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A [EZE A7k fEH 3T E & (L ateol abrax japonicus)
FRMEEER ISR REREME

wipl M RRE REH Y EME
HEH Y EEY BRFES
(1. KEBTERYE  KiE 1160215 2. FEHEFE2SHERER LR S
WAL RE S EY - M BIIRERE  H8 266071; 3. BEEMARAR A 610063;
4. RNV FRUGPEWY AT RS R R SR P EKRIER R SR ST S 266071)

WE U EAARAS 30%EREaEM) LA RA, &% A K@ EPH), & mE &K
f# 4 (PBPH) ., B2 & KM (YPH) M B4 & & K4 (SPH) 2 Al R RE T 10% 8 & A, B
B 5 RSN E R, BRWLTHEE Y 31.99 g ty7E 4 (Lateolabrax japonicus) 8 &, it
AR F AR E KIS K FARFA . RARRS R EFERERENE T, £RET: &
AR LB 8 7 UE R AR 97.78%-98.89% % 8], % H B 3 M 2= F(P>0.05); FPH 415 FM 41 Hy R & fn
PR KRR, HE 2% H B % £ R(P>0.05), 18 % %% T PBPH 41 .SPH 414 YPH #1(P<0.05);
FPH #4118 3t %% T FM 41, PBPH 4141 YPH #1(P>0.05), E % % & T SPH #4(P<0.05); 4 5L 4
U T E R B EE R (P>0.05); FPH A& A% XL EZF & T FM 4, PBPH 4. SPH 470
YPH #41(P<0.05); FPH 41, FM 4178 YPH 41t % & i L fA % £ % & T PBPH 4142 SPH 41(P<0.05)
4R 7 i FPH An YPH & 5 35 36 i fe 5 T fik o 0 7P a0 M b B B . BR M sb BR B L A8 A (L A B b B |
A EE S EGIAME S, B 5 T FM 4. PBPH 44 SPH 41(P<0.05), FPH 41 097545 # fRof
EHA4ESH TFMAMYPHA, B2 %1 % %(P>0.05),FPH 41 & 2 & T PBPH 41 1 SPH 41(P<0.05).,
GE®, s AR EGKBNERER GRS 2, 2RAKBHBRRRE, HARBEE
BB . B AKEN TR A KR

XEIR 0 Y BAKEY; £k EFEREAR

FEDES S963 XEMHRIEEE A XEHS  2095-9869(2017)03-0096-10

WL, AN R Bk, T RARWT Lk,
IS, SRR AW LT, TCEE AT
K= FRE ) 2 R, TR A S B IR AR Ry 2 R
P H A B ) AR A . TFE R, A%
I Bk 1) 2l A 0 A 1 U AR A R s i R X — [ A
146 2 i (Lim et al, 2011; Suloma et al, 2014; Hi¥k

4, 2015), HJZ, HEYER IR AR faDREE F2E

TAHPUERNT | AIRAT M5 08, R A
I HR PR B P 0 XA e B R R FHRARAIG ; 1f
SR IR R R A B, e T Rk YA
P, B AR A RCR I R FRAR (S R I AE, 2005,
JE £ 4%, 2005; Kaushik et al, 2010; Lee, 2002),
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RIS S AE . TR TR B K A0 AE 9% (Lateol abrax japoni cus) A= 4K 1 B B AR 4R S M G 5 1 52 97

16 R PG P (Salmo salar) . Wi i €71 (Dicentrarchus
labrax)5F BF 5T & B, DRk b S i 2 K AR
WY, X ) A K R RRER A R R AE H (Hevroy et al,
2005; Kotzamanis et al, 2007). Zheng %(2012) % B /)
4y F i 0 8 K R Y RE B 35 2 & F 6F (Paralichthys
olivaceus)# i IR e A K . i J& —Fp R w B 2L
MR A BTRIR, HA MM E RS RS 38%,
LA AR 75%0 AL e A e A B R R
FHRR K ik, ol S RN R AN, ™ B A R 2 L R
(ANt R | I PR N 22 2R ) o R Tl 7K ik 2 mT LA
F 0 K A3 25 B O3 il o 22 SRR O3 e 5 R R
AR KA, AOUR SR TR IR S R R
PE, M H S M P R, R KA S T
28 3k B AL, TT 5 B A PR SR A (B R A
1995; RZEF[HE, 2004), AT & A PUE IR F A
KA S Y, BRI T K S B
AE 12 (19 74 fL W2 0 (Kaushik et al, 1995). 3¢ PR S
(2005) % BH 52K 25 95 in it 16 500 7T 2 o HG o R 3 Bt
BIRHE T WK G Y AL 4E 4, FRIEZ
WL A 7= R, R A R A TR R 2 7 A R A O T
e, HEARS &S, B HGEEEZMEAEL kL
PECAINH RS S T, TF ORIk 2 K 5 B¢
VR ELA Y 2 DA (RN B 5 28 S (R R4, 2008,
Sanderson et al, 1994), MIPE5F(2015) &8, Rkl
U N B 7K i T 8 55 K 32 BT (Scophal mus maxi mus)
it MR S e e 7 . R LAk 1 e R4 0 3 g
AW 5T LA AL B (Lateolabrax japonicus)4l ik if 42,
WE 5% 48 8E o i DL B3 E K fi# ) (Fish protein
hydrolysate, FPH) . J# Ifil. & [ 7K f# #) (Pig blood protein
hydrolysate, PBPH) . % 1 & 1 7K fi# # (Soybean
protein hydrolysate, SPH). P ;8 7K % 9 (Yeast
protein hydrolysate, YPH)# X ¥ (Fish meal, FM),
XFHARYERE . TRLRIE - Ao SRR M
AYSZNE Sk 2 7Kl ) A A S Rk v i) g P B ARt 4
REHE -

1 HRE®
1.1 EBKBUHH &

AW LIS fHE | B8 0k . SRR . MU RR A
JIEEL, 2% Zheng Z5(2012)M77 s, R FHRUEHIEE &
KA, AT pH N 8.5-9.0, 55C/KM# 5 h, Btk
5, BOISEDK RN, Weds TS , 193] FPH. PBPH.,
SPH il YPH., & T—20°C K%, 1#AE%&H.

1.2 SEIgE

DLk R ORI FEE R, ol E AR
U5, A/ INZE R BRI, SO0 ARl L £ R
KRS . A8 A K Y . SRR EUK Y | bk
T FK AR T R 10% B ks A 1, B FPH 4.
PBPH 4 .SPH £ Fl YPH 4, 30% 3 2 % M %f B4,
RIFM 20, TRHEC TS FE SR o anak 1 firs, SEge )
BHERIE Ry L 80 Hfi G, FuariRS), A EHuR
MU TR EAR N 3 mm 1 5 FhEE R N8 MYl A 1
B, 55CHET, B T-20CukE RS

1.3 LG ESEHE

S AE W VLA T T G L TS K T R A R
R K TR AR TR AT o SC IR BT A T 2K A (3.0 mx
3.0 mx3.0 m)HSE IR 1 R, (HGE I K AR 1 AR
PR RN LR} Y 4 MR 3 S 06 A I /K 77 X AR (1.5 mx
1.5 mx2.0 m) 15250 , LU W) b -3 1AE Ry 31.99 g,
B MRS 30 B, HAAEH 3 NEE ., LR
[B], AFRBLIE 2 ¥R (06:00 F1 18:00)FE LM E, F#HH
JAWIA 8 JH o A SEIR T IR i, SEER AU 24 h, Bl
BILE B e . RAR 4 5] Y S £, FRER S BEAIL K
A SERG IR, FERENL A SRR, SR A ARG,
TR KR pH, BRI KIRERRE | AR
R WK N 28-29.5°C, EhEHN 30 47, pH
H7.2-7.5, BIRESTEL Tmg/L, EE<0.5mg/L,

14 HEmRESELSH

SIS TFUREY, BEMVLEL 5 BfFRE, fRAFTF-20C
UKAE, HHRga bR A s . ARSI RS,
W g Lk 24 b J5 A R, FRICEES A
G A, 3 ST N P AE T S A R RO AR B
&, IHEAAERAER,; RS T &M 10000)H
i, MEEASAL LA BEALEE 6 B fh, s AR AR,
THE A B, [R] B X 1 g e £ figk ) 45 20 P A AT R
IE, S 5IFRE, FHF AR E R AR b A b PRl
HE6 R, A1 ml —IRMETCH A H R K
M, fRFBUIFE, MEEAE 4CHE 4h )5, 4CHRIUET
4000 r/min .0 10 min, WH EEIMTE, FEMES
JFE-80°C RAFRFIN 3 M EEA™PIAEBEHLIR 5 8 S5 fh
PRAFF-20°C, HFAEE ST

TEpRL A e S AE 105 CHET R iEE, ik
BE T A, SRR AT AR o ML TR
FL G AR AR (PG 2 /AL VELP UDK142, &K
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Fly s KLBE ok 2R PG4 Ok A (R IR 440 IR AR BERR A (ACP) . IR PEBE IR i (AKP) . A
SOXTEC™2050, F13); KArsE . Jelsktmib® (kW LEF(SOD) . Bt sa L J1 (T-AOC) il T Ik 8
T, RIGTA DAY 550°CHABE 6 h, JLE VLN P e B 2R P R i A ) T AR 9 i A 7 A AR R
B MR P AR &S ENE . R % A K (Tecan Infinite M200 AR, Hat:), % 5
T ERA % THRHL FDU-1100, HAS) 24 h J5, R/ (LZM) % FH Fg 52 2 52k 40 TR BF 5 BT A 7= iR 0] &
FIEMR A HHAL(H 32 L-8900 B, HA)MA; MyEMAF @i e HEm .

F1 LREARBFNEFRAR

Tab.1 Formulation and proximate chemical composition of experimental diets (%)

2 5 Group

J5 8} Ingredient

FM FPH PBPH SPH YPH
i} Fish meal (FM) 30 20 20 20 20
675 /K fi##) Fish protein hydrolysate (FPH)" 8.5
1 1136 1 K fi# 4 Pig blood protein hydrolysate (PBPH)? 7
THITE K fi##) Soybean protein hydrolysate (SPH)? 12.5
B HE 3R 14 K fi#4)) Yeast protein hydrolysate (YPH)" 14.5
2 M1 Soybean meal 13 13 13 13 13
¥ ik Wheat gluten meal 9 9 9 9 9
T KFE I H Corn gluten meal 12 12 12 12 12
Fii/NEE B High-gluten wheat flour 21.4 21.9 23.4 17.9 15.9
Wilg Phospholipid 1 1 1 1 1
AHH# Choline chloride 1 1 1 1 1
7l Fish oil 7.5 8.5 8.5 8.5 8.5
Y ZIRA Y Vitamin premix” 1.5 1.5 1.5 1.5 1.5
WY IR A% Mineral premix® 1.5 1.5 1.5 1.5 1.5
W — 4% Ca(H,POy), 1.5 1.5 1.5 1.5 1.5
4 g % C Vitamin C 0.5 0.5 0.5 0.5 0.5
Y4457 Ethoxyquin 0.1 0.1 0.1 0.1 0.1
HFE4H R Nutrition composition
7K 73 Moisture 5.80 5.45 5.07 5.15 5.23
HLZE 4 Crude protein 46.53 46.65 46.82 46.41 46.72
HMLAERT Crude lipid 10.75 10.97 11.01 11.02 11.07
JK4) Ash 10.41 9.41 8.73 10.36 10.63

1 fgE KR MR A i 76.98%, HLIEINT & it 0.18%, MUK i 10.76%; 2: I FIKARY) . ML & &
89.18%, MG &k 0.17%, MUK & 6.57%; 3: ZOMEFUKMY . MBS 58.18%, MR & 0.16%, MK
EEE17.23%; 4: BERRE FUKIEY) : MBS 5 52.37%, MR i 0.18%, MUK i 10.76%; 5: 4EER IR G Y (mg/kg
or glkg filkh): FRMEZE, 25 mg; I, 45mg; HMRMMEEE, 20 mg; 4E4:% B12, 0.1 mg; 4E4%E K3, 10 mg; ALEE,
800 mg; VZM2, 60 mg; MR, 200 mg; MR, 20 mg; AEWHE, 1.20mg; HEAEEK A, 32mg; fAEE D, Smg; 4EXE,
120 mg; WKy 18.67 g; 6: W IR A Y (mg/kg or g/kg ikl : WAL, 2 mg; MALAN, 0.8 mg; &fbsh, 50 mg; GRERM,
10 mg; BRERWEL, 80 mg; HRMREE, 50 mg; GRAEE, 1200 mg; BEMR —&45, 3000 mg; & fb44, 100 mg; WAk, 15.51¢g

1: FPH, with 76.98% crude protein, 0.18% crude lipid, 10.76% crude ash; 2: PBPH, with 89.18% crude protein, 0.17%
crude lipid, 6.57% crude ash; 3: SPH, with 58.18% crude protein, 0.16% crude lipid, 17.23% crude ash; 4: YPH, with 52.37%
crude protein, 0.18% crude lipid, 10.76% crude ash; 5: Vitamin premix (mg/kg or g/kg diet): Thiamine 25 mg, Riboflavin 45 mg,
Pyridoxine 20 mg, Vitamin B12 0.1 mg, Menadione 10 mg, Inositol 800 mg, Pantothenate 60 mg, Tocopherol acetate 200 mg, Folic
acid 20 mg, Biotin 1.2 mg, Vitamin A 32 mg, Vitamin D 5 mg, Vitamin E 120 mg, Wheat flour 18.67 g; 6: Mineral premix (mg/kg
or g/kg) diet: NaF 2 mg; KI 0.8 mg; CoCl,6H,0 50 mg; CuSO,'5H,0 10 mg; FeSO, 7H,0 80 mg; ZnSO, 7H,O 50 mg;
MnSQO,4-4H,0 1200 mg; Ca(H,P0,), H,0 3000 mg; NaCl 100 mg; Mordenzeo 15.51 g
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Tab.2 The amino acid composition of experimental diets (% dry matter)

2 5 Group

Amino acid composition M FPH PBPH SPH YPH
WA R IR EAA

JNE R Thr 1.74 1.73 1.51 1.55 1.69
B Val 2.18 2.19 2.38 1.91 2.13
EER Met 0.75 0.79 0.60 0.78 0.93
SRR lle 1.95 1.97 1.21 1.97 1.88
FLE MR Leu 3.47 3.30 3.61 3.49 3.37
RINZ TR Phe 3.89 3.98 4.02 2.97 2.70
2R Lys 2.27 2.45 2.55 2.11 2.14
AR His 1.08 0.98 1.21 0.97 1.16
KM Arg 1.88 1.87 1.59 2.12 2.17
e E AR NEAA

RAHIR Asp 2.71 3.13 2.52 2.52 2.39
22512 Ser 1.68 1.88 1.60 1.63 2.10
AR Glu 8.04 8.54 7.25 7.80 7.73
HHEM Gly 1.94 1.99 1.72 1.72 1.62
WA Ala 2.32 2.93 2.28 2.20 2.32
EIEERR Cys 0.60 0.59 0.55 0.61 0.65
Fi% Z R Tyr 1.47 1.29 1.24 1.33 1.27
A= % Tau 0.20 0.23 0.13 0.13 0.12
RAHR TAA 38.19 39.84 35.99 35.80 36.38
WA R FEIR S SEAA 19.23 19.25 18.69 17.87 18.18
e A AR S A ENEAA 18.96 20.59 17.30 17.93 18.20
SEAA/STAA (%) 50.34 48.32 51.93 49.92 49.97
TEAA/ENEAA (%) 101.39 93.50 108.03 99.67 99.87

EAA: Essential amino acids; NEAA: Non-essential amino acids; XAA: Total amino acids; ZEAA: Sum of essential amino

acids; XENEAA: Sum of non-essential amino acids

15 HEERZFITSHAE

OGS . WER | R KR B,
WECOR . EASCEL . EARUURE . A BT
IR L FIE N BE 2% LR A

1715 2 (Survival rate, SR, %) = (Ng—N;)/Ngx100

I # % (Weight gain rate, WGR, %)=100x(W—
Wo)/Wo

H € M K R (Specific growth rate, SGR, %/d)=
(InW—1nW,)/tx 100

BB # (Feed intake, FI, %/d)=W/[(W+W,)/2xt]x100

T B8R (Feed efficiency, FE)=(We—Wp)/W

T F#F H(Protein efficiency ratio, PER)=(W—W,)/
(WxP)

M BT (Protein productive value, PPV, %)=
(W P—Wox P)/(WxP)x 100

{4 He (Hepatopancrea somatic index, HSI, %)=W,/

W;*x100

JEAA H (Viscerosomatic index, VSI, %)=W,/Wx100

JIE3% i (Condition factor, CF)=Wy/L*x100

R, No AN 2050 W46 FBE T A4 6 £ R AL
W, W, £ W, 2351 ok g B fa 45 B B ARDRLT 9 o B (g)
S0 TT ey N B 1 A B () 052 0 445 ORI A 7 ) A4
(g), P. Pyfll PR EHEE A1 & i (T H %), L5
T Uy Bt A AR B 1 2 (00 T %) AT S 56 245 o s AR
EHETEOREY%), t RRFHELIRE(d). W, I
mn O (), W, AR Al f IR EE (g) . Wy SR A £
K (g), L AR ALK (cm).

ALK H R, YR SPSS 16.0 Geit- ik f 7
AN KT 220 M1 (One-way ANOVA), # 2% 5 0 kT
X345 £ H# H % (Duncan’s multiple range tests), P<0.05
BN 2 R W, A R DO I bR R
(Mean+SE)% 7K,
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21 AEEBKEHXLE KT RFF AR m

AN TR B 7K fift P %k A 85 A RN ARRE A %) 52 g
L3 3, 45 b B SIS 0 A7 I SRR BRI 2
F(P>0.05), AKW¥E, WEAR . FE KT FPH
ZHA FM 4 e, BT Z A AT i 3814 25 5%(P>0.05),
{H 5. 2% % T PBPH 4. SPH 4l YPH 41(P<0.05);
FPH 4AKIECEE T FM 41. PBPH 41H YPH 4
(P>0.05), H &% T SPH 4(P<0.05); FPH A& M
MR B ZEET FM 41, PBPH 4H. SPH 4H#fl YPH
24 (P<0.05); FPH 4 # [ R IR & T FM 41 /il PBPH
4 (P>0.05), HWE T SPH 41(P<0.05),

2.2 A[EE B KRR T8 0 28 Ry

AR AR St A oK 43 ORLER T L ORELIR I R 4
AHTECHE DL 4. FEf (R K 73 B AE 71.60 %-72.75%
ZI], HAE A SRR 15.01%-16.57%2 1), HASH & &
TE 5.74%7.41%Z [0, JK573 & mAE 4.27%4.56%Z 1],
A A B AL 5 f0 R HR K A3 R 2 e I B v 2 5
(P>0.05); M M7E FPH 415 T FM 44f1 YPH 41, {H
ZFAREEP>0.05), £ FPH 4. FM 41/ YPH 41
T SPH 41(P<0.05); HLAEWi7E FPH 41X PBPH
Z1F1 SPH 4, (HI%A P2 5(P>0.05), 7F FPH 41
KT YPH 41 F1 FM 4H(P<0.05).

ANTRVEE A K S 6 A6 5 T A5 45 bn B S2 i L 3% 5,
JIEAA HE 7R 4% 21 22 18] 22 5348 1 3 (P>0.05) 5 IR Hu7E

* 3 AREEBKEMITIEEERKERF BRI CF B E AR EDR)
Tab.3 Effects of different protein hydrolysates on the growth performance and feed utilization of L. japonicus (Mean+SE)

2} 5 Group

i H Items
FM

FPH PBPH SPH YPH

Y1) Initial body weight (g)
K#AFE Final body weight (g)
4 F 2 Weight gain rate (%)

31.99+0.05
116.23+1.01°
263.37+5.66°

271.14+8.58°

32.00+0.10 32.00+0.02
106.05+£2.09*  104.82+1.74°
231.36+11.78" 227.53+8.53"

31.9540.05
109.45+1.49°
242.54+7.30*

32.00+0.05
118.79+1.65°

FrE A K # Specific growth rate (%/d) 2.30+0.02° 2.34+0.02° 2.14+0.04°  2.12+0.03°  2.20+0.02°
FFIE 3 Survival rate (%) 98.89+1.11 98.89+1.11 97.78+2.22  97.78+1.11  97.78+1.11
FAE A Feed intake (%/d) 1.87+0.06 1.84+0.09 1.9240.11 1.97+0.03 1.9440.06

TR Feed efficiency 1.09+0.04*  1.12+0.04 1.00£0.09®*  0.97+0.01° 1.01+0.03%

R L Protein efficiency ratio 2.34+0.08°  2.39+0.09° 2.13+0.10°  2.09+0.01° 2.16+0.05%

HF BT Protein productive value (%) 38.99+2.25°  37.96+1.50° 32.21+0.68% 31.18+1.49"  36.59+1.35*
e FATEGREY, MHFE LT RRR Z R A B E(P>0.05), FH

Note: Values in the same column with the same superscripts were not significantly different (P>0.05), the same as below

R4 TEEBKEDI LG L F AR BRI CE I ELPRER)
Tab.4 Effects of different protein hydrolysates on the body chemical composition of L. japonicus (Mean+SE)

SRE N0 215 Group
Body chemical composition (%) FM FPH PBPH SPH YPH
7K 43 Moisture 71.88+0.58 72.75+0.21 72.41+0.45 72.27+0.66 71.60+0.91
KL Crude protein 16.27+0.35% 16.57+0.20° 15.39+0.14% 15.01+0.24° 16.19+0.44%
LI W7 Crude lipid 7.41£0.11° 5.74+0.10° 6.5140.26" 6.2840.35"  7.00+£0.27"
IR Ash 4.41£0.21 4.51£0.17 4.460.08 4.5620.05 4.2740.04

®5 FEEB KB G SIEARE R IECFH (HLhrEDR)
Tab.5 Effects of different protein hydrolysates on the morphological indices of L. japonicus (Mean+SE)

SR i=L N 2H ) Group
Morphological indices FM FPH PBPH SPH YPH
ML VST (%) 9.60+0.82 8.99+0.52 9.52+0.35 9.97+0.37 9.62+0.58
AP L HST (%) 1.56+0.14% 1.29+0.36° 1.69+0.40 1.82+0.07° 1.56+0.08%
e % CF 1.49+0.04° 1.46+0.04° 1.42+0.06% 1.34+0.10° 1.45+0.04°




%31

RIS S AE . TR TR B K A0 AE 9% (Lateol abrax japoni cus) A= 4K 1 B B AR 4R S M G 5 1 52 101

FPH 411 T PBPH 41 . FM 411 YPH 4, (HI% A &
2 S R IR A R A R L 6, AR
S HAE FPH 41 . YPH 4 .SPH 411X T FM 4 (P>0.05),
(P>0.05), 7E FPH 41 W 1L T SPH 41(P<0.05); i
JETE FPH 40 . FM 4. YPH #{f1 PBPH ZHi% A &
P2 5(P>0.05), {H7E FPH 4. FM ZHH1 YPH 4H i
HE T SPH 41 (P<0.05), {H 4 KT PBPH 4
(P<0.05); HiEFR & HEAE FM 47T FPH 41, YPH
H(P>0.05), H 35T SPH 41, PBPH 4H(P<0.05);
FEAUR 10 Fhbig 2 B/, BRI E Z 5,
ko HAfh 7 M TFRAERY LR EFEER
(P<0.05).

2.3 AREZEBKEY s 5 ATEER R %
=0k
AN TRV E 7K 40 5% A8 85 1L 385 MR U v 81 s PR

fifi(AKP) . FRVEWEBR B (ACP) | # A AL ¥ fL i (SOD)
74 TR i (LZM) 35 PR R B BT S8 AL RE 1 (T-AOC) 4 52 i IiL

# 7. fEMiE+, AKP, ACP, SOD. LZM i F1
T-AOC 7 FPH 4 & %% T YPH 41(P<0.05), 7£ FPH
YHF1 YPH 4145 E T FM 4. PBPH 41F1 SPH 4
(P<0.05); 7EAFHEH, AKP., ACP, SOD. LZM i&ME
Ml T-AOC £ FPH #H & # & T YPH 4 (P<0.05), £
FPH 41f1 YPH 41 3% % FM 41. PBPH 41/ SPH
#H(P<0.05),

3 Tt

31 ARZEBKBHXEGER, ARFAMNEE
SRR ZH AR R

AR, AR, W Aok s
FPH 241 A 2 8 A A K R 5 X0 I FM 4G Wl 35 Pk
Z5(P>0.05), 71 PBPH, SPH 1 YPH 40 A A 2
A E A KR E T FM 41(P<0.05). fF58 & 31,
5 YPH 1 PBPH #H, FPH WA T 4k i (Sparus

aurata) F1 R I i £ 4y £ 1) A= K (Gisbert et al, 2012;

*k 6 AEZEAKBYIEY AEIERLERBIZIE% Y5 CFAELRERR)
Tab.6 Effects of different protein hydrolysates on the amino acid composition of L. japonicus (% dry matter)(Mean+SE)

FRETR A A 2H 5] Group
Amino acid composition FM FPH PBPH SPH YPH
Wi 2 HEIR EAA
R Thr 2.5140.04 2.34+0.21 2.1620.10 2.19+0.11 2.29+0.12
R Val 2.46+0.04 2.24+0.21 2.08+0.09 2.08+0.08 2.18+0.12
HER Met 1.29+0.09 1.23+0.13 0.94+0.09 1.14+0.06 1.2040.16
SRR lle 2.21+0.06 1.99+0.20 1.85+0.08 1.85+0.09 1.95+0.13
LR Leu 3.83+0.07°  3.57+0.07° 3.97+0.05° 3.63+0.09° 3.61+0.10°
KN EFR Phe 2.97+0.09 2.93+0.08 2.88+0.10 2.76+0.05 2.83+0.04
HHAATR Lys 4.57+0.09° 4.39+0.33% 3.83+0.18% 3.81+0.18% 3.97+0.17%
%R His 1.20+0.09 1.18+0.12 1.2940.08 1.1740.05 1.13+0.06
AR Arg 3.53+0.07 3.31x0.31 3.08+0.13 3.1340.13 3.29+0.21
e TF AR NEAA
KEF MR Asp 4.8140.20 4.7440.18 4.70+0.11 4.47+0.23 4.73£0.26
25 R Ser 2.4240.01 2.29+0.19 2.09+0.08 2.15+0.12 2.3340.20
KRR Glu 8.60+0.08° 7.90+0.20%° 7.28+0.36" 7.37+0.35% 7.77+0.41%
HE B Gly 4.29+0.09 4.43+0.24 4.16+0.12 4.2240.12 4.38+0.31
AR Ala 3.71£0.02 3.55+0.29 3.31+0.10 3.3340.13 3.54+0.23
PR Cys 0.43+0.03 0.39+0.02 0.38+0.01 0.39+0.02 0.39+0.01
& =R Tyr 1.87+0.01 1.68+0.17 1.5940.08 1.60+0.09 1.60£0.07
AR Tau 0.28+0.04 0.24+0.04 0.22+0.03 0.21+0.01 0.23+0.04
BREHEMR TAA 50.98+0.14 48.39+2.16 45.80+1.16 45.50+1.70 47.43+2.14
AT EER B SEAA 24.59+0.20° 23.18+1.28"  22.08+0.57°°  21.77+0.72°  22.45+0.63%
TR E HE R S ENEAA 26.39+0.05 25.21+0.91 23.7240.62 23.73+0.99 24.97+1.53
SEAA/STAA (%) 48.22+0.25 47.86+0.60 48.21+0.27 47.86+0.26 47.42+0.87
93.16+0.95 91.82+2.22 93.11+0.99 91.78+0.97 90.28+3.16

YEAA/ENEAA (%)
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X7 AEEAKBRYIIEGIMFMEFAESR AKP. ACP. SOD. LZM j&FMEF T-AOC BIS4 M CF- X {H AR fE1R)
Tab.7 Effects of different sources of protein hydrolysates on activities of AKP, ACP, SOD,
LZM and T-AOC in serum and liver of L. japonicus (Mean+SE)

F8 45 Indices

2H 5] Group

FM FPH PBPH SPH YPH
Ifily Serum
TP R B AKP (U/100 ml) 16.11£0.30°  23.99+0.22¢ 15.68+0.65° 11.29+0.28* 19.94+0.77¢
R PEWRBREE ACP (U/100 ml) 14.85£0.25°  24.66+0.27¢ 14.49+0.69° 12.14+0.58° 20.30+0.45°
ALY L SOD (U/ml) 0.94+0.01° 1.17+0.01¢ 0.93+0.01° 0.88+0.00° 1.01£0.01¢
R LZM (U/ml) 129.2042.41%  149.87+1.41¢  121.87£2.97*  118.40+2.81*  141.20+3.27°
MPTE LR T-AOC (U/ml) 0.29+0.01° 0.37+0.02¢ 0.28+0.01° 0.24+0.01° 0.33£0.06°
FFHE Liver
TR i AKP (U/g prot) 68.57+0.99°  84.32+1.54¢ 60.18+1.26 58.43+1.65" 74.74+1.35°
PR P W R iF ACP (U/g prot) 819.98429.12° 1064.95+21.08%  811.4843.80°  742.61+£7.63°  943.77+17.50°
ALY {1k SOD (U/g prot) 22.39+0.65°  25.74+0.24¢ 21.23+0.12% 19.98+0.47° 24.01+0.36°
YR HEIBF LZM (U/mg prot) 452.80+7.63% 529.33+£15.18%  437.07£6.27°  362.40+8.81*  495.47+6.86°
MYTEALAE S T-AOC (U/mg prot) 0.34+£0.01° 0.41£0.01¢ 0.34+0.01° 0.31+0.01° 0.37+0.00°

Skalli et al, 2014), X SAMFFRLERFLAR—2, T
i1 55 K i 0 R0 B R B K R 4 9 A KSR T
IS TINORE I P 7K S0 R0 KA B K S A TR T AL
I, WINAE FKEY Y FPH 4L FAES Nk
EHKMEYE) YPH 41, 7ERER . WRSCRAE A
FRUTE R S FM 400 &P 2 5% (P>0.05),
FPH 41 f1 YPH AWM E AN KL B EST FM 4
(P<0.05), JitifHHESE(1992)/ PBPH AU faky, WY
(0-6 JEAIES)PRIGEE | (RDRESCR AT 3k 31 5 A0 0 2 AR [R] 7K
o AT RI, 52 B B R, ST
00 A PR RE N B P 5 R 3R 0 R A (28 SCA
2007), AHFFEH, A K i H FnEERE R K
St 0 2L 1) AR ) FH RS A0 98 in 4 I B 1 K
FVGRAEE K R 2 o I 5 i £ R A K 1 3 R A
CINGPRE = SIS 1087 N ala Sl 1 S IV o 1
ARG | AR (EH W, 2014)", X —
eI A A S SE TR P A BER IR B, Ao B PR
ASTRl R 5 R 2 AR B T SRR N A AR
Mg RR , S24 MR 1E PBPH 4 b & 55, MifE FPH
rp iR, X — AR A R S R Y e —
2, FUA DR L R Y B B 5 ) A R 2 R
FIDTRR . (HJ2, #i% R 7E PBPH 4k &R,
I AR R Y 5 R 1 B B I FM 4, R RS R
TEA AR P AT i 25 2% 5%, {H7E PBPH 4 &

JE T LR A AR, X R B PBPH AL 10% 4
AT BEAA - i 22 R ORGSR R AR HEPUAE R o X — 45
TERZZGEAGA G P A BESE, A (2015)7E 1R R}
HAR A TR E A8 A8 2R GRS I 0L 1.19%F1 2.39%)
SRR AN 0. 0.9%F1 2.0%) 5 LB, 45k
124 R FVRS 2 R P WS Nt 43 0 2.39%F1 0.9% (KD
SEER SR 3.45%F1 2.23%)IF, PR WL A ES
PUERT, AR LA o R FD 52 A R i KT oAt
ACERL, EAER R IR, AT & P
PUER, PRt #aR AR A R 7 e 1 i) 25 7=
e .

32 AEEAKEYIIEGMBFFMIFHEIESEREER
9% B9 22 i

ARG, FPH 41, YPH 4L A i o iy
ACP, AKP. LZM, SOD &Ml T-AOC 3% & T FM
24 . PBPH 4 #i1 SPH #[(P<0.05), Liang Z£(2006)#i&
PRSI [6] 7P 4 7K fige #6028 1 Al L R AE B, 2 BLAE
B ) LZM 3G S X R A RS, X5
WS R FEAR S, B FPH A1 YPH w] LAY 38 i
AEFNILE P ACP, AKP, LZM. SOD j& 144l T-AOC,
PR MU SN A W12 S 0 B AR R T, HEI W] g
IR At B v A 0 AR 3 I KA G . Gildberg 45(1998)
HRIEARAK - 22 okt $it 155 K P4 V4 £ (Gadus morhua) i

1) Dou XL. The study on the optimum requirement of dietary valine, histidine and threonine of Japanese seabass,
Lateolabrax japonicus in the middle and late growing stage. Master’s Thesis of Dalian Ocean University, 2014, 41-46 [

,2014, 41-46]
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B AR RR R P e A — A, Kk R rp = AR i A
W P K EL A G 8 4 ik AN BT B 1 (Kotzamanis et al,
2007); YPH 7E— & FEHE L AR = 1L 6 (1) S P g

Br T AEYIEERGE M Z A, HEE TR . B 4k
A Al B B LR G ) A A Ak g AR
(FPHFEE, 20115 FE/NEK, 20097), 1FFHF25(201 1) BT
FERIA ARk v A R R T 3 e ML X
IR (Litopenaeus vannamei ) i i it AKP i 14 A1 T-AOC.
JA/NEK(2009)VF5 1, B 4R FBESEL R M LZM
1 ACP &M, MRt dpte St ne 1. A5
W, SN IR K 9 R SRR K f# 1) PBPH
20N SPH 41, TEILWE FAFES, ACP. AKP. LZM,
SOD M1 T-AOC (X T FPH 41 M1 YPH 4. f
TR, AR ACKE R 1K R AR A5 1 22 K a8 Ui 25 2
LR, HE M 22 BK LA U AR | 1G5 G0 0% D) AR TG 1 S
UIBE(FE WG T-55, 2008), A BFFE R IG5 1R 3 5
PRS0 A 0 (Rl S0 4%, 1998), 1T SR 25 B i R4S
22 K S i 8 R R 55 B U IH 4K 7 ) (Tsumwura et al,
2005), [RIRE R T2 k] LA SR oK P2 shi s f1, H
TR B 3 v LA TG 2 AT Sh )t R A T B
(R ARAE, 2003), A HrAF5E 1 PBPH Fll SPH 411
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Effects of Different Protein Hydrolysates on Growth Performance and
Non-Specific Immunity of Japanese seabass (L ateolabrax japonicus)

ZHANG Tingting'*, CHEN Xiaoru®, LIANG Mengqingz"@ , WANG Chenggiang’,
ZHENG Keke*, XU Houguo®, CHEN Qiyong’

(1. Dalian Ocean University, Dalian  116021; 2. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071; 3. Tongwei Co., Ltd., Chengdu 610063;
4. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture;

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract This study was conducted to investigate the effects of four protein hydrolysates for
replacing fish meal protein of basal diets on growth performance and non-specific immunity of Japanese
seabass (Lateolabrax japonicus). The control group included fish meal (FM) as the single protein source.
The experimental groups were replaced 10% of fish meal protein with four protein hydrolysates, including
fish protein hydrolysate (FPH), pig blood protein hydrolysate (PBPH), soy protein hydrolysate (SPH) and
yeast protein hydrolysate (YPH). Five diets were formulated to be isonitrogenous and isolipidic. All diets
were fed in triplicate groups of L. japonicus (initial weight 31.99 g) for 8 weeks. Results indicated that the
final body weight and specific growth rate (SGR) were significantly improved when fish were fed the FM
and FPH groups compared with the PBPH, SPH, and YPH groups (P<0.05), but there was no significant
effect on survival rate and feed intake among all groups (P>0.05). There was no difference in feed
efficiency (FE) among the FPH, FM, PBPH, and YPH groups (P>0.05), while the FPH group was
significantly higher than the SPH group (P<0.05). The FPH group had significantly higher protein
efficiency ratio (PER) than other dietary treatments (P<0.05). The FPH, FM and YPH groups showed
significantly higher protein productive value (PPV) than that of PBPH and SPH groups (P<0.05), while
PPV in the FPH, FM and YPH groups were not significantly different (P>0.05). AKP, ACP, SOD, LZM
activities and T-AOC in liver and serum of the FPH and YPH groups were significantly higher than other
groups (P<0.05). The FPH group showed significantly highest crude protein of fish body in all dietary
treatments, but there were no significant different between the FPH, FM and YPH groups (P>0.05). In
conclusion, FPH had the best effects on growth and non-specific immunity of L. japonicus compared with
other diets, followed by YPH, PBPH and SPH.

Key words Lateolabrax japonicus; Protein hydrolysate; Growth performance; Non-specific immunity
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