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WE AR S AEAERHE AN 53%, BN 25KI/g)Hy sSLIb4a K, BL 60% By & #47
AER XD, TH AN X BSAHQ:1:3:2)NE4EAER 40% (D2). 50%
(D3). 60% (D4)#1 70% (D5) 4 & 4, FRFE K % 8 4 & (Scophthalmus maximus LA #6 4 E (53.0£0.2) g,
FR7E B 84 d, 4F K EH(08:00, 16:30)#% %% 2 K, #EENKEMN 1.5%2%. ERERL T, %
IR B By R R AR AR R R TR E N E F(P>0.05); SxEAML, D4 D5 4
BB R E ER(P<0.05); B E A D2 Ak E| & EE, B¥F & T D3, D4 f1 D5 41(P<0.05); JEtk
FL(VSD), P&t (HST A 7 (R (ISD) 24 7 D2 4134 2| s (K {8, 38 F KT D5 4(P<0.05); &4
MEABRRERITKEEY &8 KPpFME G EEHTEEYWP>0.05); SHRH4EEMEH
4 EEEFET TAEH(P<0.05); 4 &KL 4EA DS 4T FKT X 4(P<0.05); £ 45 ALASL .
MEH., HEHfR 24 EATEEELZRP>0.05); E4EMEAEReNT 2 ENAELE
BEBRAMLFAERLELLZERHP>005); SERAHEERG T LELAERAHRAMAATEE
B 75 ME(P<0.05); M 7& Bk EA4 D2 4% %% T D4 f1 D5 41(P<0.05); fufEik &4 D2 #1 D3 41§ %
KT M 3 4(P<0.05); D3, D4 #1 D5 AH W= BREME EEIeE QREH D Z KT E A
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2 R %40 &

i (TR 5% %, 2003), HAET, T fbFRFE R 6F 2R
o A R i ARDRE , SR S 0 B 1 R R R B R
TR R . SR, BEE BRI BT Y B = Ak
R RGO, OB AR R Bk, R, TR
AT B B B B A P R AR AR S K SR BRI A
RSk k. BT, REERE BB T
ZEDTIEMEYE D ERM Y E AR b X b
(Oncorhynchus mykiss). XN (Dicentrarchus labrax)
SEHFFE R, SOMSFAE YA B — A AR Y e s L
BITT 35 30%~40%, i AS 5400 fa {4 K- (Kaushik et al,
2004; Dias et al, 2005); Xt A W#E(Paralichthys olivaceus) .
FEEBFRATFE R, ik . RS
B e T8 10%~20% , i ASBE i & £ 4=
K (Lee et al, 2012; HiHk, 2015), Ht, XF T R HEE
i P B 2 PR A 2RO U, X S B — 2 1 PR R
FEBIAR A A S sl T 50% (FE2EmH4E, 2017; BRAEmN
85, 2016; 253T1H4E, 2016) Bk, AR AN TR & IR
A TA, 2w AR K Al S R P R R, 2
T it 7K A B DR b o 2 AT 58 Y DG R ) R, )
i, BT IR AR I T E AR Z SR, A
BB ABRIR S AR T R R T, B
A P2 AR R A A SR (P LRI SR, 2015), {HAAH
e K A A DR R B R HTIE R IR IE o AT
TELR G 7% R B Y- S 1 PR SRRl 1, SRR A
Jiz HSEBRA: e R T EOR . ABAE R L XS R R
IR A IR, b 7T R M 28 SRR A R
RIS, MEESHEIQ 1 :3:2), HHEE
PRIEEEFIL A R A R K F- 0By, X R 22 6740y £
AERAERE | R B A B AR SR PR AT IESY, B AER
TRER S AUSE Ak, S RS B AR IR R T R
FERR AL ES K

1 #RtEAE
1.1 REER

SEHE AR . BEE A SR JEART.
A PR S SRy, A IR D IR . SRR R N 3
TR AL 2 1o F IR SRR I 11 2 i 22 kAT BR A 7
HTZEh: Hgmaphikhly, REERER, Bt
B, EAS TR KN 40%~50%, f)amiss TiksE
BT o AR i 1L AR T 2R e ARDRHUE 5 0 4
fit, SCERiE 5 HERERRHE N 53%, AER>
25 kI/g) ik, DL 60%I1 fa by 4l AE X BR(D1), TAf -
TEAER - FIERR « ARRQ 13 AR

40% (D2). 50% (D3). 60% (D4)F1 70% (D5)HY ks,
FR A f0 K %o BR AL 0 75 R IR 2 A, S n i AR S S R
L 2 R A L4 2z R V- 45 A PRLZH 0 75 R o ELAR
TEPRHEC 7 W3R 2. Tl s B IR 2H L 3.

1 AREHMESERANRIEERMS

Tab.l Amino acid and nutrient contents of dietary ingredient
WH AR Bl miEke SR R
Ttems Peanut Fish Stickwater Poultry by- Soybean

meal meal meal product meal meal

Asp 6.39 6.62 5.4l 5.47 6.08
Thr 1.49 234 196 2.72 2.12
Ser 2.79 323 284 2.97 2.72
Glu 12.00 8.54 931 9.74 9.84
Gly 326 452  4.07 6.04 2.30
Ala 1.01 429 4.16 4.38 2.32
Cys 1.83 0.89 0.35 0.91 1.15
Val 0.16 3.12 1.96 2.57 2.18
Met 1.39 1.76  0.50 0.93 0.18
Ile 335 279 227 1.98 2.00
Leu 1.86 536 4.45 4.20 3.87
Tyr 2.68 248 094 1.89 1.79
Phe 1.75 228 1.64 2.63 2.69
Lys 0.75 4.49  4.00 3.51 3.10
His 1.21 1.87 225 1.27 1.32
Arg 6.33 5.16 3.60 4.27 3.80
Pro 226 2.79 2.09 4.19 2.64
Cruﬁﬂegi)riltein 53.90 65.58 63.00 64.60  50.57
MU 2.10 6.15 7.51 10.84 2.40

Crude lipid

TR ER g Rt 80 H i, e FRDENEC 77 B Ky
RIRA], # sy spmA R, IRAEHA, BIE
IKBES], ZRMRTERT AL TS EAE N 3.0 mm i i
Kifkl, 60 CHET 12 h, HHEFT-20CHEH.

1.2 XWHBMIEY

S FH R SE GE I [ 11 AR 2 S o= T SR A A BR A A
F5FH S 56 7E L1 R A8 R R S SRR AUE I BE 4 K
PR RG AT, TLRIFIRZAT, L MmEFRT d,
HIE RN SR AN . PIMES R m , 25824 h, Phikfdse
FUE 4 — 1 K ZZ BT 4 €0 [ 9] 8 (53.0+0.2) g]FEHL 3 Aic 5]
154 SR [EATE SRR (B2 70 cm> 5180 cm, 7K
R50 cm), BB ESR, HAER30REM, B
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I HAN], WOKTRIEM KSR, BEHKE(16£1)C, pH
J97.8~8.0, EhPEEN27~28, HEfREA>8 mg/L, A
<0.01 mg/L, WAKRREh<0.01 mg/L. FE5HE W M4 d,
B KB 2K (08:00, 16:30), F M4 a1 K & 1Y
1.5%~2%, $EMEEE A2 5 RS 1 4 1 HEZK HK 55 1

1.3 HmXEE&E

FEIH TGS AT, A58 24 h, IR R S0 PR o,
O SRR SE gt ) AR R B, THRGE R R
MR R A BMEEPLESE 9 B, HEFEFRH R
LR R IRER (MS-222) RN, 2 FefE i i,

HEH, HOBURLTHEC A7 REMICRIL, 25 IR IER , #RE, 5
x2 AREAFMEZERES (%Y
Tab.2 Formulation and proximate chemical composition of the tested diets (% dry matter)

1% Groups

WiH Items

DI D2 D3 D4 D5
fa ¥} Fish meal 60.00 36.00 30.00 24.00 18.00
M Casein 11.00 11.00 11.00 11.00 11.00
TH Soybean meal 0.00 6.67 8.34 10.01 11.68
K Peanut meal 0.00 3.34 4.17 5.01 5.84
I K Stickwater meal 0.00 10.01 12.51 15.02 17.52
YK Poultry by-product meal 0.00 6.67 8.34 10.01 11.68
a3l Fish oil 6.00 5.60 5.2 4.9 4.6
A-TEHR} a-starch 10.45 10.45 10.45 10.45 10.45
KEIIBENE Soybean lecithin 1.00 1.00 1.00 1.00 1.00
WilR — &5 Ca(H,PO,), 0.50 0.50 0.50 0.50 0.50
SFALARHE Choline chloride 0.50 0.50 0.50 0.50 0.50
YRR R Mineral mixture® 2.00 2.00 2.00 2.00 2.00
Yir: ZHURK Vitamin mixture ” 1.00 1.00 1.00 1.00 1.00
=208 Betaine 0.50 0.50 0.50 0.50 0.50
B4k Antioxidant 0.05 0.05 0.05 0.05 0.05
iR Lysine 0.00 0.22 0.27 0.33 0.38
HE M Methionine 0.00 0.10 0.12 0.15 0.17
412 Taurine 0.50 0.50 0.50 0.50 0.50
BRI RE S CMC 6.5 3.49 2.74 1.97 1.23
41t Total 100 100 100 100 100
R4 Proximate composition
HL#E T Crude protein 52.95 52.75 52.89 52.73 53.32
MAERF Crude lipid 11.55 11.52 11.53 11.61 11.63
fiEf® Gross energy/(KJ/g) 24.76 24.75 24.80 25.18 25.12
K4y Ash 14.78 13.38 13.16 12.93 12.38

o a BRI B (me/ke R TR AL : MgS0,-7H,0 3568.0 mg; KC13020.5 mg; KAI(SO,), 8.3 mg; CoCl, 28.0 mg;
ZnS0,4-7H,0 353.0 mg,; CuSO,4-5H,0 9.0 mg; KI 7.0 mg; MnSO,4-4H,0 63.1 mg; Na,SeO; 1.5 mg; CgHsO,Fe-5H,0 1533.0 mg,;
NaCl 100.0 mg; NaF 4.0 mg; NaH,PO,4-2H,0 25568.0 mg; Ca-lactate 15968.0 mg

b: ZEE E R R mg/kg R : 4E2E R A38.0mg; a-/EF M 210.0 mg; 4E4: % D; 13.2 mg; Hilki#E 115.0 mg;
¥ & 380.0 mg; iRFRMLMEEE 88.0 mg; {22 368.0 mg; NAMR 1030.0 mg; EWE 10.0 mg; MR 20.0 mg, 4K B, 1.3
mg; JLEE 4000.0 mg

Note: a: One kilogram of mineral premix contained the following: MgSO,4-7H,0 3568.0 mg, KCl 3020.5 mg, KAI(SO,), 8.3 mg,
CoCl, 28.0 mg, ZnSO4 7H,O 353.0 mg, CuSO4 5H,O 9.0 mg, KI 7.0 mg, MnSO44H,0 63.1 mg, Na,SeO; 1.5 mg,
C¢Hs07Fe-5H,0 1533.0 mg, NaCl 100.0 mg, NaF 4.0 mg, NaH,PO,-2H,0 25568.0 mg, Ca-lactate 15968.0 mg

b: One kilogram of vitamin premix contained the following: Retinol acetate 38.0 mg, alpha-tocopherol 210.0 mg,

cholecalciferol 13.2 mg, thiamin 115.0 mg, riboflavin 380.0 mg, pyridoxine HCI1 88.0 mg, pantothenic acid 368.0 mg, niacin acid
1030.0 mg, biotin 10.0 mg, folic acid 20.0 mg, vitamin B, 1.3 mg, inositol 4000.0 mg
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F3 ARSI EREK
Tab.3 Amino acid of the tested diets

S 15 Groups

Amino acids D1 D2 D3 D4 D5

T EHERR Non-essential amino acide (g/100 g dry matter)
REFM Asp 456 450 460 450 473

Y FEMR Ser 272 280 250 245 251
BEMR Glu 9.04 9.00 9.01 9.05 9.44
HE&® Gly 322 320  3.00 3.08 321
WER Ala 298 280 275 279 294
EEERR Cys 078 080 079 0.81  0.69
B ZMR Tyr 179 180 170 171  1.50
i /R Pro 276 280 285 286 295
41t Total 27.85 2770 2720 2724 27.97
WA EFHEIR Essertial amino acides (mg/100 g dry matter)

AR Thr 222 220 212 209 214
HER Val 2.1 2.05 202 206 2.06
HEEMR Met 1.6 151 140 139  1.38
SRR le 173 172 1.68 1.64  1.67
ZEM Leu 402 390 375 3.63 371
FWEB Phe 227 221 215 208 212
&R Lys 378 371 3.68 359  3.73
HEAM His 115 120 122 128 132
R Arg 314 311 3.00 291  3.02
41t Total 22.01 21.61 21.02 20.67 21.15

Jei 43 B IR AN 38 oy S FR ., TR EE R AR L o
IMAE 4°CH#EE 4 h, 4000 r/min &5.0> 10 min, BUME .
B A R RAE T -20°C, R,

1.4 MEIERFFiE

SEu IR Pl K S 2 A UK 43I0 E R 105°C
HE1H 50 %E (GB/T 6435-20006); HLH HRTHLK
E RIENSE (GB/T 6432-2006); i iR HIAR [ # ik
M5 (GB/T 6433-2006); MK 532K H 550°C KK
7E(GB/T 6433-2007); AEHE R H#AKEIL (KA, C6000,
Germany); SEH R fADEE N S5 0 2H 2 2 BRI R ]
4 H Sh & LRI % {X (Hitachi L-8900, H A)%E .

AR MR bR BT RA R
715 % (Survival rate, SR, %)=2 K B EU/W] 1R B A< 100

148 % (Weight gain rate, WGR, %)=(fi{AK & -
o ) /A0 AR EE > 100

B R (Feed intake, FI, %/d)=(H &k /[(fa
A i+ ROK H)/2]/ 37 5 R £ <100

Al 2 % (Feed conversion ratio, FCR, %)=4% £ 7]

B/ ARG E X100

JIE# £ (Condition factor, CF)=ff /A i /fa A% 100

JIEAA o (Viscerosomatic index, VSI, %)= Il & /.
AR HE %100

JFAA H (Hepatosomatic index, HSI, %)=HT i & /4
AR HE =100

%14 H (Intestinesomatic index, ISI, %)=(J /i
PRAKH)>x100

1l V& TN & MR %% #% [ (Alanine aminotransferase,
ALT), K& AR5 #% i (Aspartate transaminase, AST) .
S5 H(Totol protein, TP), i H(Albumin, ALB).
Bk 1k W% FiR i (Alkaline phosphatase, AKP) . % % b
(Glucose, GLU), H i =& (Triglyceride, TG) . /& JH[#
% (Total cholesterol, TCHO). & %% FE NG 2R 1A JIH 7 i5
(High density lipoprotein cholesterol, HDL-C)FIK %
AR & F AH [ B% (Low density lipoprotein cholesterol,
LDL-C)¥J 5% I A= 4k 43 #r4%. (7020, H 37, H AW,
R & T AU 8 2 A A e AT FR A W] o Wi ) B
f 2 MR & B
1.5 BEFITEIH

K] SPSS17.0 X i B dhe 47 B R &R 7 22 0 e
(One-way ANOVA), 572, WIRH Duncan’s #f
TEZERE, BEKTEHN 0.05, GiEdE LA HE
FrifE2E (Mean+SD)E R FE IR o

2 HBRE5HH
21 EAEARBREMYRETLEEKEREF
(R EINEES: A

M1 4 AT, FRIEZSRIG , A4 R LE 0
£S5 (P>0.05); SXFHRAD)MHLEL, D4 Fil D5 itk
K FH AR (P<0.05); 8 8 AR ] 1Y TH g
A S, D4 F1 D5 4 8 &KX R4 (P<0.05), D2
D3 4 5% B4l 2 7] JC g 35 22 55(P>0.05); AR
RN 2 5038 G 3 22 5 (P>0.05),

22 ESEARBREMNMXESYERAKIERTN
A

M2 5 g, BEEEACHLGI R T, e R
e ETHE TR, 16 D2 4k 3 R (E, 50 RA
Tl & 2 F(P>0.05), H2 R EET D3, D4 fil D5
2 (P<0.05). MEMREL | BFUA LA 1R Lo 34 B B AR b
BRI R TR G LT, B7E D2 48 3 i AIK
8, D5 k3 HmEE, H D2 5 D5 ZH2ZEREH
(P<0.05).
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x4 EREOEREMMXEGLE S KMEREMFERF R (=3; x+SD)

Tab.4 Effect of replacement of fishmeal by compound proteins on growth indices and feed utilization of juvenile turbot(n=3; x +SD)

i Growps PV SR IRE friE % B HEfr R {5 R A
IBM(g) FBW(g) SR(%) WGR(%) FI/(%/d) FCR

DI 53.01+0.05 105.28+2.27° 96.67+5.77  98.60+4.41° 0.96+0.01 1.14+0.04

D2 53.00+0.08 104.101.56 97.77+3.85  96.42+2.98" 0.95+0.02 1.1440.03

D3 53.10+0.18 104.44+0.45 100.00£0.00  96.69+0.89" 0.96£0.00 1.14+0.01

D4 53.13+0.24 101.96+2.07° 98.89+1.92  91.91+4.75" 0.95+0.03 1.18+0.06

D5 52.81+0.07 99.04+0.85 100.00+0.00  87.54+1.36" 0.940.08 1.21+0.02

TE: TAFVEAE b ARAS R 2 4 1) 7 7 .35 22 57 (P<0.05). T )

Note: Values in each column with different superscripts are significantly different (P<0.05). The same as bellow

®5 EAEREREMMAEETYEMRIEIRFIE(1=3; x£SD)

Tab.5 Effect of replacement of fishmeal by compound proteins on somatic indices of juvenile turbot (n=3; x£SD)

205 Groups B CF JEAK HE VSI(%) JTFA HE HSI(%) Ak HE TWR (%)
D1 3.26+0.08% 5.03+0.23° 1.4240.06 1.76+0.117
D2 3.36+0.03¢ 4.58+0.09° 1.21+0.03° 1.69+0.12°
D3 3.14+0.11% 4.89+0.23% 1.34+0.04° 1.82+0.02°
D4 3.16+0.08% 4.89+0.15% 1.3440.04° 2.03+0.12°
D5 3.08+0.06" 5.36+0.13¢ 1.49+0.09¢ 2.22+0.04¢

23 EAERFRBEREMITKELTY & KNS HIZNT

Y2 6 AN, ShAEYIE A B R AR U X R3S
i &y #1141 7K 43 FIORLEE (4 28 2 G Bl 35 VR 5 i (P>
0.05). £ ARALHLIR G & /2 34 3 = T X B4 (P<
0.05), KSRGS, 78 DS 4k FIHALE, SXt
MR ZH 22 57 Wil 25 (P<0.05) . & & S 8 IR LAk
XFREEEEL 0T WK S ML L RIS G AR 4 & i

70 1 2 5% (P>0.05)

HIERRANINTE 7, B A EAER M
3 i A AL A b 75 S TR R T A 2 PR L i G B
FRW(P>0.05); BEE E A Sty BB K
MFFE, Cys 2 LTHEREMEE, SBR4AHE
i TR (P<0.05); Tyr & H7E D4 A4 5 3 5t
EE, BEE T RAM D2 4H; &4 Val #l Met
B R R TR (P<0.05),

*6 ESERBRKEMMAENRHEEKMSHRMB(1=3; x +SD; %ILHE(FW)]
Tab.6 Effect of replacement of fishmeal by compound proteins on proximate composition of the
whole body and muscle of juvenile turbot (n=3; x +SD; wet weight)

215 Groups JK 43 Moisture MM Crude protein  #MLBNF Crude lipid K4y Ash
4=ffi. Whole fish
Dl 76.21+0.29 16.36+0.54 2.22+0.10° 3.92+0.17°
D2 76.40+1.13 16.40+0.24 2.98+0.09" 3.75+0.09%
D3 77.25+0.28 15.88+0.14 2.88+0.17° 3.77£0.11%®
D4 76.76+0.36 15.92+0.15 2.86+0.14° 3.74+0.05%
D5 77.29+0.71 16.14+0.52 2.91+0.16° 3.59+0.17°
B WL Dorsal muscle

Dl 79.38+1.28 18.68+1.06 0.54+0.05 1.16+0.09
D2 78.95+0.28 19.32+0.42 0.53+0.02 1.17£0.04
D3 79.08+0.38 19.02+0.56 0.50+0.07 1.17£0.02
D4 79.43+0.33 18.79+0.31 0.47+0.06 1.16+0.02
D5 79.95+0.61 18.23+0.43 0.52+0.03 1.15+0.01
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Tab.7 Effect of replacement of fishmeal by compound proteins on amino acid of muscle in juvenile turbot (g/100 g) (n=3; x £SD)

1% Groups

FHB Amino acids

DI D2 D3 D4 D5

JE AT FER Non-essential amino acids
RINEZBR Asp 9.51+0.27 9.61+0.31 9.80+0.47 9.90+0.44 9.70+0.15
2R Ser 4.03+0.08 3.99+0.14 4.21+0.11 4.1240.17 4.04+0.06
BE R Glu 15.83+0.35 15.94+0.52 16.53+0.54 16.48+0.62 16.10+0.21
ffi& 2 Pro 3.06+0.04 3.00£0.10 3.1240.08 3.02+0.09 2.99+0.04
HHER Gly 4.50£0.13 4.49+0.19 4.56+0.12 4.4440.14 4.36+0.07
AR Ala 5.50+0.17 5.58+0.18 5.76+0.21 5.69+0.17 5.56+0.07
R Cys 1.04+0.06 1.18+0.01° 1.3840.03° 1.3040.03° 1.350.02°
IR Tyr 2.90+0.15% 2.82+0.16° 3.14+0.19* 3.19+0.12¢ 3.09+0.07%¢
41t Total 46.38+1.05 46.44+1.20 48.76+1.72 48.16+1.88 47.20+0.61

W R KL 2 Essertial amino acids
HKNEMR Phe 3.61+0.11 3.62+0.07 3.66+0.11 3.67+0.10 3.59+0.07
iR Lye 8.07+0.26 8.18+0.24 8.34+0.36 8.41+0.29 8.15+0.12
AR His 1.84+0.07 1.8140.08 1.87+0.10 1.90+0.09 1.82+0.12
WA Arg 5.65+0.13 5.67+0.16 5.79+£0.21 5.82+0.17 5.68+0.07
IR Thr 4.25+0.11 4.27+0.16 4.44+0.13 4.40+0.20 4.31+0.08
HAMR Val 3.43+0.03% 3.62+0.05° 3.65+0.05° 3.68+0.06° 3.6240.16°
EHR Met 1.98+0.04" 2.55+0.13° 2.69+0.06" 2.80+0.03° 2.7420.07°
SEHER Leu 6.96+0.19 7.02+0.20 7.16£0.28 7.20+£0.23 7.02+0.10
ST AR Tle 3.45+0.29 3.52+0.06 3.39£0.01 3.50+0.15 3.34+0.10
41t Total 39.19+1.57 39.92+0.36 40.81+1.69 41.38+1.44 40.18+0.79

T AT BUELS AR LR SRR oR 22 57 135 (P<0.05), T 1]

Note: Values in the same row with different superscripts show significant difference (P<0.05). The same as bellow

R e " . e PR PR(R 8). SXTHRZHAH L, &R ALT IR E

24 EGEARBEREMNKSEHEMBFTEIRS o .
R PR Wb AST WEAE D4 A DS 41EEE T AL
™ D2 Fl D3 41; TP WRBEE7E D2 4LihF iR, W
eSS e REEm T REFGMEST T D4 Ml D5 40(P<0.05), Hi2 5% MAEFARE

*8 EAEREREMELXNKRENYEMBFERERIZI(1=3; x£SD)

Tab.8 Effect of replacement of fishmeal by compound proteins on serum physiological indices of juvenile turbot

205 Groups

F54R Parameter

DI D2 D3 D4 D5

AHNEE RS ALT (U/L) 10.00+0.00° 11.33+0.57° 11.67+0.57° 16.33+0.57¢ 20.00+1.00¢
AEEEEEE AST (U/L) 45.00+1.00° 52.00+2.64° 48.67£4.93*  105.33£10.11°  149.33+4.50°
BIEM TP (g/L) 47.47+1.32% 50.17+2.27° 46.30+4.13%  45.37+1.55° 45.40+1.04°
1711 ALB (g/L) 14.93+0.68 15.37+0.32 15.40+1.38 14.33+0.72 14.83+0.73
%P GLU (mmol/L") 1.04+0.03 0.72+0.07° 0.73+0.04° 0.96+0.03° 1.12+0.09¢
Hih=F TG (mmol/L) 4.33+0.03° 4.38+0.15° 3.20+0.23° 3.54+0.29% 3.66£0.18"
JH[E & CHO (mmol/L) 7.12+0.20¢ 6.10+£0.07° 5.04+0.03° 4.63+0.24° 4.5140.02°
&SR 1 HDL-C (mmol/L) 4.5140.12° 4.1840.22° 3.76+0.16° 3.47+0.24% 3.30+£0.20°
R#ENEE A LDL-C (mmol/L) 2.17+0.16¢ 1.66+0.03° 1.4840.03" 1.07+0.07° 1.02+0.03°

PEBE RS ALP (U/L) 34.00+2.64 33.00+0.00 32.33+1.15 33.67+2.08 34.33+1.15
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(P>0.05); #4Hz20) ALB ¥k ALP W E £ 5 A1
#(P>0.05); GLU kBRIl FHim e TR e
LTHEa%, 78 D2 Ml D3 4B E (LT X 4L . D4 F1 DS
ZH(P<0.05); TG HeJEA1E D3, D4 #l D5 4 K T %f
W& ZH 1 D2 2H(P<0.05); CHO ., HDL-C #il LDL-C ¥k )&
PIRERAC LU i T e 2 R Rk, ST IRAIAR L, 4%
B4 CHO il LDL-C ¥R i 2% (%% (P<0.05);
HDL-C ¥JE{E D3, D4 1 D5 £ % X5 B 41
D2 #(P<0.05).

3 iFig

3 EREAREREMTRETLYE ERKMRE.
AR B EME AR

AR AT, EE Y E A ER A
K B f0R) Xof R 35 T 40y £ B G SR B AT R, X
& B AR I 5 M ek xof DR 25 6 &)y 0 %) i R A 7= AR A
., CAMREN, 8% E OB KZEFNE
BEH 30% 1 £k 23 1 2 BRI 0 A A K M e (P 45,
2012), EAE AW HEER IR EE TR 40%KY
(S, 2007), AEEARDFZ T, L ERY
R bR, 2 A SIEY R AR S0%I k5%t R4
To i 25 5, X R0 SO e R R (R R A
B—EMET, sy EA S aEEMEG58 TH
MER, $Em T E AR (R A R H ) i
50%Z Itk A, AT e A JE IR R BEE R LB Y
Th, BAHEYE A P LRPUE IR H S B8UE R
T HUH 2R B {IK (Fournier et al, 2004), MR T 4
frEK,

CA IR, sty E B a5 RAE K
TR R R EE PR AR 51 A Y (Yigit er al, 2006;
Kader et al, 2010), {HEEARMR P& HZ MERE R
R R B 0 3 22 5%, W REJR R SR AR 5% fRD R
HAEEABR AN OGRS A R F R
Fo— SR A AR 0 B -4 (B HLWI A, 2015), Bl T
TS T, PRUE T T K sh AR 9 2R AR ok
J&, RESEL AR R R B,

A Q0165 K, 708 F5 & A U,
R P S kA —E AR . FEARBFSE A,
AT AR VAR L BITE 40%K , B HE A A o 2
EACT X R, RAE G Y & BB a5 R
VAR LA T —E R RS, X 5X21E%(2016)
WFFE 25 R —2L

32 ERERREREHNKRET LSBT HFNE
RBFEEREW, S E S EABENARE,

Sz MK AHEAGEY TR EESR . OF
RERW, UEGHEYEARakRE, SRR E
HLAE WG & = (A SE, 2016; Kader et al, 2012), {HA
R EEY R A B AR5 HBg i T 4
feli . B RIER, nfEeMER 5EA
TR ARy LU T i, SR A B RSCR B ke AL, T
AR E AR RE R R, WA TA Buls I i e 5
WG (T ak0E, 2018), M GRRL A A% B DT AL
W E, S T RN E R B REVCEER, AR
i E5 5 bl 2 A sh A B TR B9 T 5 T 5 (Sheng,
1994), BEARIEAPLHEA T E—H098 . R TFEEHEA
TR AR A T A I A3 R, AN [R) R S 3045t A 45
INAF . FECARREERE . BRI (0 (Pelteobagrus
Sulvidraco) s & B, B A 8 H B af Xtk
KA &t R E M GEALSE, 2015; B M5, 2017,
Deng et al, 2006), {HEEAMFH, fRIK 35w bEE
BRI SR TR, MM R, o]
REEZAIEDEARTSANIUE RN TS
Zn*", Ca*', Cu*'Fl Fe’'% 4R B T2 SN ER
ANEPER WS E, 1999), M AR A 5 1)
JoT BT AR, I B AR o R A

AR, 524G sh i) i R A o K22 6
iSRS . MLEE A L HLS AR 2 48 TG B 3
e, X 5P E A ERK A LIRS
(Kadera et al, 2012; Turker et al, 2005), M 2 5% ) FF
0T, SRR G R A R X LR A 0 T A R R
SRR S SR B B Y TC B A, X R I AR S
TR A S B A BC LA R UL IR &R 5 T .
5XFHRAMMEL, B4 Cys. Tyr, Val Fll Met & &1y
FEDAN =y <k ==Y S P s = N D N B S A AR =
FERR A RS AL, AR Z SR IMHFE S IR AE T
A B ZS AL (ARAR AR SE, 2015), BHARHLBE T3 i — 4
ifr5E .

33 EAEARBRENNREFHEMEELIE
N A

TRk AR 1R DR Y 2 2 5 i 8 AR I VR A AR R A
HA8Ak(Lim et al, 2011), Ye 25201 1)WF5E M, Bpff
SIFEY R RS Ry X R R 1 A W R
{BJRAE— E R A R fa A il A AL b . AR5
GERRMT, ALT M1 AST BEBAR LGl 7 24 2 7
r R UL B E R A R B A AR R K B T
e, X EARIEE B T —E e, SE0 ALT F1 AST
KB B B M (Kouba et al, 2014), IfiLi4 TP WAL
D2 ik El e fE, 4 ALB %GR E k225,
T WA & G S W 8 A A R J5 o iR R
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5L, TG, CHO, HDL-C il LDL-C 246 il ff1 {4

B2 Y B B8 FR(Geurden et al, 2008) A FEH,
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AR L REIR, SEANE S EASEE S
MY EABREN, &5 800 A IS TR
(Dias et al, 2005; {UHESE, 2016) Y HHCHF TR 45 R —
B, HIFE K AR A B G 8 B R Aok e ) T
i, PURLER TR e AR AR A S BT AR BE T g el A
(Panserat et al, 2008; Nagel et al, 2012), M50 T IfiL
T A 2SI ) 22 1k o

4 it

1 84 d FRFEMFR P, M FHE G shiY & H IR T
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& % x #

Chen C, Chen JH. Effects of taurine and compound crystalline
amino acid on feed intake, growth and feed utilization of
turbot (Scophthalmus maximus L.). Chinese Agricultural
Science Bulletin, 2012, 28(23): 108-112 [[4i4B, Brnide. 4
MR . R IERR FGE SRR | AR ORI IR Y
B, P AR, 2012, 28(23): 108-112]

Dias J, Alvarez MJ, Arzel J, et al. Dietary protein source affects
lipid metabolism in the European seabass (Dicentrarchus
labrax). Comparative Biochemistry Physiology, Part A,
2005, 142(1): 19-31

Dai WW, Mai KS, Xu W, et al. Effects of replacing fish meal
with plant-based protein on growth, physiological and
biological indices, and intestinal histology in tongue sole,
Cynoglossus semilaevis Giintuer. Journal of Fishery
Sciences of China, 2016, 23(1): 125-137 [{%A5fs, ZZREZ%,
TRER, A EAHYE PR CER N A AR
A AR AR A 2 S5 R 52 e b K R, 2016,
23(1): 125-137]

Deng JM, Mai KS, Ai QH, et al. Effects of replacing fish meal
with soy protein concentrate on feed intake and growth of
juvenile Japanese flounder, Paralichthys
Aquaculture, 2006, 258(1-4): 503-513

Dong C, Zhou HH, Mai KS, et al. Replacement of fishmeal in
juvenile turbot diets with compound proteins: Effects on

olivaceus.

growth performance, whole body composition and apparent
digestibility coefficient. Periodocal of Ocean University of

China(Natural Science), 2015, 45(4): 27-34 [H4li, 2,
HZRRERR, 55 EAENBEGA AR R K R
H ANV AR R 2 i (A SR
fR), 2015, 45(4): 27-34]

Dai WW, Mai KS, Xu W, et al. Effects of lysine-arginine
interaction on growth performance, body composition, and
muscle amino acid levels of juvenile turbot (Scophthalmus
maximus L.). Journal of Fisheries of China, 2015, 39(6):
876-887 [fUflifh, ZRERR, 1R¥, 5. MR BE R AN
R N REEBF R A R LN R R 7
RURZIR. JKF=224, 2015, 39(6): 876-887]

Fournier V, Huelvan C, Desbruyeres E. Incorporation of a
mixture of plant feedstuffs as substitute for fish meal in diets
of juvenile turbot (Psetta maxima). Aquaculture, 2004,
236(1-4): 451-465

Fan T, Liu Y, Ming W, et al. Effects of substituting fishmeal with
earthworm (Eisenia foetida) meal on growth, muscle
composition, serum biochemistry index and immunity
performance in the loach Paramisgurnus dabryanus. Journal
of Fishery Sciences of China, 2016, 23(6): 1320-1331 [Ju#%,
X%k, WIf, S Dy Uk X R BRI Je B 1 L
PUSSY | I AE AR b B S e MERE R 2R v 7K B2,
2016, 23(6): 1320-1331]

Geurden I, Kaushik S, Corraze G. Dietary phosphatidylcholine
affects postprandial plasma levels and digestibility of lipid
in common carp (Cyprinus carpio). British Journal of
Nutrition, 2008, 100(3): 512-517

Kaushik SJ, Coves D, Dutto G, et al. Almost total replacement of
fish meal by plant protein sources in the diet of a marine
teleost, the FEuropean seabass, Dicentrarchus labrax.
Aquaculture, 2004, 230(1): 391-404

Kader MA, Koshio S, Ishikawa M, et al. Supplemental effects of
some crude ingredients in improving nutritive values of low
fishmeal diets forred sea bream, Pagrus major. Aquaculture,
2010, 308(3-4): 136-144

Kader MA, Koshio S, Effect of composite mixture of seafood
by-products and soybean proteins in replacement of
fishmeal on the performance of red sea bream, Pagrus
major. Aquaculture, 2012, (368-369): 95-102

Kadera MA, Bulbul M, Koshio S, et al. Effect of complete
replacement of fishmeal by dehulled soybean meal with
crude attractants supplementation in diets for red sea bream,
Pagrus major. Aquaculture, 2012(350-353): 109-116

Kouba A, Velisek J, Stara A, et al. Supplementation with sodium
selenite and selenium-enriched microalgae biomass show
varying effects on blood enzymes activities, antioxidant
response, and accumulation in common barbel (Barbus barbus).
BioMed Research International, 2014, 2014(1): 143146

Lei JL, Farming techniques of turbot. Shanghai: Shanghai
Scientific & Technical Publishers, 2003, 8 [Fi 557k, KIZHT
TP, g BIRRAHEOR AL, 2003, 8]

Lee J, Choi IC, Kim KT, et al. Response of dietary substitution
of fishmeal with various protein sources on growth, body
composition and blood chemistry of olive flounder



43

ABRIEIEAE: 525 SR R e R AU X ISR ) A IS PR B3 B A B A AR AR ) R 19

(Paralithchtys olivaceus, Temminck & Schlegel, 1846). Fish
Physiology and Biochemidtry, 2012, 38(3): 735-744

Li XL, Wang JY, Song ZD, et al. Research on partial
replacement of fishmeal by two kinds of soybean meal inthe
feed of juvenile @ Epinephelus fuscoguttatus * &
Epinephelus lanceolatus. Journal of Shanghai Ocean
University, 2017, 26(5): 716725 [Z=240H, EPr#, R
AR, GE. RN SRR S B A A TE R B IE A B £ 4)) £
TR EIBIFSE.  LIRIEE R 271, 2017, 26(5): 716-725]

Li ZS, Wu LX, Li SM, et al. Effects of replacing fish meal with
poultry by-product meal on growth performance and body
composition of juvenile turbot (Scophthalmus maximus).
Fisheries Science, 2016, 35(5): 486491 [Z=25T}, RSL#T,
AR, A X PR A AR X R SR B A A A ZE
. AR, 2016, 35(5): 486-491]

Luo QG, Ye YT, Cai CF, et al. Effects of adding stickwater meal
and fish oil into basal diets on grass carp (Ctenopharyngodon
idellus) growth, liver fat content and serum indicators.
Journal of Fisheries of China, 2015, 39(6): 888-898 [4' H:
Wi, MICt, ST, 48 HRR AN o Fnfa st
oA A FNERG T & S R0 LI PR R M. KA
iz, 2015, 39(6): 888-898]

Li HT, Mai KS, Ai QH, et al, Apparent digestibility of selected
protein ingredients for larger yellow croaker Pseudosciaena
crocea. Acta Hydrobiologica Sinica, 2007, 31(3): 370-376
(i, 2Rk, PO, 5. RExf JLRMERE A 5
BHEALRBIBITE. KAEAYI 4R, 2007, 31(3): 370-376]

Liu YZ, He G, Mai KS, er al. Effect of partial replacement of
dietary fishmeal with an animal and plant protein mixture on
the growth performance and muscle texture of juvenile
turbot (Scophthalmus maximus L.). Periodocal of Ocean
University of China (Natural Science), 2016, 46(1): 33-39
[XEEIE, fiTR, &ZREFE, % BFriE A sifuE s
AR A X R E B 40y £ A AR P BT 5. o [P R
SRR, 2016, 46(1): 33-39]

Luo JX, Huang WW, Yuan Y, et al. Effects of fish meal
replacement with poultry by-product meal on growth
performance, feed utilization, digestive enzyme activities and
antioxidant capacity of juvenile yellow catfish (Pelteobagrus
fulvidraco). Chinese journal of animal nutrition, 2017, 29(11):
141-150 [F5EH, B0, 20, %, WPtk
A I ARIERE . FRVRI T AR TS P R TR Ak
REIBREMA. ShE IRl 2017, 29(11): 141-150]

Lim S, Lee K, A microbial fermentation of soybean and
cottonseed meal increases antioxidant activity and gossypol

detoxification in diets for Nile tilapia, Oreochromis niloticus.

Journal of the World Aquaculture Society, 2011, 42(4):
494-503

Lee J, Choi IC, Kim KT, et al. Response of dietary substitution
of fishmeal with various protein sources on growth, body
composition and blood chemistry of olive flounder
(Paralichthys olivaceiis, Temminck & Schlegel, 1846). Fish

Physiology and Biochemistry, 2012, 38(3): 735-744

Mei L, Zhou HH, Mai KS, et al. Effects of dietary substitution of
fishmeal by fermented silkworm pupae on the growth, feed
intake, digestion and immunity of juvenile turbot
(Scophthalmus maximus L.). Progress in Fishery Sciences,
2015, 36(3): 85-92 [HHk, AR, ZRREAR, 4% ®IHEH
BRA X KEEFE(Scophthalmus maximus LA |
TR AT T A QI B S M RE RS2 R el B0t e,
2015, 36(3): 85-92]

Miao XX, Chen HG, Li XL, et al. Effect of dietary phytase on
growth and phosphorus utilization of broiler chicks. Acta
Agriculture Universitatis Henanensis, 1999, 33(1): 68-71
(R, BRLLIR, 25525, S5, RERRMGEXS AXG A 1 R i A
FHER AR TR R 222441, 1999, 33(1): 68-71]

Nagel F, von Danwitz A, Tusche K, et al. Nutritional evaluation
of rapeseed protein isolate as fish meal substitute for
juvenile turbot (Pestta maxima L.) impact on growth
performance, body composition, nutrient digestibility and
blood physiology. Aquaculture, 2012, 356-357(4): 357-364

Panserat S, Kolditz C, Richard N, et al. Hepatic gene expression
profiles in juvenile rainbow trout (Oncorhynchus mykiss)
fed fishmeal or fish oil-free diets. British Journal of
Nutrition, 2008, 100(5): 953-967

Sheng HQ, He XQ. Effects of dietary animal and plant protein
ratio and energy on growth and body composition of bream
(Megalobrama skolkovii Dybowski). Aquaculture, 1994,
127(2-3): 189-196

Turker A, Yigit M, Ergun S. Potential of poultry by-product meal
as a substitute for fishmeal in diets for black sea turbot
Scophthalmus mseoticus: growth and nutrient utilization in
winter. The Israeli Journal of Aquaculture- Bamidgeh, 2005,
57(1): 49-61

Wei JL, Wang JY, Song ZD, et al. Effects of the partial substitute
for fish meal by hydrolyzed krill meal on growth
performance, the body composition and the serum
biochemical parameters of juvenile pearl gentian grouper.
Progress in Fishery Sciences, 2016, 37(1): 100-110 [Z{43:H,
TR, RER, 5. BRI 2 nA
BEfO L0 A PERE ARZ R NG AR AL RS2 . il B2
iR, 2016, 37(1): 100-110]

Yu JY, Xu XJ, Zhang J, et al. Effects of lipid and protein
metabolism on muscle flavor. Feed Research, 2018, (1):
1721 [Takde, YN, kak, & IRDiFns s
A XU [ RE . ARDRMTESE, 2018(1): 17-21]

Yigit M, Erdem M, Koshio S, et al. Substituting fish meal with
poultry by-product meal in diets for black Sea turbot Psetta
maeotica. Aquaculture Nutrition, 2010, 12(5): 340-347

Ye JD, Liu XH, Wang ZJ, et al. Effect of partial fish meal
replacement by soybean meal on the growth performance
and biochemical indices of juvenile Japanese flounder
Paralichthys olivaceus. Aquaculture International, 2011,
19(1): 143-153

(%BE LAWK



20

woor B o

-
el

Effects of Replacement of Fish Meal With an Animal and Plant Protein
Mixture on Growth, Body Composition, and Physiological and
Biological Indices of Juvenile Turbot (Scophthalmus maximus L.)

HAO Tiantian', WANG Jiyingl(D, LI Baoshan', SONG Zhidongl, HUANG Bingshanl,
SUN Yongzhi', WANG Yaping'?, WANG Xiaoyan'

(1. Key Laboratory of Marine Ecological Restoration, Shandong Marine Resources and Envionment Research Institute, Yantai
2640006; 2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental
Ecology and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural affairs, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306)

Abstract A 12-week feeding trial was conducted to evaluate the effects of replacement of fish meal
with alternative proteins on growth performance, body composition, and physiological and biological
indices of juvenile turbot (Scophthalmus maximus L.). Five isonitrogenous and isolipidic practical diets
were formulated to contain graded levels (100%, 60%, 50%, 40%, and 30%) of fish meal (D1~D5); the
D1 group was used as the control. A protein blend of four ingredients (soybean meal, peanut meal,
stickwater meal, poultry by-product meal = 2:1:3:2) were used to replace the fish meal; subsequently,
amino acids were supplemented in the low fish meal diet to obtain similar amino acid profiles to the high
fish meal diet. Each diet was randomly assigned to triplicate groups of 30 fish [(initial weight, (53.0£0.2) g)]
per aquarium. The results of the survival rate, feed conversion ratio, feed intake, whole body moisture and
crude protein, dorsal muscle moisture, crude protein, crude lipid, and ash content did not show any
significant differences between any of the groups (P>0.05), whereas the diets with low fish meal content
(D4/DS) significantly reduced the weight gain rate of fish compared with the control diet (P<0.05). The
condition factor was significantly enhanced in the D2 treatment compared with the D3, D4, and D5
groups (P<0.05). However, the viscerosomatic and hepatosomatic indices were significantly reduced in
the D2 treatment compared with the D5 (P<0.05). The dietary inclusion of the animal and plant protein
mixture significantly elevated the whole-body crude lipid content (P<0.05). The whole-body ash content
in the D5 treatment was significantly lower than the control diet (P<0.05). The essential amino acid
compositions of the muscle were not significantly affected by the replacement of dietary fish meal with
animal and plant protein mixtures (P>0.05). The dietary inclusion of animal and plant protein mixture
significantly elevated serum aspartate aminotransferase and alanine transaminase activities (P<0.05). All
the substituted protein diets caused significantly reduced serum cholesterol and low-density lipoprotein
cholesterol (P<0.05), but only D3~D5 diets caused a significantly decreased serum high-density
lipoprotein cholesterol (P<0.05). The dietary inclusion of animal and plant protein mixture had no strong
effects on the total protein content and the alkaline phosphatase content (P>0.05). The replacement of up
to 50% of dietary fish meal with an animal and plant protein mixture did not impair growth or reduce the
feed efficiency of juvenile turbot.

Key words Scophthalmus maximus L.; Animal and plant protein mixture; Fish meal; Growth;
Physiological and biological index
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