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TR R I PR R 2 B OK R 4 X K 2= B
(Scophthalmus maximus L .)%h £ 4 < P4 Bt
KA B AR F LR

AfEHY M #'Y ITgr' ZHFV HHAH' KEE'
(1. "PEUKRIEEIE R SR B8 266071; 2. R RYK™ 5Lk EF 201306;
3. HEBHRESEARERLEE R EASEY B RIRELEE  HE  266071)

WE  AARERST 3IHEAF R, o, X AR 15% % 53 43 o 17 8
BA, 2NERAFEH A 2 KEEAMGKBEEAFRT AT 10%0N 20 EE, SHHEERE
K 4.16 g % 47 B K 2 #7(Scophthalmus maximus L.)4h & #5477 4 1 12 E i #8, R 7 HEat K4
EKMERGEAREEMNEE, SRET, AXKEFAHAPH)NEEEKE, ARRE, &
BRELfE A FARERASBAFM L R E Z 7 P>0.05), EIFETHKME G 4 (PHe)
(P<0.05); 3 41500 1 Wy 3% & %R T B 2 2 3(P>0.05); PHf 1 PHc AW &k E A4 B R %5 T FM 4
(P<0.05), 3 45236 # By fE Bl 48 T B 2 2 5(P>0.05), PHf 71 PHe Zlth & K ALA L EAEB A ER
F % T FM 41(P<0.05), PHf 1 PHc 4189 8T A0 # 7 26 9% 22 % L K T FM 41, H PHf 414 FM 4l
#7 BF(P<0.05); 3 4155 & A i b R e E L B ¥ £ 73 (P>0.05); FM 4181 i fr
Ja bty f B B KT 2 41, H B2 kT PHE 4(P<0.05), K Z &R0t A & AR B %R 4
BN EAEEKEG AL FEM T HERTERGKEEA,

KA YKkMEEA; AKMEA; AKMER; WEALFEN;, KEH

FESES S963  XEAMRIZAE A XEHES  2095-9869(2017)02-0083-08

Bt 5 7K P2 SR A B & 2, oA A T SR A T 4 VI S Py 1 o 9 N i e = sl S 1]
i, SEABN AR Bk, SURROR . ME AN AR IR AR I s )AL R R A R
HORE 1z . AR BESE A S ATV g oy AR, (2 PERREMARAS, B T AIR . AR . v
M THEYEARSAERE RN T @ ERA S MRt R FROUIEE, 1992; Liaset et al, 2008)., fa)k
B, B T e A P e e 14 78 e (B e 1725, 20005 HAR IR 43 7K il B 1 AE X B SR e 0 L PR Ak
Bureau et al, 1998; Francis et al, 2001; Gomes et al, 1995; R R R N R TR R R O A — 2 A R
BRfE, 2009"; El-Saidy et al, 2003; JFF-4§, 2002). FH (235 %, 2005; Infante et al, 1997; Cahu et al, 1999;
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THESE, 2003) STAER, £ E2E g R A oK fig o
B %KV 7 ik (Salmo salar) . T % (Oncorhynchus
mykiss) . fifi ff1 (Dicentrarchus labrax) . ”f- & (Paralichthys
olivaceus). KZ%fif(Scophthalmus maximus L.). # 4
f1 (Oreochromis niloticus) 1 ffi (Cyprinus carpio)%
W HEAT TAIRSE, A I8 BE A foK i 2 ] g
FAR AR R IH AR L S AR R R e ) e
(Liaset et al, 2003; HHEFLL5E, 2007), {HAS A 5 K i
Pyt 1 28 A A R 1145 i 5 DL 4

ENIIEMYNE S XA EESPOE SR A =Y L7k
P 2t ) o s FH S K fifk 25 R £ K i 2R O3
PRI 53 by X R EE B4y A KPR BE L LA 2 S5 R 4 A
KB HAELER 52, AN R K R TE R B
PR 2R R G & BRI R B 5%

1 #wREFE
11 KEEENHE

K iR 85 H SR H K P ¥ Bk B 0 (Theragra
chalcogramma) i HE . K fift & (1 09 il 75 7k S R
Zheng 55 (2012) 1 77 %, Tl Ak W it I é 7 2% e AX
(BUCHI)M AR5 BN 4G W, ARG ¥ VR TR A7 & H
XK i # E A RTH

12 &aXkMER. CAkBEASTESHRIAER
4H AL E

£ 7K ff 2 (1 (PHD) FIXG 7K fif 85 11 (PHe) 4+ 1 43
MR TE RAFQOIA Tk, SRR AL & 1E
6 mol/L HCI H 110°C /K f# 24 h, R H 37 L-8900 4=
H Sh & LRI E N 52 o 2 FhK #2117 5 PHE, PHc
()53 F- i 21 53 J s SRR A o Sl UL 3% 1 RIER 2,

K1 AERBABEANS FES T (%)

Tab.1 Molecular weight distribution of two

protein hydrolysates (%)

4rFiE Molecular weight (Da) PHf' PHc?

10000-5000 0.10 0.19

5000-2000 1.33 3.22

2000-1000 6.65 12.62

1000-500 22.72 27.38

200-500 55.16 45.18

100-200 2.35 3.65

<100 11.69 7.76

1. KRR 2: WAKHEN, TH

1: Fish protein hydrolysate; 2: Chicken protein hydrolysate;
the same as below

®k2 BKBEAFGKEEANSEBRAN (% )
Tab.2 The amino acid composition of fish protein
hydrolysate and chicken protein hydrolysate (% dry matter)

R HEMR Amino acid(%) PHf PHc
REZATR Asp 6.78 7.01
AR Thr 3.07 3.13
22 % Ser 3.35 3.01
AR Glu 10.88 12.52
H=m Gly 5.12 13.49
HEMR Ala 4.67 7.17
A PR Cys 0.57 0.51
B R Val 3.30 3.10
A Met 1.92 1.10
5L R e 2.88 2.32
ZER Leu 5.12 4.13
B E R Tyr 1.85 1.35
FIE R Phe 2.86 2.47
AR Lys 6.10 4.74
1A His 1.51 1.61
K& Arg 4.54 5.03
AR Tau 0.77 0.12
BRI TAA 65.33 72.82
DTS B EAA 31.32 27.63
e TEE IR NEAA 34.01 45.19
EAA/TAA 47.94 37.94
EAA/NEAA 92.08 61.14

1.3 SEIgE

ARSYG LT fa Ry . R F (IR EREE .
A W) Bt K i # 1 (PH) . XK 45 H (PHe) A & H
5, LAAf 3 R g DR o /S 8 oK #2511 BREE (FM),
2 FhK R AR 14 B AR 10% M foly 5 11, IVERR 3 Fh
ER . FIRMERL, R L 3. BT JEURLR R
it 80 H, KRl e srIRA), HlSRAE A 3 mm )
Tkl, FEMLAE SSCTIHLT, SRIG20CHRAF& M. W
RHEIL R N L2 4.

14 FLBHEKEFEEIE

TR LI Ve R LR A E R (4.1620.01) g Y K6
hifa, FRIESCEAEM G I K X RIEK = F B2 w5 JF
&, LT URTT, AR R 14 d, (N IR 5
Bio SR ASKOGIR, IR R GR HAKIEIRE N
120 L BB ESAIRR , R0 K AR K, K FR5E
i, JHCN 5 L/min, /KA (14.0£0.5)°C, #ELER
., WE > T mg/L, $hEN 30.0£0.5, pH iy 7.5-8.0,
ARSI TF IR, (5 24 h, WEHFR/NEL) | Ak fd
e HLRR TC 0 K26 4yt FREE S B AL 20 BC 7
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BT R EIIBRE K T K226 Scophthal mus meximus L&l a2 E KAk RE S A E 41 22 E 250 IR R 85

12 DNBEESBRI N (3 ML BRL, B4 4 N ER), B
25 Efa, BHRMSCEFARMEERME 2 K(06:30 F1
16:30), FMELER 30 min J5, PR HEFTS I, I
K12, FRAEJEA 12 A

*3 ZWEAMEFINEFAEMR(%)
Tab.3 Formulation and proximate chemical
composition of experimental diets (%)

JEUK} Ingredients (%) FM PHf  PHc
14} Fish meal 15.00 8.00 8.00
A1 Soybean meal 24.00 24.00 24.00
FEKFE A M Corn gluten meal 12.00 12.00 12.00
2 i Ay Wheat gluten 18.00 18.00 18.00
oK i PHE 6.20
XK fig 5 PHe 5.30
/NZZ#} Wheat meal 12.30 12.60 13.50
£y Fish oil 870 9.20 9.20
BR#ENE Soy lecithin 1.00  1.00 1.00
41k FIRAY Vitamin premix 1.50  1.50  1.50
W IR &% *Mineral premix 1.50  1.50 1.50
S LAAH, Choline chloride 2.00 2.00 2.00
WL — A 485 CaH,PO, 2.00 2.00 2.00
4k C Vitamin C 0.50 0.50  0.50
L-#i 22 L-lysine 0.80 0.80 0.80
D/L-#HE % f# D/L-methionine 0.40 0.40 0.40
LK & MR L-arginine 030 030 0.30
BFEH4T Proximate composition
HLEE M Crude protein 50.24 50.23 50.46
HLNEW5 Crude lipid 1133 1129 11.31
JK4y Ash 724 723 6.36
1: (mg/kg or g/kg ): , 25 mg;
, 45 mg; , 20 mg; B12, 0.1 mg;
K3, 10 mg; , 800 mg; , 60 mg; , 200 mg;
, 20 mg; , 1.20 mg; A, 32 mg; D,
5 mg; E, 120 mg; 18.67 g
2: (mg/kg or g/kg ): , 2 mg;
, 0.8 mg; , 50 mg; , 10 mg; , 80 mg;
, 50 mg; , 1200 mg; , 3000 mg;
, 100 mg; ,1551¢g

1: 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

2: Mineral premix (mg/kg or g/kg) diet: NaF 2 mg; KI 0.8
mg; CoCl,-6H,0 50 mg; CuSO,4-5H,0 10 mg; FeSO,-7H,0 80 g;
ZnS0,4 7H,0 50 mg; MnSO,4-4H,0 1200 mg; Ca (H,PO,),-H,O
3000 g; NaCl 100 g; Mordenzeo 15.51 g

15 HmEERENERNE
SEETTIRES, BEPLIR 10 R a0/ AF T-20°C LIS

SEY AR B A BT SE 0 . SE A R, 5] 24 h,
FAAAREE, RIGHIPLE 5 B, f~14F T-20CH
TR T R 3 B, BOHLET &b
RAET Davidson’s [EEW(95%LBE 330 ml, HIEE
220 ml, KAEERR 115 ml, 4li7K 335 ml)H, Davidson’s
B E WY E 24 h, WWEHBE R 70% OB IR AE .

TRl AR AR RE S AE 105 CHET e &, sl ik
P E TS, SRS ST AR E o M AR R
FLICE AL MR R AR [CHi 3R K43 rl o 75
JeAE L EoRAL IS FAE S AR 550°C#ARE 3 h, R
HIRIE

Wi HA ) fr, e ik, A A3, LEICA
RM2235 B L2k Y) i, HE Jeta, hvEm g
F, Nikon E800 %Y g filths ™ VA% . 4AHE.

x4 EARIERAM(% )

Tab.4 The amino acid composition of experimental

diets (% dry matter)
F I Amino acid(%) FM PHf PHc
KA Asp 2.86 2.74 2.74
P& R Thr 1.43 1.37 1.40
2 Z IR Ser 1.92 1.84 1.89
HEMR Glu 10.54 10.05 10.55
H&M Gly 1.67 1.67 2.08
N Ala 2.07 2.01 2.17
A PR Cys 0.53 0.73 0.75
HEBR Val 1.81 1.75 1.86
E R MR Met 0.89 0.53 0.69
5L R e 1.61 1.59 1.69
2R Leu 3.56 3.45 3.66
fig &R Tyr 1.58 1.45 1.60
RINH TR Phe 2.72 2.67 3.22
AR Lys 231 2.36 2.47
A His 1.02 0.93 1.13
K& Arg 1.93 2.25 2.52
AR Tau 0.14 0.16 0.12
BAEMR TAA 38.59 37.55 40.51
WA IER EAA 17.28 16.90 18.64
JE T IR NEAA 21.31 20.64 21.88
EAA/TAA 44.80 45.02 46.04
EAA/NEAA 81.18 81.89 85.40

1.6 HERZITSHAE

14T R (Weight gain rate, %)=100x(Z& KK E ]
U AR ) /) b A o

¥ € 4 K ¥ (Specific growth rate, %/d)=100x
[In(Z R AAH )~ In(F) #h 14 H) /5L 55 KL
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% (Feeding rate, %/d)=100x i1y 5 5% £ 5/
[ 50 R EO< (W) bR AR FE -+ 2R (R ) /2]

TR (Feed efficiency)=ff A B (IR &)/ 1
Y R

5 AR e (Protein efficiency ratio)=(Z AR AR H -
MR R/ H AR

H H TR (Protein retention, %)=100xfa{k %
H B A7 /AR A

K] SPSS 17.0 e it 4 S i Bl A7 A R R
772243 M7 (One-way ANOVA), 24 2= 53k 3| g /K
(P<0.05), #E17XR15 £ & 4 (Duncan’s multiple range
tests), BHEFR NI ELPRMEZE (Mean+SD).,

2 #R

21 REKMRE QX AEEL @ 4 KM TR R
EEOEA

K 3 AR SR B fa A KPR RE RS R L6 5.
3 ZH 556 £A Y TS RAE 98% LA |, H 3z El e n
Z5(P>0.05). 3 ALE a2 MM RGN #2E5R
(P>0.05); PHf RN E R | FEAKES FM 42
5] TG {2 3 25 5 (P>0.05), {H.& 3 & F PHe 41(P<0.05);
FM 5 PHf 4 DREISCR | B RCR . S DR
R EEF(P>0.05), HEE R T PHe 41(P<0.05).

5 AEKBEAVNAEZEADEEKER
4% M ( + )
Tab.5 The effects of dietary inclusion of two different
protein hydrolysates on growth performance of juvenile

turbot(Mean+SD)

i H Items FM PHf PHc
R 5 99.042.0  98.0+2.3  98.0+2.1
Survival rate(%)
i F 3% 3
SR Weight 592.69+7.60%579.46+6.54%° 446.49+5.94°
gain rate(%)
5 ¥ . 3% .
RFREAEICH Specific 5 30,0 019 2.2840.01%  2.0240.01°
growth rate(%/d)
B 1.34£0.02  1.33+0.02  1.35+0.04
Feeding rate(%/d)
i SR
bR 1334001 1.33£0.02°  1.22+0.0°
Feed efficiency
EFHCRIL Protein 5 5 0 030 9640.04*  2.08£0.06"
efficiency ratio

Vi A 322
CSHIE 33.81+£0.30° 33.00+£0.65* 29.91+0.96"

Protein retention(%)

T AT RS _EARANR] 7R A7 A 35 22 57 (P<0.05),
NG|

Note: Values in the same row with different superscripts were
significantly different (P<0.05). The same as below

22 AEKBEANAEHSEUFZHABRRIAR
E IR ZH AR R

PHf 1 PHe 1 iy faiifb22 4 i (3R 6), MR &
G W2 5(P>0.05), {HE#E & T FM 41(P<0.05);
FHRG I & 12t 3 />S40 2H 8] TG W 3 22 5+ (P>0.05); FM,
PHc 41y K4 &t i 3% 7 T PHE 41(P<0.05), FM flI
PHc 4 2 [W] UG b 3 22 5 (P>0.05).,

AR NLA R 16 Frad 3k (£ 7), PHf 4l
R AT iR 7 12 o 2 = T HA 2 4H(P<0.05), FM, PHf,
PHe ZH 5 R S BE R R A 2R | S R IR 2R H R &

®6 ARKBEANKETLEELFEMNEIT
(% ) ( + )
Tab.6  The effects of dietary inclusion of two different

protein hydrolysates on body chemical compositions of
juvenile turbot (% dry matter) (Mean+SD)

i H Items FM PHf PHc
FZE M Crude protein 63.24+0.49° 65.45+0.65" 65.57+0.93°

LI Crude lipid 17.05+0.49  17.88+0.79 18.23+1.48
K4 Ash 14.74+0.30° 13.65+0.14° 14.59+0.51°

F 7 AEKBEBEIKEE L&A R SEERH R0
(% ) ( + )
Tab.7 The effects of dietary inclusion of two different

protein hydrolysates onon amino acid composition of muscle
of juvenile turbot (% dry matter) (mean + SD)

ﬁ%@? FM PHf PHc
Amino acid(%)

KA R Asp 8.54+0.12 8.04+0.26  8.08+0.18
7% R Thr 3.78+0.09 3.65+0.13 3.72+0.13
225 BR Ser 3.39+0.08 3.19+0.11 3.25+0.14
HER Glu 13.78+£0.20 13.56+0.45  13.77+0.20
H&E® Gly 4.03£0.04 3.79+0.10  4.04+0.17
NER Ala 5.20+0.13  5.0840.15  5.23+0.14
LR Cys 0.79+£0.04° 0.80£0.07°  1.760.14%
HE MR Val 3.91+0.05 4.16£0.17  4.21+0.04
EHAMR Met 2.31+0.04 2.05£0.10  2.54+0.30
SR Tle 3.69+0.02  3.95£0.18  3.93+0.02
TEER Leu 6.45+0.09 6.78+0.28  6.87+0.16
% &R Tyr 2.82+0.03° 3.28+£0.22°  3.01+0.04°
FKINAFR Phe 3.57+0.07° 5.12£0.27°  4.87+0.29°
HE R Lys 7.68£0.10° 8.37+0.32*  8.34+0.20°
HE R His 1.70+0.02° 2.08+0.20°  1.91+0.03°
BRI Arg 5.00£0.07 6.16£0.93  5.2440.12
4R Tau 0.12+£0.01° 0.17+0.02*  0.15+0.01°
MEIERR TAA 76.75+£0.97 80.13+1.03  80.93+0.52
WS LR EAA  38.09+0.39° 42.22+41.01°  41.65+0.25
AR R R 38.66+£0.57 37.91£0.07  39.2840.29
NEAA

EAA/TAA 49.63+0.11° 52.68+0.59* 51.46+0.10°
EAA/NEAA 98.53+0.44° 111.35+2.64* 106.03+0.41"
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BT R EIIBRE K T K226 Scophthal mus meximus L&l a2 E KAk RE S A E 41 22 E 250 IR R 87

0% 2% 5 (P>0.05); PHf Hil PHe 2H 075 & LR
A 2H 2 R S Wit B BE TR i 3 = T FML 4(P<0.05),

PHf 21 /)il SR 5 B LR LU (E . e E BE R 5
FELFALR LM ST FM, PHc 4, HHEBFST
FM 2 (P<0.05), FM .PHc M35 [1] JC &} 2 22 5 (P>0.05)

23 AREKBEAMNKEHFEALRNZI
AN TR) 7K it 25 X K 22 T gy A 21 20 485 /) B4 5 ) DL

F 8. BV A W, PHE 26 A H I 90 B s B o 5
T FM 41(P<0.05), PHc 41 i 745 58 5 BE 8¢ FM 40
PHf 2 JC i 225 5(P>0.05); PHf 2H Y iz B 1t 4k 5%
R T FM A1 PHe 41(P<0.05); 3 2H 5256 11
I A b i 1 B 240 v B G J 2 25 % (P>0.05); FM
ST R0 R 1 B B TR R T At 2 4, HiR KT
PHf 41(P<0.05), PHc 415 FM . PHf 42 [H] 22 5# A .
#(P>0.05).,

® 8 AREIKMHEEBINKETL &7 IEH R R0 ( + )
Tab.8 The effects of dietary inclusion of two different protein hydrolysates on intestinal histological
structure of juvenile turbot (Mean+SD)

i H Items (um) FM

PHf PHce

Hil% Foregut
Zh R4 B = ¥ Mucosal fold height
W L Bz 4B =5 ¥ Enterocyte height
I BEJE & Intestinal wall thickness
Wi Midgut
B 48 58 5 ¥ Mucosal fold height
W I K2 41 e =5 B Enterocyte height
JBEJELFE Intestinal wall thickness

1040.99+28.52°
52.09+1.72
120.10+8.51%

710.57+13.81°
44.92+4 45
104.04+2.70%

1121.88+70.35%
54.71+1.98
112.11£2.66®

1213.35422.14°
51.79+1.27
105.32+2.95°

744.92+7.81°
46.23+3.79
101.76+3.36%

786.32420.82°
43.36+1.52
96.12+3.08°

3 it

A K ) 2 o S ORI B R R ) 2 1
fh, FE ) AR i R RO SE RS K i R
80% LA 43 T /MT 1000 Da (PHf, 91.92%; PHc,
83.97%) (£ 1), & A F & BTG 2 HE MR A S R 2 B R
F(ER 2, BARIFMIHEN., AU 3 dim i
BERZ & 2 5(P>0.05), UiHL R4 K%
AN B DR A 1 P A Silk S5(1985)WF 58 3R,
NIRRT 5 A SR 2L i ST B IR SRR o /DN KA R A
B WSO B . FEREAR . BARAS T 10 0 A A (]
T FEZE 2003), Srichanun Z£(2014)BF58 & L, /MKFI
Ui 15 B8 R % it 8 1 B K i P 23 AR AR W) i (Lates
calcarifer Bloch)Hfa (A KA RE, 7B HL R K W] B
X /IR TR R R 2 TR AfE I R 5 M il ™ e Ul AT
Ui 9 24 ik R ook L3 3 i e B T A 3 R AN
ity B i B A SRR i 2 T B TR R A A R A
MG EARKPERRREIL, 20t R, & S
K ik £ 1T DA 0 288 0 A A M i SR v DR
(Tang et al, 2008; Zheng et al, 2012; Kotzamanis et al,
2007).

A5, PHf AR E AR FREAKES FM
H 22 RAREP=0.05), HEFEST PHe 4
(P<0.05), . B ¥AS o £ 7K fifk 26 10 1) ST 6 4 D6 T 38 7K e

M4, PHe HMRRIRCE | ARSCE . EE BT
TR G 2% T HAh 2 2H(P<0.05), TEHAZK xS R 1
ZH B TEDRERI A0 o A AT 7K St 2 15 0 K M 2R 1 G A
FTESM EELHEZS, DRERER. HAR. &
TR S5 E R S R XS K A IR T oK i B
(F1, £2), HEEAREREEAR . AR, Fo®
i K R TG B 35 22 0 (R 4) o 1 WA R RV EDRER
25 5 By SRR AT RE R f0 2R K SR B R A Y A R
KR E AR 6.25 £, FEERE—F KA EE IR
Yy, REENFMDOT IR, 7ESHEYE AT
RPN B ISR A K ARSI, WK
fiff 2 2H 1 2 R R /KT 5 i K i AR 1 A RO HR 2 AR
FEAAR, PRI AT RESE MR 1 R 22 0 i A 4 1 R S AR A
Mo

Oliva-Teles SF(199NBFFE &I, f/KfE KA
A KR By A0 0 A A R DR R RS L, T ASBIFSE
TR & BRI S5 TSN K Y, oK g
AR IR A K G 2 22 5 (P>0.05), T fiE
(9 IR 2 Oliva-Teles 25 (1999) 1%} FRZH &4 68.6% (1
Bl , LA 5%, 10%F1 15% 5K it AR ks,
SIS Rl fr ok AR ZH R 46.3%, fRK AR 1 AOAE
P R T HE RS, AR BB AL ) &l 15%,
I 7K i 4 A SC B0 A Ry & AN 8%, RRAKFIW
Oliva-Teles %5 (1999)f4 fiky H 1 o
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AR 7 38 o WL S 5 0 14 i i 20 21 A8 Ak, DA B
W K i 2 X RS2 B4 £ 38 e B IS A o el
L W b R AN B R SRR VT Bl A
VAR CA O R o = =05 7 w1 X =105 N 7
Vi JELFE I B 28 v A 32 T OBARK A R e, WS K fidk 2
FI 1Y 2 20 52 56 1 i o R e i 26 R 48 B v B KT FM
¢, JfH PHf 5 FM 4125 .3 (P<0.05), ZhBi4: 5
Bt R BE TR, T WO AR R, RO SR P I
fIAE /13275 . Bonaldo %5(2006)F1 Peng %5 (2013)HF 5T
K 43 %R K 6 (Solea aegyptiaca)4fifi . K35
i 4y £ i 1 S AR S R I R I, 2 B R KV N R AR
P16 B 3B A N5, 156 BH R P 0T A R 4y £
METAZI . HEREFQOO)NTAM, HIRPIR
T 80-120 g/kg MR TG 1 K g i £ 5 PR XS A= K40 1
Jo TEAROLR 200 B A i, B B AL B KR S R s TR
LA, Ud BH T S S K A K B X RS i 1 R B
BIEHEAE . RIS | /N BT AP 4 e B 1Y)
BUBOE AR DIAROG, R, TR IS 2 252 i /N
IS I RE . BRI 4545 (2013)WF 98 £, Bl 4R IR 1Y
Hahn, 7 5 A (Cymnocypris przewal skii) 7 i S5
TN, VI B VT ARG T R e Y o f R 4
T T T AL S BE . Bonaldo Z5(2011)F5T IR &
MY AR REZEEEL AR | i 4121 A b R B,
fri H AR AERBEAM KR AFRE
Bonaldo Z#(2011)3C K45 SRAA ML, KEEHLHE KRG
TE L UGS RE AR AR SCPEAS 5 o UR K A 2 0 R SR T
4y 0 i T8 ol PB4 B S R B R R, R
PHY 41 ({2 i A FITE I b, (EL/K fige i 11 20 0% fi B DR
ANT XA, 5RO BE B A A B, R A
et — 2wt .

4 NG5
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Effects of Dietary Inclusion of Two Protein Hydrolysates on Growth
Performance and Intestinal Histological Structure of Juvenile Turbot
(Scophthalmus maximusL.)

MU Yuchao'?, LIU Xi'%, WEI Yuliang', LIANG Mengging'*", ZHENG Keke', XU Houguo'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. College of Fisheriesand Life Science, Shanghai Ocean University, Shanghai  201306;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
and Technology, Qingdao 266071)

Abstract This experiment used laboratory-made fish protein hydrolysates (PHf) and the commercial
chicken protein hydrolysate (PHc) to replace 10% total fish meal protein and designed three
isonitrogenous and isoenergetic diets: the control group (FM), PHf group (fish protein hydrolysate) and
PHc group (chicken protein hydrolysate). Juvenile turbot (Scophthalmus maximus L.) (4.16+0.01 g) were
fed with these three diets for 12 weeks to investigate the effects of different protein hydrolysates on the
growth performance and intestinal structure of juvenile turbot. Results of this study showed that the
specific growth rate, feed efficiency, protein efficiency ratio and protein retention in FM group and PHf
group had no significant difference (P>0.05), but both the two groups were significantly higher than the
PHc group (P<0.05); there was no significant difference in feeding rate in the three groups (P>0.05). PHf
and PHc had higher crude protein than FM (P<0.05), while had no significant difference in crude lipid
(P>0.05). PHf and PHc had higher essential amino acid content than FM (P<0.05). The plica height in
foregut and midgut of PHf and PHc were higher than FM, and PHf had significant difference with FM
(P<0.05), while the intestinal wall thickness of FM was higher than the other two groups, and
significantly higher than PHf (P<0.05); there was no significant difference in foregut and midgut
enterocytes height of the experimental groups (P>0.05). These results indicated that the growth response
and feed utilization of PHf was superior to PHc, which suggesting that replaced fish meal by fish protein
hydrolysates in high plant protein diets had some advantage over chicken protein hydrolysates.

Key words Chicken protein hydrolysates; Fish protein hydrolysates; Growth performance; Intestinal
structure; Scophthalmus maximus L.
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