK, FFNEH GOT #1 GPT &
WD AR R, YR s 4 vk S T B
TE—E TR b2 BVpBHE K- RS20, 1IN B Y
K AT LR & 2R i B fig

4 NG

ABFSE KB, i B R DR FKCOE AT AR 5 1 T
kgl r AR PR RDRESOR | SR SRS, 2
HERME, SFEmaRERKRZE, EARME. &
9 Tl 1 PR R TE SR T [  28 LR, B B AE K M RE
TRDRER FH R S S e WG 1, 5 7S U ik &y e f 3
FKF-l 34.68%~35.37%.

& % x #

Chen Z, Liang MQ, Zheng KK, et al. Impact of dietary protein
level on growth performance, body composition and
protease activity of juvenile Lateolabrax japonicus. Progress
in Fishery Sciences, 2014, 35(2): 51-59 [E4E, REAT, #B
SETIRZ I Y o - R O 0 iR SR N iV WA & {3
Jisgm. albBh2E iR, 2014, 35(2): 51-59]

Ding LY, Zhang LM, Wang JY, et al. Effects of dietary protein
level on growth performance, body composition and plasma
biochemistry indices of juvenile starry flounder, Platichthys
stellatus. Journal of Fishery Sciences of China, 2010, 17(6):
1285-1292 [T iz, SRFIR, Ebrsk, 5. FRE K
Xt D) 84yt AR A AR R M 3R AR AR R 2.
EK =R, 2010, 17(6): 1285-1292]

Eguia RV, Kamarudin MS, Santiago CB. Growth and survival of
river catfish Mystus nemurus (Cuvier & Valenciennes)
larvae fed isocaloric diets with different protein levels
during weaning. Journal of Applied Ichthyology, 2000,
16(3): 104-109

Giri SS, Sahoo SK, Paul BN, et al. Effect of dietary protein
levels on growth, feed utilization and carcass composition of
endangered bagrid catfish Horabagrus brachysoma (Giinther
1864) fingerlings. Aquaculture Nutrition, 2011, 17(3): 332-337

Gu HZ, Lu LQ, Yuan QS, et al. A comparison between two
methods for determination of SOD activity. Pharmaceutical

Biotechnology, 2006, 13(5): 377-379 [l & &, Mi%ifE, =
g, . ESAYEALBEPTRRINE TR L. 25
YiHi A, 2006, 13(5): 377-379]

Huang T, Zhao B, Diakhate B, et al. Analysis of morphological
differences between Paramisgurnus dabryanus and Misgurnus
anguillicaudatus Formosa cultured in Zhoushan archipelago.
Journal of Hydroecology, 2016, 37(2): 83-87 [#ii, #Xi¥,
Diakhate B, %. FHLAEE KEEREIJEHHKS I AL
ESHET. KA, 2016, 37(2): 83-87]

Jobling M. National Research Council (NRC): Nutrient
requirements of fish and shrimp. Aquaculture International,
2012,20(3): 601-602

Kim JD, Lall SP. Effects of dietary protein level on growth and
utilization of protein and energy by juvenile haddock
(Melanogrammus aeglefinus). Aquaculture, 2001, 195(3—4):
311-319

Kim LO, Lee SM. Effects of the dietary protein and lipid levels
on growth and body composition of bagrid -catfish,
Pseudobagrus fulvidraco. Aquaculture, 2005, 243(1-4):
323-329

Kong DS, Wang XR, Li WJ, et al. Age-related changes in
catalase activity in different tissues of mice. Journal of
Biology, 2012, 29(3): 11-13 [fLfE[E, TMEsR, Z=3CF, %.
NRAR L B AT SR G R . AR
i, 2012, 29(3): 11-13]

Lee JK, Cho SH, Park SU, et al. Dietary protein requirement for
young turbot (Scophthalmus maximus L.). Aquaculture
Nutrition, 2003, 9(4): 283-286

Lee SM, Cho SH, Kim KD. Effects of dietary protein and energy
levels on growth and body composition of juvenile flounder
Paralichthys olivaceus. Journal of the World Aquaculture
Society, 2000, 31(3): 306-315

Li B, Liang XF, Liu LW, et al. Effects of dietary protein levels on
growth, feed utilization and the enzymes activity on
nitrogen metabolism of grass carp (Ctenopharyngodon
idellus). Acta Hydrobiologica Sinica, 2014, 38(2): 233-240
[ZEM, 0y, XUSrdE, 5. GaPRHE KT KR Fifa
A TR AN U DG RETG PERSEA. KA ARy
2, 2014, 38(2): 233-240]

Li YL. Manual of inspection clinical medicine. Jilin Science and
Technology Press, 1987, 362-370. [Z54 K. IIfi PR EE 45 56;
FlE. BRI R, 1987, 363-370]

Liu W, Wen H, Jiang M, et al. Effects of dietary protein level and
feeding frequency on growth and some physiological-
biochemical indexes of GIFT strain of juvenile Nile tilapia
(Oreochromis niloticus). Journal of Fisheries of China,
2016,40(5): 751-762 [XIfh, SCAE, 5, 45 GARRE R
I 5 BEMRAT A0S 75 o 2 AR Ay £ A K e B B A AL
FEARIIREIA. KT 2E4R], 2016, 40(5): 751-762]

Lu X, Cheng ZY, Sun JH, et al. Effects of reducing dietary
protein level on growth performance, meat quality and
immune responses of common carp (Cyprinus carpio). Feed
Industry, 2014, 35(6): 29-35 [, FL4HIE, MM, 2.
REAR AR} v 28 P B /K P X IR A A PR B B T
Wi, AL T, 2014, 35(6): 29-35]



78 ook B

%39 %

Luo Z, Liu YJ, Mai KS, et al. Effect of dietary lipid level on
growth performance, feed utilization and body composition
of grouper Epinephelus coioides juveniles fed isonitrogenous
diets in floating netcages. Aquaculture International, 2005,
13(3): 257269

Martinez-Palacios CA, Rios-Duran MG, Ambriz-Cervantes L,
et al. Dietary protein requirement of juvenile Mexican
silverside (Menidia estor Jordan 1879), a stomachless
zooplanktophagous fish. Aquaculture Nutrition, 2007, 13(4):
304-310

Mourente G, Diaz-Salvago E, Bell JG, et al. Increased activities
of hepatic antioxidant defence enzymes in juvenile gilthead
sea bream (Sparus aurata L.) fed dietary oxidised oil:
Attenuation by dietary vitamin E. Aquaculture, 2002,
214(1-4): 343-361

Ozorio ROA, Valente LMP, Correia S, et al. Protein requirement
for maintenance and maximum growth of two-banded
seabream (Diplodus wulgaris) juveniles.
Nutrition, 2009, 15(1): 85-93

Peres H, Oliva-Teles A. Effect of dietary lipid level on growth

Aquaculture

performance and feed utilization by European sea bass
juveniles (Dicentrarchus labrax). 1999,
179(1-4): 325-334

Qiu CW, Wang HX, Chen DH, et al. Research on artificial
propagation and early development of Taiwan Loach.

Aquaculture,

Fisheries Science & Technology Information, 2014, 41(6):
284-289 [ERAETE, Eahfs, PRdR, . GIEEIEsO T %
SRR B RIS, KRR, 2014, 41(6): 284
289]

Qiu CW, Wang HX, Chen DH. Morphological differentiation and
sexual identification of male and female Paramisgumus
dabryanus ssp. Journal of Hydroecology, 2017, 38(5): 87-91

[ERAETE, Fahifs, PRPR. &5 e Bl i 25 22 5 b
KA AR, 2017, 38(5): 87-91]

Robbins KR, Norton HW, Baker DH. Estimation of nutrient
requirements from growth data. Journal of Nutrition, 1979,
109(10): 1710-1714

Santiago CB, Reyes OS. Optimum dietary protein level of
growth of bigbead carp (Aristchthys nobilis) fry in static
water system. Aquaculture, 1991, 93(2): 155—-165

Tang L, Xu QY, Wang CA, et al. Effects of dietary protein levels
on blood biochemical parameters in mirror common carp
(Cyprinus specularis) at different temperatures. Journal of
Dalian Ocean University, 2011, 26(1): 41-46 [fE ¥, %
K, Bz, S5 ARZKIRAEEE SR G i i
AEALFEFRISE . IR, 2011, 26(1): 41-46]

Tibbetts SM, Lall SP, Anderson DM. Dietary protein requirement
of juvenile American eel (Anguilla rostrata) fed practical
diets. Aquaculture, 2000, 186(1-2): 145-155

Wang JT, Liu YJ, Tian LX, et al. Effect of dietary lipid level on
growth performance, lipid deposition, hepatic lipogenesis in
juvenile cobia (Rachycentron canadum). Aquaculture, 2005,

249(1-4): 439-447

Wang MQ, Li Y, Che XR, et al. Effects of protein and satiation
degrees on growth and immunity of Cynoglossus semilaevis
Giinther in industrial culture. Progress in Fishery Sciences,
2009, 30(4): 27-37 [E3E, &5, Lm, % BEARY
TRUET BEXS T AL FRAH A 38 7 R A S S s el
REEHEE, 2009, 30(4): 27-37]

Wang Y, Jiang XM, Le KX, et al. Effects of dietary protein level
on growth, muscle composition, and enzyme activity of
Sepia lycidas during early growth period. Marine Sciences,
2016, 40(3): 87-94 [VEIT, &M, RnldE, 55 WkER
JEARSF- XL H S A T A A R RE L LA L3 R
TR, RN, 2016, 40(3): 87-94]

Xu GF, Liu Y, Hao QR, et al. Effects of dietary protein and lipid
levels on growth and amino acids in muscle of juvenile
lenok, Brachymystax lenok (Pallas). Journal of Fishery
Sciences of China, 2016, 23(6): 1311-1319 [#¥E4%, XITE,
RIHA, 5. Kﬁﬁﬁﬁ%ﬂﬁ?ﬂﬁﬁﬂiﬁﬁﬂiﬁﬁi@ﬁliﬁ
FNLA AR & i g . EDK T RE2E, 2016, 23(6):
1311-1319]

Yang H, Xu QQ, Le YR, et al. Effects of dietary protein level on
growth performance, body composition, hematological
indexes and hepatic non-specific immune indexes of juvenile
Nile tilapia, Oreochromis niloticus. Acta Zoonutrimenta
Sinica, 2012, 24(12): 2384-2392 [#%5L, R, RIRZR,
SRR F BUKEXTE B B AR g A KR RE L R4
B MR AR R AR R S P E S SRR 2R S
Fe24R, 2012, 24(12): 2384-2392]

Yang SD, Liou CH, Liu FG. Effects of dietary protein level on
growth performance, carcass composition and ammonia
excretion in juvenile silver perch (Bidyanus bidyanus).
Aquaculture, 2002, 213(1-4): 363-372

Ye YT, Cai CF, Xu F, et al. Feeding grass carp
(Ctenopharyngodon Idellus) with oxidized fish oil up-regulates
the gene expression in the cholesterol and bile acid synthesis
pathway in intestinal mucosa. Acta Hydrobiologica Sinica,
2015, 39(1): 90-100 [M-It+, 2FIF, VFL, 5. HERE
A A £ 7 8 280 R T T L R 5 A PR i 33K
FE. KARAREIEAR, 2015, 39(1): 90-100]

Zhang BL, Gao MZ, Cheng ZY, et al. Effects of reduced feed
protein level on growth performance, body composition and
immuno-enzymatic of common carp (Cyprinus carpio).
Feed Research, 2015(8): 49-55 [5 8, miAR, FRite,
S, BRARTADRHER KO X R A ARy e e T s
Wi, GREHIFSE, 2015(8): 49-55]

Zhang L, Wei QW, Zhang SH, et al. Effects of dietary protein
level on growth performance, body composition, digestive
enzyme activities and blood biochemical parameters of
juvenile Acipenser dabryanus. Freshwater Fisheries, 2016,
46(6): 79-85 [5kH, fuikdfh, KPIR, S FRHEEHKF
XF ik IR Al AR A PERE . IARZH A T ARG P DL K i
AEACFEAR IS . IRIK Y, 2016, 46(6): 79-85]

(Gt D)



53 RIS TR KT B IS TR Skl Ak K L ARDELR R R G B A 1 S R

Effects of Dietary Protein Level on Growth Performance, Feed Efficiency,
and lmmuno-Enzymatic Activity of Paramisgumus dabryanus ssp

ZHOU Chaowei'™", ZHU Longl# , ZENG Benhe'?, REN Shengjiel, LI Mingshu02, LEI Luo', WU Qingl

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, Key Laboratory of Aquatic Science
of Chongqing, Department of Fisheriesin Rongchang Campus, Southwest University, Chongging 402460;
2. Department of Veterinary Medicine in Rongchang Campus, Southwest University, Chongging 402460;
3. Ingtitute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa  850002)

Abstract The present study aimed to investigate the effects of dietary protein level on the growth
performance, feed efficiency, and immuno-enzymatic activity in Paramisgumus dabryanus ssp. Four
diets were formulated with 25%, 30%, 35%, and 40% protein, respectively. In total, 720 P. dabryanus
ssp with an initial body weight of (8.57+0.35) g were randomly divided into 4 groups with 3 replicates
per group and 60 fish per replicate. The cultivation of P. dabryanus ssp lasted for 60 d feeding with
the four diets. The results showed that the final weight (FW), specific growth rate (SGR), and feed
efficiency rate (FER) of P. dabryanus ssp increased with increase in dietary protein level, and
plateaued at the dietary protein level of 35%. Initially, the protein efficiency ratio (PER), protein
retention (PRE), and survival rate (SR) increased, and then started to decrease. However, the feeding
rate (FR) showed a gradual decrease with increasing dietary protein level. The results of broken line
simulation of FW, SGR, and FER showed that the P. dabryanus ssp had the optimal growth and feed
efficiency rates at a dietary protein levels between 34.57% and 35.37%. Furthermore, the quadratic
polynomial regression analysis revealed that the utilization of protein by the P. dabryanus ssp reached
the highest level at the dietary protein levels between 33.61% and 34.68%. The activity of superoxide
dismutase (SOD) in P. dabryanus ssp increased at first and then plateaued with increasing dietary
protein level. The activity of catalase (CAT) in the P. dabryanus ssp increased at first and then
decreased. The activity of glutamic oxaloacetic transaminase (GOT) and glutamate pyruvic
transaminase (GPT) in the P. dabryanus ssp increased at first and then decreased with increase in
dietary protein levels. These results show that a suitable dietary protein level can improve the growth
rate, feed efficiency, and immuno-enzymatic activity of P.dabryanus ssp. Furthermore, a
comprehensive analysis of growth performance, feed efficiency, and immunity-related enzyme
activity revealed that the optimal dietary lipid level for P. dabryanus ssp is 34.68%~35.37%.

Key words Paramisgumus dabryanus ssp; Protein level; Growth performance; Feed efficiency;

Immuno-enzyme
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