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NNEEABREMEXEEAXNAXRETS
(Ni bea japonica)#0 & & (Sparus macrocephalus)

& IR R BT A E AL TR ARA SN

REK ' KAR'Y EEF' ks Tis'
(1. WLl FERY  ERGFERERME TREARBI PO fHl 3160225
2. TN A YRR BRATE TN 511483)

HE AR EdAERERA B AR R TR REAR N EEEGWT, HAEES.
K A5 & R Fr 2E B B UL 77.5%. 20.5%F0 2.0%E L3R A T k), &SRR TR &R
(LT-FM) = A & 7% 4% %& A (SPC), 4% H A& # 4k # (Nibea japonica)[ #1464 & % (12.83£0.91) g]fn E
(Sparus macrocephalus) 4y % 41 # K & % (15.40+0.02) g] 59 d, #F % Hxt 2 F & 2 fn 7% 4 LA Arfn i
A A IER B, XAXESE 8 MEA . FREAHCHEEA: 441%45.6%. Bit: 21.5-
22.0 MJ/kg), Hb, B8 41488 L LT-FM(20.0%) 70 SPC(21.4%) % £ % A8, 6 f L1458 L GWT
2B R BB 248k R 33.3% . 66.7%F1 100%89 LT-FM = SPC & &1, B B4 | fb 5L 48 k(B & %
R4, B GWT ZRxt B 478 & 50%87 LT-FM #2 SPC & 5., £ & 2 ~, F GWT #& 4t 8 414
BB LT-FM A H K # 4 & g B & B (TP) . H i = BS(TG)# AT JE 75 —BX(MDA) & & u&ﬂ%ﬂﬂzﬁieﬂ
6.4 8 14 B (SOD) v 134 T B % % 7 (P>0.05), {2 8 3% [& 1K 7 % & B E B2 (TC). % % ¥ (GLU) %
(P<0.05), MEAHEH, GWT & H17](66.7%F1 100%) %X LT-FM 3| & B A% 4 & i1 7% SOD & 1 é’y
B % 75 (P<0.05), GWT # X a8 4148k o LT-FM 5 (#1)SPC 3 sk #t 2 # 4 # i 7% o 8 TP, TG,
TC. GLU 4 & . if i MDA & &7 SOD 7 ¥ 7= & & & % "9 (P>0.05), 1 GWT %4 &K LT-FM
41, GWT %X 33.3%7F1 66.7%SPC 41 L & GWT Bk & 4R 41 e Z 8 4 & fF I SOD W& 434 8% k7t
(P<0.05), ¥z, AR F, DAL aHREGNKaRAN e A BN — P THRE IR
B, GWT & th il # £ % 4% K LT-FM fr SPC, =k *t B 8 dni& A fb 38 o5 Fo BT JE 30 AL 40 AR 2 o B 3%
B AR R B RN K E B E A &E G IRAR LT-FM fn SPC 7 B K #E 4 & 50 B8 & IT R A 5% 5
SE 56K B K £ 0 A (20%) 1 Ak 52 R AR RHE O e BR AL

KA HA®4ha,; B4, NEEH; WETHRAER; KEEG; mWFE IR

FESES S963  XEAARIREE A XEHRS  2095-9869(2017)03-0106-09

H AR ¥ ik f1 (Nibea japonica), JEHIELH, A1 A P (Sparus macrocephalus), JE&IEH , W3R, b
Bl Bghifa)E, 2—MEEXEA RN EEAd, B8 J&, FE A TVOR IR, IR EEE . i
O3 AR T E R U B AR B RS S I (G A A, 2009). AR R 5 T U I S (L) S A A, 2009), 2 B SR 2
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H 3R [ AR v TR DX D ) O 6 5% B B 338 58 T T ot ol
(B85 %5, 2002; Ma et al, 2008).,

IINZE R RN SE RN LSS BRI AR Ry
R e 4 A A T e ML 1 R AR R
(Draganovic et al, 2011; Apper-Bossard et al, 2013),
HA Gatlin 55(2007) 52 Hi (9 by B AU RN B4 1Y
BRI B UL B AR . A
Ay, NEEHRATRER, NEE . s
TRAEia e I, I/ NER B R amfE A —E
FRIARBL 2 R A R F 4 E, AR E R E
TP o ML REWRAEN , NEREAEHAYUESR
PRI =20 0 55 i 2 R A X 55 2 v A5 U o AN ST AL
b /INAE AR AR B K R A B RS, DABIRT
PR Y 7K 0 28 R I £ 3 750 52 D TE O B A 4 4 2
Z%,

M TE RN —Fh 5 B S8 & IR ORI A B
et BREA5 3 VA SC AR 2 21 o AR kg bn ] S et £
RS2 BRI RIS 77 55 R 7 52 e i) R D o I 2 £
HERSE, SERNE Y B DI
I, IS IR S I AR A A TR PEAG AR
N AR B R R EEAR AR, WA TR Ao A A
DRAE T ARHC T v 1o B P A TP S A 38

TN R X 42 i (Rachycentron canadum)
(¥, 2010)V ., KRN 55 (Dicentrarchus labrax) (Robaina
et al, 1999) , WT 84 (Oncorhynchus mykiss)(Kaushik et al,
1995; de Francesco et al, 2004)%5 [fiL 1 A AL 36 B 1) 52 i
I WARGE , ARSI AL H A 8 £ R SR b ) i R T
Ji& o AT I AR AR BSOS [ F 9 R 5 /N A2 2

FI(GWT), ZA LRI T8 (Low-temperature

dried fish meal, LT-FM)al{ K 5445 & H(Soy protein
concentrate, SPC), HF5¢ H: X} H A ¥ ioh £ Fl R 4y £
MLV A A s bR AU 8 28 A6 P B AL T (SOD) T P . 1A
TRE(MDA) B , SATE A FRAE AL KE XN
HEATE 2 Fh R B 0 2SI Ak Bk v ni A AT AT B
B RNVEAE 1 R PEAR

1 MRS
1.1 SCIgfE

S LU IR T 4 Ry (LT-FM) . K 529 46 8
(SPOFIR G BN A HEH(GWT) A EEA IR, K
Wi, GWT /N2 1l 25 1 (Vital wheat gluten, VWG)
AR5 TR R A B R 43 1 LA 77.5% . 20.5%F11 2.0%0 L
BRA T, LT-FM. SPC il VWG 3 F 50k 7 55
R 1o SCERFehl T 8 AR S RE IR CHLEE (A
H 44.1%-45.6% . EHER 21.5-22.0 MI/kg), HH,
X BEZH (VO)FRELL LT-FM(20.0%)F1 SPC(21.4%) M &
EAWE; 6 MEzE R L GWT 235104 X BR 4 1 Rl
H1 33.3%.66.7%F1 100%[1 LT-FM & [ (4 3 LA VF1,
VF2. VF3 %&/mR) SPC(Hr5ILk VST, VS2, VS3 &
R); AECHEES BCLL(VES), ] GWT [R] i #txt
MR AR R 50%0% LT-FM #1 50%F% SPC., fRRHEL Iy
FHACA MR 2. JRR S, RS )E, A
WUBF 57 R B AL HL(CBCE MYS6X2A), i k£l
3.5-3.8 mm MREALIIRL, LR AR TS, —20°CIE”
AT o

#1 AREMEFRAR(g/ke TYHR)

Tab.1

Composition of three feed ingredients used in the experiment(g/kg of the dry matter)

H IR R Composition

RIR Ttk ' LT-FM

/N > VWG KW E T ° SPC

T#) i Dry matter (DM) 913.0
HLZE M Crude protein 748.0
HLIE i Crude fat 117.0
JEHM; Starch -

JK53 Ash 122.0
M fE Gross energy (MJ/kg) 21.8

935.0 925.0

837.0 694.0
44.0 47.0
74.0 -
10.0 58.0
22.0 20.1

1: P45 Triple nine A4 F]; 2: WHIAT Syral Belgium N.V, AMYGLUTEN 110; 3: #5ifg5% HLAR A28 2 5 & AR Th A

BRAF]; =7 Fon & i AR A

1: Triple nine®, Denmark; 2: AMYGLUTEN 110, Syral Belgium N.V, Belgium; 3: YIHAI®, Wilpromil, Glodensea Grain
and Oil Industry Co., Ltd, Wilmar, Qinhuangdao, China; Dash indicated data were not analyzed

1) Yang J. Study on utilization of four plant protein sources for juvenile cobia, Rachycentron canadum. Master's Thesis of

Guangdong Ocean University, 2010, 21 [ .
, 2010, 21]

(Rachycentron canadum)
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F 2 ANE A RFHEM (gke THIR)
Tab.2 Feed formulation and chemical composition (g/kg of the dry matter)
J5 A} Ingredients JH R Diets
Vo VF1  VF2  VF3 VSl VS2  VS3  VFS

RAER/NEEA GWT! - 69.0 138.0 207.0 69.0 138.0 207.0 207.0
faH LT-FM 200.0 133.0  66.0 - 200.0 200.0 200.0 100.0
Kk H SPC 2140 2140 2140 2140 1420  71.0 - 107.0
HABIR A4 1 2 Other protein combination 190.0 190.0 190.0 190.0 190.0 190.0 190.0  190.0
T4} Wheat flour 266.4 2504 2346 217.8 2629 259.1 2554 2363
431l Fish oil 84.0 89.0 940 99.0 840 840  84.0  92.0
KEIIHEAS Soy lecithin 20.0 200 200 200 200 200 200  20.0
TR Kl Premix® 10.0 10.0 10.0 10.0 10.0 10.0 10.0  10.0
R — 245 Ca(H,PO,), 14.0 17.0  20.0 23.0 14.5 14.5 14.5 19.0
SALNBHH Choline chloride 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
FREERRIE A% ¢ Crystalline amino acid mixture - 6.0 11.8 17.6 6.0 11.8 17.5 17.1
4343 4T Analyzed content

7K %3 Moisture 49.0  46.0  43.0 440 430  43.0  43.0  45.0

HL#E 4 Crude protein 441.0 447.0 4440 449.0 447.0 451.0 456.0 454.0

AR Crude fat 1350 136.0 139.0 142.0 140.0 141.0 131.0 140.0

K4 Ash 760 690 61.0 540 720 680  64.0  59.0

1 BE Gross energy (MJ/kg) 21.5 216 216 220 215 217 218 220

1 /N . AR RERR 2 LA 77.5%, 20.5%F1 2.0%E FLORA T 20 SR AEAKI R b BB 70 ¢
70 1 50 HRBIR A 3 BURRR, ZHEMZ0IRA G 2 1, ARG TS &) 44K A 20 mg, 44ER
B, 12 mg, 4iE%E B, 10 mg, 4i4EE By 15 mg, 4i4E B, S mg, MELHE 100 mg, HUIRIMER 1000 mg, ZER4ES 40 mg, 4=
Y& 2 mg, MR 10 mg, 44 E 400 mg, 4i4: K K; 20 mg, 4i4: % D; 10 mg, WLEE 200 mg, FAREAH 150 mg; £
WAL (BE T se ARl & i) CuSO,4-5H,0 10 mg, FeSO4-H,0 300 mg, ZnSO4 H,0 200 mg, MnSO,-H,0 100 mg, KI (10% I)
80 mg, Na,SeO; (10% Se) 67 mg, CoCl,-6H,0 (10% Co) 5 mg, NaCl 100 mg, #f7 638 mg; 4: MEEILRIESY . VFI1,
VF2., VE3 HiRINR A &My - . DL-EEAMR . LK &M . -5 ZM37 2 4 : 11 : 8); VSI. VS2. VS3 ik
BEFEMR N L- B . LR &M . L-AZMR61 : 21 : 8); VFS HIRINTEA IR N L- i . DL-EEZEMR . L-K 2 .
L-AREBR(100 = 2 = 47 = 22); “~" FrmigJFoR AL 2785 ARk /G a8 Jn

1: Mixture of vital wheat gluten, wheat flour and taurine (mixing ratio: 77.5%, 20.5% and 2.0%); 2: Mixture of soybean
meal, peanut meal and krill meal (70 : 70 : 50); 3: Vitamin premix (mg/kg diet): Vitamin A 20 mg, Vitamin B; 12 mg, Vitamin B,
10 mg, Vitamin B¢ 15 mg, Vitamin B}, 8§ mg, Niacin amide 100 mg, Ascorbic acid 1000 mg, Calcium pantothenate 40 mg, Biotin
2 mg, Folic acid 10 mg, Vitamin E 400 mg, Vitamin K; 20 mg, Vitamin D; 10 mg, Inositol 200 mg, Corn protein powder 150 mg;
Mineral premix (mg/kg diet): CuSO,-5H,0 10 mg, FeSO4-H,0 300 mg, ZnSO4-H,0 200 mg, MnSO,4-H,0 100 mg, KI (10% I)
80 mg, Na,SeO; (10% Se) 67 mg, CoCl,-6H,0 (10% Co) 5 mg, NaCl 100 mg, Zeolite 638 mg. Vitamin premix: mineral
premix=2 : 1; 4: Amino acid mixtures added in VF1, VF2, and VF3 were L-lysine, DL-Methionine, L-Arginine, and L-Threonine
mixed with the ratio of 37 : 4 : 11 : 8; Amino acid mixtures added in VS1, VS2, and VS3 were L-lysine, L-Arginine, and
L-Threonine mixed as the ratio of 61 : 21 : 8; Amino acid mixtures added in VFS were L-lysine, DL-Methionine, L-Arginine,
and L-Threonine mixed with the ratio of 100 : 2 : 47 : 22; Dash indicated no addition of ingredient in diet

12 S

H A B o 01 %) £ W7 V48 U 2K ™= 0F 9 0T 7
Sy 3 R m S b PR AL, BRER AN 600 7 WAL 5
BREF . B2 R, 2881 d, A MS-222 22U
P, U B FMARAR SIRR A MA, BEMLBC R 48 4>
250 L [FITE B BE 41 Ak F2AH G (B Fh 11 24 N FRFESD) . TR0
RSy A H AR B G 0 26 45/, WILR IR M (12.83+
0.91) g, BHH 35 /6T, PILRIATE M (15.40+£0.02) g,

1.3 FERZSHRBHER

F G L6 AE WA VP K PR E 5 I v IR 3 K £
KEFEGWBIA LR ERT RAENRHKIER
ge, SEW UK N UIERPIE S Bk, LN 28,
FHELHE KA N 2 L/min, GLHRCE 190K,
PRIERE>6.0 mg/L, SCHAE], SF¥uKiE N 28°C,
K ASRICHR, FRAERTE R 59 d, AERERIR TR 3 4
FLRYSC . RN T8, AR 4 1K(06:40, 09:50,
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13:00 F1 16:10), £¥X 30 min, A28 000 B,
TRMERT 5 min, FEKESDMEMEIE RN, LS
WA, kW R I e, FE TR NS .
14 BHREES5HH

FEIHAS G, MS-222 FREE R T A LR, FR
& BEIREHLEL 5 4510, PEAT IILIRAREAS (R B ik 1)
I AR it SR 4 OB R IR Y EP 45 B ok &,
R g BEF )5, 4000xg, 4°C, B0 10 min, HU b
W, WA, 80 CIRAERFT T FFMEAE & 7E vk &
EFEAUE)R, REFERE 1.8 ml INEIFE T, WA
R, 80 CHETERF T

ML B E A (TP), H=HE5(TG). HAHHEL(TC)
FUE AP (GLU) S &, A A B (ALT) A 5%
B (AST)E 2 1 Ff1 5% F Beckman Coulter AU5800
254 A sh A AL BN R R LR IRES)
H il =F8(GPO-POD 72) . el IH [ B () . A 4 0 (R
PR ) | T2 IR 22 e % T (o 38 3 ) IR 4 2 1R 2 ik
RS T (R 8 A 1R & I 2 o 1T ANFFAIE SOD i 1

(WST-1 ) KN — (MDA, TBA ¥£) & &%
U AR A 2
1.5 %itAE

4 SPSS 17.0 B4 % L 56 A An AT PRI R
77 243 M1 (One-way ANOVA), #7225 i % (P<0.05), M|
YE4T Duncan Z & WM. XFECA B AN ST IR 4H
S AR A S FEAREAT ST REAR ¢ K5, WE KR A
P<0.05,

2 HFR

21 GWT EMK LT-FM 5 SPC X HAE A=

ARG AT T H GWT H A ] HE R AR ALk v A
LT-FM 5 SPC, X§ H A< 8 & 1 1 75 A= AL 8 A5 (TP . TG
TC. GLU &1 K& ALT. AST. SOD Jf 1) . iFfiE MDA
Sl SOD IGPEMFE I WL 3. K 3 AT LIEH,
FEILE RN, GWT &40 LT-FM X} 8 & £ 1 75 89 TP
M TG & & . ALT 1 AST ik, HFAE SOD & M:An

®3 GWT K LT-FM = SPC Xt B A E 4 f 1 i& 4 W5 47 K BT RE 41 S AL I8 4R O 72 0
Tab.3 Effects of dietary LT-FM or SPC replaced by GWT on plasma biochemical indices, liver anti-oxidative indices of N. japonica

FiH Ttems LK Replacing level (%) P Pooled
0 33.3 66.7 100 S.EM
GWT #4X, LT-FM LT-FM replaced by GWT
M.i& 4= b F5 #% Biochemical indices in plasma

TP (g/L) 30.50 3430 36.30 36.90 0.16 1.43
TG (mmol/L) 10.14 8.07 7.08 6.22 0.23 1.82
TC (mmol/L) 4.02° 3.22% 3.39% 3.07° 0.04 0.27
GLU (mmol/L) 14.42° 8.03° 7.86° 6.81° 0.01 1.78
ALT (U/L) 59.00 36.50 72.80 42.80 0.71 22.30
AST (U/L) 170.00 151.00 183.00 131.00 0.90 52.30
SOD (U/ml) 19.80 19.60% 21.50° 21.50° 0.01 0.34

HFREST &AL T8 457 Anti-oxidative indices in liver
MDA (nmol/mg prot) 15.74 5.47 7.69 6.06 0.12 3.40
SOD (U/mg prot) 462.00 431.00 435.00 442.00 0.94 27.50

GWT #:4% SPC SPC replaced by GWT
M.i& 4 b ¥5 45 Biochemical indices in plasma

TP (g/L) 30.50 34.80 33.30 34.40 0.09 1.43
TG (mmol/L) 10.14 10.50 8.86 5.64 0.21 1.82
TC (mmol/L) 4.02 3.79 3.68 3.26 0.56 0.27
GLU (mmol/L) 14.42 8.56 9.03 10.69 0.13 1.78
ALT (U/L) 59.00 40.00 28.80 59.20 0.66 22.30
AST (U/L) 170.00 131.00 109.00 174.00 0.76 52.30
SOD (U/ml) 19.80 19.70 19.00 20.20 0.18 0.34

ST &AL T8 45 Anti-oxidative indices in liver
MDA (nmol/mg prot) 15.74 6.16 4.63 14.48 0.19 3.40
SOD (U/mg prot) 462.00 459.00 408.00 440.00 0.06 27.50

H SR EEER0=3), HEFEHEEREFALEP>0.05), £S5 H

Note: Data were the mean of 3 individual samples, same letter indicated no significant different (P>0.05), the same as Tab.5
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MDA & ¥ J0 B F 50 (P>0.05), {BXF I HH) TC
M GLU % & SOD i £ %5 #4152 i g 3 (P<0.05), H
1, GWT 100%E4t LT-FM 4 1 1% TC M GLU &
B, SOD EMfkm. GWT 21t SPC, X #ffifa
I 3 A Ak 8 B AT R 4T 540 38 A 1 52 i 3 R g 3

K4 GWT E4K50% LT-FM #0 SPC ¥ B AR & it & I 5 4
LIBFR AT I R IR IR 2 CE I E AR I 2Z, n=3)
Tab.4 Effects of 50% replacement of LT-FM and SPC by
GWT on plasma biochemical indices, liver anti-oxidative
indices of N. japonica (Mean+SD, n=3)

i H Items Vo VFS P>t
(P>0.05),
I3 4= fL 35 #% Biochemical indices in plasma
F GWT [FBEARH 50% LT-FM Fl1 50% TG (mmol/L) 10.14+3.15 3.9842.06 <0.05
SPC. 4 H A B0 L 2 AL AR K5 IF A Ay TC (mmol/L) 402047 2561107 0.10
WO LK 4. NE4TLIER, #4H% TG 1 GLU GLU (mmol/L) 14.42+3.09 7.50+1.19 0.02
FRBERTXALP<0.05)5h, Hibdftrgen g ATOUD 29.00438.30 78.50+73.00 070
P 1 2 25 5 (P>0.05) . AST (U/L) 170.00+91.00 193.00+120.00 0.81
SOD (U/ml) 19.80+0.60  21.40+0.90 0.07
23 GWT &R LT-FM = SPC X R 8 521 FFHEDT E AL FE PR Anti-oxidative indices in liver
FH GWT $% A48 b2 4C AR LT-FM 8% SPC MDA (nmol/mg prot) 15.74+5.89 8.65+0.85 0.11
Xof R 19 A TR AR B 43 ST g A 1 2 DL 3R 5 SOD (U/mg prot) ~ 462.00£39.0  365.00+£45.00  0.09
&5 GWT &R LT-FM = SPC xf BE M iEE KI5 HR R AT AR E (LIS tR BT R0
Tab.5 Effects of dietary LT-FM or SPC replaced by GWT on plasma biochemical indices,
liver anti-oxidative indices of S. macrocephalus
i H Ttems B /K - Replacing level (%) P Pooled
0 333 66.7 100 S.EM
GWT #4X, LT-FM LT-FM replaced by GWT
. 7& 4= b F8 F5 Biochemical indices in plasma
TP (g/L) 40.00 39.10 38.40 44.00 0.25 1.38
TG (mmol/L) 17.08 17.83 15.05 21.36 0.60 3.43
TC (mmol/L) 10.46 10.40 9.59 10.77 0.88 1.15
GLU (mmol/L) 4.49 4.14 5.16 4.48 0.68 0.16
ALT (U/L) 14.80 12.80 19.70 21.00 0.59 3.18
AST (U/L) 57.00 57.00 100.00 92.00 0.50 11.40
SOD (U/ml) 19.30 21.00 20.50 18.80 0.21 1.04
JFIEBT AL FEFR Anti-oxidative indices in liver
MDA (nmol/mg prot) 1.41 1.04 0.97 0.76 0.32 0.42
SOD (U/mg prot) 199.00° 201.00™ 203.00% 223.00° 0.02 3.99
GWT #fX. SPC SPC replaced by GWT
1fi 3% A= fL 6 F5 Biochemical indices in plasma
TP (g/L) 40.00 41.20 35.50 40.70 0.58 1.38
TG (mmol/L) 17.08 17.66 15.93 20.86 0.87 3.43
TC (mmol/L) 10.46 10.32 8.37 10.60 0.60 1.15
GLU (mmol/L) 4.49 4.40 5.43 4.99 0.69 0.16
ALT (U/L) 14.80 16.70 16.20 14.70 0.97 3.18
AST (U/L) 57.00 75.00 89.00 65.00 0.67 11.37
SOD (U/ml) 19.30 17.50 19.00 18.30 0.96 1.04
FFIEBT A L8 45 Anti-oxidative indices in liver
MDA (nmol/mg prot) 1.41 0.93 0.86 0.74 0.36 0.42
SOD (U/mg prot) 199.00° 221.00° 235.00° 219.00% <0.01 3.99

H: GWT B0 LT-FM 4 ALT. AST “FI{HE4 90 17.8. 83 U/L; GWT &4t SPC 4H ALT. AST “E34{E4F 51K 15.9.

76 U/L

Note: Means of ALT and AST activities in the group of dietary LT-FM replaced by GWT were 17.8 U/L and 83 U/L respectively;
Means of ALT and AST activities in the group of dietary SPC replaced by GWT were 15.9 U/L and 76 U/L, respectively
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M2 5 ATA, FRAESCIREE R, BRIFIE SOD 16 4h,
HATERR A T B 0 (P>0.05), Hd, GWT #1t
LT-FM B}, FFAE SOD {4 Bl 84X Lo 4 38 fin i 4 3 7
B, 100% R4 IFIE SOD & M f s, g Txf
HEZH (P<0.05), {HE: 33.3%F1 66.7% 0 TG i & 2
F(P>0.05), GWT #40 SPC i}, 33.3%F1 66.7%E1%
HFNE SOD i 1 b 2 T X5 BRZH A 100% 54
(P<0.05).

24 GWT & 50%LT-FM F1 50% SPC X 2 871 55 i

H GWT [E] B 248 50% LT-FM Fl 50% SPC X 2
{58 11 ¥ A= AL FE bR B o I IEFR AR s L2 6. MK
F 6 TLIFEW, BCALBRIFAE SOD MBI 2 = %
4 (P<0.05)4h, HAl 38 bR 0T ALY JC W 22 5
(P>0.05).

3 iTie

3.1 MEEAXWNHAEREMEBHMF TP, TG,
TC#1 GLU &2

0 2] 3 1 O B AR S (R 4 B TR RE
AT, LI AN [R] 8 R 4 B R B B A K
o TEIEHAEBRET , ST 5E i S S A
AR, B E SRR bR A THIXT R EIRZS . TP
TG H GLU J&3 F 5t | i 5 FUR2E = KB JR W s Ak
MR WAL A e I PR 9 e T AP AE IR 3 i R —

TR NE RV R AR AT LT . [FIRT,
LY T SR d A8 A AT B R LR = K R
YA A B o IR, #0280 IR AR AL dE Al
B AR E AR fd R 5 5 bR o o S B 1 B i
FEE g, Al e TP A A IR D) RE 2% V1A
XK, MLEH TP & fm— o B EE b AT DL e JHF U 7 £ fe
T VLR A 5 bR B (R SO, 2009)V . A AF 9T 4R
g E A RS RS R AMAR S A e
KW (Sitja-Bobadilla et al, 2005), AHF5E /N
B Aok SR 8 R BT A AL H AR B 4y
B8 20y £ 5 R 7R R o PN AE(2014) . BRERSE
(2014) FEZFH A5 (2012) BRI A BE, FE4R R s fin
PR R ARSI R RE TP iy W& M,

1L P TGHAITC S 1 5 fafhk PR ARIIAR DG, i
GLUN 5 ¥R AT 73, AW, NEEAR
R AR B K AR A B R R I Th TG . TCH
GLU¥ TG Z 52 M, AH W] i 2 A A 3RL7E 5 A5 A B A
(Epinephelus akaara)tit 53 4 WA FARLA 45 R CR &
R)o m BN B AR RLT-FM 451 H A 8 i f4
TCHY & T B AEY 0 A Aok 5 | S 57 5 50 ) i
ETCH & T FRAY LA AE 0T i (de Francesco et al, 2004;
Kaushik ez al, 1995). Bk fi(Robaina et al, 1999). 4
Sk (Sparus aurata) (Gémez-Requeni et al, 2004), K
Z2E(Psetta maxima) (PR 44 N Scophthalmus maximus)
(Regost et al, 1999)2EMi5¢ A i . KaushikZ

R 6 GWT &4 50% LT-FM F SPC x} B 8 M 754 1 35 4r & BF B 51 S AL 45 4R B R M (P 3 (AR E 22, n=3)
Tab.6 Effects of 50% replacement of LT-FM and SPC by GWT on plasma biochemical indices, and
liver anti-oxidative indices of S. macrocephalus (Mean£SD, n=3)

i H Items VFS P>t
1 7% A=tk #8 F5 Biochemical indices in plasma
TP (/L) 40.00+2.40 42.10+4.50 0.51
TG (mmol/L) 17.08+£5.93 20.61+4.07 0.44
TC (mmol/L) 10.46+2.00 9.47+0.77 0.45
GLU (mmol/L) 0.49+0.28 4.76+£0.07 0.18
MDA (nmol/mg prot) 1.41+0.72 0.79+0.01 0.21
ALT (U/L) 14.80+5.50 17.70+£4.10 0.51
AST (U/L) 57.00+£20.00 93.00+23.00 0.11
SOD (U/ml) 19.30+1.80 19.70+0.90 0.75
JFAEPT A LR AR Anti-oxidative indices in liver
MDA (nmol/mg prot) 1.41+0.72 0.79+0.01 0.21
SOD (U/mg prot) 199.00+7.00 216.00+7.00 0.04

1) Song WX. Study on the partial replacement of fish meal by fermented soybean meal in the diet for juvenile black sea
bream. Master's Thesis of Zhejiang University, 2009, 42 [R3CH1. SR i4h @ iak & B SoF -2 R s, #ri s

A5 A 2R S, 2009, 42]
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(2004)F8 H, AL ALY R A AT R AL TR
FR iR O HEE , JR00 ] T R v IR e S, R
R T TC & FRE . L nT RE 2 Ul 45 & 0
[ P 42 o A AL i B ) R RS RS, TS U A A
YIEERZENTE G, NEE BN LT-FM X H A 4
FILYE TC Mm%, WA R 6 TC W JE &
ERCA 3] RN R 40 2 1 5 AT AL A [
. M GLU & it 5 s i &K Fiapkl b i 5
Fi I ZAH ¥ (Nelssen er al, 1985), TEABIFEH, /N
FEABLT-FM 5 T H AR i % o GLU & &
) 5 R . R IR ARDARLAEUR 5 E AR (20.0%) Y 1%
BUF, /N S P e — DR T e 2 R BUR RAL
e, R H AR B A0 R R C 5 HR £ R Ak
/A PR T SR R

3.2 NEEAMHEHAEHEAINEGHMF ALT, AST,
SOD jEM4FIBFRE SOD &1, MDA &=/

A5 TN i 24 Il (ALT) B4 B2 24 i (AST) /2 5 1R N
“REFEEAR . IR Y 5T LS 2 LR AT
IR B AN 2 PP . ALT 55 545 &0 AN R
MR R 2 AE ], T AST N R E 58 MR M E R
ik 22 5] 4 27 S 0 FRR 6 o 2 PR S5 A7 A8 T 0 A R DE
L 3 e v I (R PN R 1 T R i £ 0l i 55
R EZARBL, IEH A FRA T, M ALT G2
ik, RA eI RE K A it ol - 40 i sZ #t i, ALT A
SRR R R, R R R B LTS ALT 161
24 JHF I Bl LA B LA 2 20 % A e L3 R AST
T T, %S ALT F1 AST 93 10T e
AR B Y 5Z 452 031 D (Nyblom et al, 2004; HFHRSE,
2015), AR, AREFEACAL X H A< B i £ R
MY ALT. AST ¥ TE B E 5, JEH LT-FM B4
ALT il AST M5E {84354 17.8 U/L #1 83 U/L, Tfij SPC
AL ALT T AST W2 {53514 15.9 U/L #1176 U/L,
DL E O B 34K X0 850 45 (2010) 4% 18 A R 6 i 3
ALT(42.7 U/L). AST(86.0 U/L){li. tZRfits
) ) FLA VR 75 S5 R O R I R SR ) A 6. B
A H ARG 0 ALT . AST B9 i TR .

FFE T SODEPE . MDA & X Il SODIF M,
WAE N AR SR s bR, A M S e S Ak
PAFAE Y R A 5 (MR KR4, 2013) . SODEL A 1B bR
F RN [ 3R A RE JT, T R A AN R ) A N
P, PRHE S S CE F A (R R 5, 2012), fa
JFREMDA & &, ISR A8 /R ML P B o i) 3 8 Ak A
BECREWIZE, 2015), MDA E & 5 SODI 2 7]
A, SODIE 7 i = AR ] 422 S WALV B 1 fh 35 19 fiE

73, MIMDA % (14 e A0 ) 1) 32 S5z o AL AAR 200 i 32 40 A
M BB R o /N S B m A A, 7T b
FLAR 1 1935%—40% . 2 Z I v AR g 45 D6 H R 1 i
B, 7AW A B B BRI EEEA 6
(Trichet et al, 2010), ZhuZFQ01V)WFFE L, 23t
i (Acipenser schrenckiiQ xHuso dauricus3) W Il 15
SOD{F P Fifi T Ak v 4 20 I i 8 o ik () 15 g v o 72
Tkl P S I P 47 2 (0.9%-1.2%) , FiE b 3 4
1R AR A B 4y £ 14 1L T A AR S e 8 AT SR Ak i 3E B
71 Cheng % (2012) LA 4238 45 LU fifi (Morone  chrysops %
Morone saxatilis) N FEXT 5, K BLRDRL TR B8 N4 2015
J¥ie 2 Sk 26 14 T 40 e 4] 8 - i, i S B LR
SRR 7= A A e N 27, DA RS 3819 5 85 7680 70 £
(Siwicki e al, 1994), AWFFEH, /NEE & A LI
FRLT-FMZH (66.7%H1100% 25 A 2H ) (14 H AR B 4k £41 100 75
SOD{f 1 .3 Thim, /N HELT-FMZ4L . SPCAH
DA K R A5 2 AR A R 0 1) JHF M SOD I P 7 5 v = ARk
PRI BEN K K, NEERATREF A
P e 7 e AR e, FE— e TR BE AR T H AR B R
PRIHAR R SN o N R VRN B 1 R R
H A8 4 £ 107 SODIR MR A i F 48 T, mi AR SPCXY
H A 35 4l #1111 75 SOD I P TR el , R W] 1l i SOD i 1k
S i R A 0N 22 8 KA G
INZE R R ARy 23 5 H A B Ik £ 1l v SOD Y
BT, TR SRS v R BN I IESODTE MY T, i
RIS [i] 81 288 F ) o L 0 2 P OB A1 AL 1 7 g
FAAEZE ST

4 45

ETAMRER, MNEFEagRambes i EH A&
WG GLU W38 PR, MERKERSEED
B AR R ISR G o 3R B H A 8 Iy £ 55 P B I A0 407
Tk b e B i i — 25 TR O BURR . N R A
AR ARy BRI R e 447 2 11 34 A 0T SR 1l 35 A= A A8 A
BT, H DR bl S AN & R
JE L4 FAE SOD Ay TG 4% .
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Effects of Dietary Replacement of Fish Meal and Soy Protein by Wheat Gluten
on Plasma Biochemical Indicesand Liver Anti-Oxidative I ndices
of Nibea japonica and Sparus macrocephalus

CHENG Yanbo', ZHANG Yuexing'”, DONG Zhiyong', LU Bingyan®, WANG Yongchao'

(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022;
2. Guangzhou Nutriera Biotechnology Co., Ltd, Guangzhou 511483)

Abstract GWT is an ingredient blend mixing vital wheat gluten, wheat flour and taurine with the
ratio of 77.5%, 20.5%, and 2.0%, respectively. This study was conducted to evaluate GWT as a protein
source to compare with low-temperature dried fish meal (LT-FM) and soy protein concentrate (SPC) in
extruded practical diet to feed to juvenile giant croaker (Nibea japonica) and black sea bream (Sparus
macrocephalus). Plasma biochemical indices and liver anti-oxidative indices of the two fish species were
tested as fish health indicators in this study. Eight diets had been formulated, including a control diet with
LT-FM (20%) and SPC (21.4%), six diets with decreasing percentages of LT-FM or SPC replaced by
GWT (replacing levels were 33.3%, 66.7% and 100%, respectively, on protein basis) and one diet with
both 50% of LT-FM and SPC was replaced by GWT. Each diet was fed to triplicate tanks of giant croaker
with an initial weight of (12.83+0.91) g (26 fish per tank) and black sea bream with an initial weight of
(15.40+0.02) g (35 fish per tank). All fish were reared in a sea-water flow-through system for 59 days.
The results showed that there was no significant effect of replacing LT-FM by GWT on total protein (TP)
content, plasma triglyceride (TC), and MDA content and liver SOD activity in giant croaker (P>0.05).
However, total cholesterol (TG) and glucose (GLU) contents in plasma were significantly decreased
(P<0.05), whereas the plasma SOD activity of juvenile giant croaker increased significantly (P<0.05)
when 66.7% and 100% of dietary LT-FM was replaced by GWT. Partial or total replacement of LT-FM or
SPC by GWT had no significant effect on plasma levels of TP, TG, TC and GLU, liver MDA content and
plasma SOD activity of black sea bream (P>0.05). In contrast, significant increase of liver SOD activity
was found when total LT-FM, 33.3% and 66.7% of SPC, and 50% of LT-FM and SPC in both were
replaced by GWT in diet of black sea bream. To conclude, giant croaker was more sensitive than black sea
bream to the significant reduction of LT-FM in the low fish meal based diet, with the changes of plasma
biochemical indices and liver anti-oxidative indices. Highlights of the present study: firstly, it is the first
study using GWT as main protein source in extruded diets for giant croaker and black sea bream; secondly,
a low fishmeal (20%) containing extruded practical diet was used as the control.

Key words Nibea japonica; Sparus macrocephalus; Wheat gluten; Low-temperature dried fish meal;
Soy protein concentrate; Plasma biochemical indices
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