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KFEBEEQXNKREHFAER, AL
AT AR EIN RN

FAMEY ZHERT RFFT GEE diIi’
(1. LR RFOR =SB 1 2013065 2. PEUKF=RIABEBE K050 B8 266071;
3. MBFERXKRBEKZHRAE  MWE 264006)

WE AL 6 MERERNAR, BFR A B K ATk % 4 (Scophthalmus maximus L.) 4
K ARAIR L ERARAHLA F DALV ESEMF o LIIX 2 DT, EXTE A& 0N 44%,
X BE A Ay 22%; % 4 ANSEER 41, PHISA 410 22%H &40 18%Hy K 2 & &, PH4.5A 4 %
22%Hg A 4.5%Hy KA 4 & 5, PHA.5B 4 A 17%H f 8 4.5%h K 4% f2 & &, PHI8B 41 4 0.5%
Wy oM An 18% M KA Bl ., BTR R KW, PHASA #4141 PHISB AWM KR EL E£ R
(P>0.05), 18 2% T PH4.5B 4 fn it B 4 (P<0.05), % Z (KT IE 4 4 fn PHISA #41(P<0.05);
PHISA 41 Hy# 7 & K £ B ¥ 5 T IE & 41(P<0.05), IFxtfE 4 fn PHISA H WAk 2%, & & FEK
RFEARINARETL L E £ 7(P>0.05), 24Kk £ %5 T PHISB 4 .PH4.5A 4 Fn i %t B 41(P<0.05);
B R LA AR, PHA.5B 4 A0 i o B 2 e HLFE A Ao dL R B B B B3 2 #(P>0.05), B3
& F IEt R 20 Fn PHISA 41(P<0.05). 6 MLEAH AL A LA LR LFAEXRFELFELE
B ¥ % T % 2= 7 (P>0.05), PHISA 41N ALAF 4 & W AR L & & T PHISB 41, IEXTER 4], PH4.5A 41,
i Xt B8 4141 PH4.5B 41(P<0.05), T PHI18B 41 % % & T PH4.5B 41(P<0.05). PH18A 4 f PHI18B 41
By AILA 4 5 B 351K T PH4.5B 41(P<0.05). #AR KW, ERMEME G E A H 4.5%F0 18%H) KA
A, ATURBGAEZFNARREMEGNRE, RFEXZHFHEK, H18%WKHEaEaHT
4.5%; BB, 18%MKMAZARMIREZFNNFERETRNE I, RIXZFWNANTETE
B EAR, T 4.5%M KMEa RO KETNAENBERDRMNTENEEATE ENER.
KEBIR O OAEE; KMEES; EKME; WS4

FESES S963  XEAARIRES A XEHRS  2095-9869(2019)05-0155-11

JK f# £ 85 H (Fish protein hydrolysate, FPH)J& ¥ (Liaset et al, 2008; T Hr A%, 2011), HAET, EHNIME
AR I TR BRHE — 8 A5 T K R R 3RAS B — R FTARMAERAXNRNEEARAERERZHITRET
U S A L R RO ) K B K R 22 K Y B o 5 IR KW, MR, BoKigasE DaE S m
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Eb A8 o 28 v AR A 2R DR e, R R B i R A
BRI A K AR R ] (Espe et al, 1999; Zheng
etal,2012; L& B4, 2014); {HXF T H AT 50 ILLT
He (TS S HIEZ W5 . 2 41 3h 10 SE AR 25 1
Fi LS EER S IR SVl 2L 4 i,
Horpr, B WA e 1 i LR 20 2R 3l W A A7 s B )
FEALREE , W ZK 5 R BT B, LA 4
JULPA P8 S A ALY G BAASE , RILET 2 8 3 v ASUR LT 2 2 1
SRR L SUE B S50 2 A E BRI . B A5
I8, 78— YL DY, Bl Ak oK i g JR R
% A a1 LT 2 A A AR R A s A (Silva
etal, 2017), X, sKfRaE 020 LEF4En]
REHLA B IREIEN . L, A ZdE— IRk
fiff 00 2 6T TR B S LY 2 4 4 UOY A S5 R 5
BT o

B R B b7 T fb 5% 5l 220 R B MR K
2%, AW BN G IR T K f# o 8 (A ok 32 6
(Scophthalmus maximus L.)/E K:fE . 8 F s
BEWTOURR . ARy S e e e 45 7l 52 TAE (L E R
4:02014; R EMLE, 2016; Wei et al, 2016; Xu et al,
2016; Zheng et al, 2013a), #Rifi, 7Kt W52
i) A 22 B AL IR £F 2 L SO S 250 SR ik Z 0 5% . I
I, ARSI URZESE AT S, 303 7E DR I in
NIRRT 1 7K it 0 2R 1, ARG /K A £ 3R 6 RS g
Ko ARG ANLEF g SO S5 rs2m, DU K
it #1125, 7R K22 6 50 45 DRt %) 10 HH 3 — 20 42 {1 R il
B

1 WS 7%
1.1 KEBEEEBAWH &

K i 2R B9 & LR OF 7 Bk B £ (Theragra
chalcogramma) iy J5UEl , 18 Zheng 55(2012) 1) 7 i F
AT 28 o K A f0 B B A 2R 2 M R FE TR A R 3% 1,

1.2 SCIgE

ALY R R Ty AR L KRB O 2L S
EHWE, DAEAR . KRG EA . Ik M E K E
N EEAYE AR, DA A S AR R
SEIGE 2 N XFRALL, IEXT BRA] Kk 44%, T IR
kR 22%, ¥4 KA, PHISA 418 22%F
A 18% MY /Kt 11, PH4.5A 2k 22%0 k5 Al
4.5%1 /Kt 1, PHA.5B 410 17%H9 8 Fl 4.5%
FK A, PHISB 410 0.5%A0 Al 18%AY 7K
ffta A SRR T BB SR R LR 2, S

*1 KEFEEEAMNUFEMFITERLEN (% TY )
Tab.1 The proximate chemical composition and amino acid
composition of fish protein hydrolysate (% Dry matter)

S HHS b KA 7
Analysis index Fish protein hydrolysate
Ab242H 1Y, Chemical composition
FLE 1 Crude protein 82.20
HLAE W Crude lipid 0.36
HFHFR Amino acid
Wi E IR EAA

IR 2R Thr 3.90
HEIR Val 4.57
EE R Met 2.78
LR e 3.90
SEA R Leu 6.83
N2 B2 Phe 4.29
AR Lys 8.14
&R Arg 6.30
21 2R His 1.53
T EILFR NEAA

4R Tau 0.83
RAHR Asp 9.26
2 Z R Ser 3.92
HAER Glu 15.40
H& R Gly 5.95
&R Ala 5.35
LB AR Cys 0.59
W% &R Tyr 2.58
Jili &R Pro 2.73
T B AER EAA 42.24
JET = FEHE NEAA 46.61

BH Z IR A I 3.

BSE, RTA EDRECRDE S L 80 HIOHIN, AR
Jev  RRAE S50 E 5K JEURHEE & 249 5 ) il 4 55 S 55 B
ARURLARDRL, TEHLAR N SOCHET, FFRTE-20°CHe &
o

13 ZRERFEEE

ARSI LAWK T R (11.98+0.03) g (I KZEHE
TFEXF G, T 2017 4F 8~10 AFE LA G FF K& X KR
KA B FIHEAT ] 56 d AOFRAESEE . SEE TR
A, AT 14 d RRFFRICE, il f RIS N 3R AE I
B, SR)G, XTREESEL LK 24 h, BEBUEREAG TGS
fR R ZE P4t BEHLAT O3 18 Ml (6 ML BE, 3 4>
W), B 25 e fh FRAE W], K 5L(07:30)H(16:30)
PN T e,
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Tab.2 Formulation and proximate chemical composition of experimental diets (% Dry matter)

JEORHH B Ingredients (%) .q—:xﬂﬁ PH4.5A  PH4.5B PHI8A PH18B ’p’;xﬂﬁ
Positive control Negative control

168} Fish meal 44.00 22.00 17.00 22.00 0.50 22.00
1£4 K1 Peanut meal 6.00 11.00 12.00 6.00 12.00 12.00
K45 1 Soybean protein concentrate 9.00 14.00 15.00 9.00 15.00 15.00
Wik Wheat gluten 4.00 8.00 10.00 4.00 10.00 10.00
T k%A Corn protein 6.00 10.00 12.00 6.00 12.00 12.00
JK fi## 125 (1 Fish protein hydrolysate 0.00 4.50 4.50 18.00 18.00 0.00
/NZZH) Wheat meal 19.00 17.10 15.80 21.50 17.20 15.60
fa 7 Fish oil 3.50 4.90 5.20 5.00 6.80 4.90
5.3 Soybean oil 2.50 2.50 2.50 2.50 2.50 2.50
YI#ENE Soybean lecithin 1.50 1.50 1.50 1.50 1.50 1.50
¥ FUIR A% Mineral premix’ 1.00 1.00 1.00 1.00 1.00 1.00
#Ae i IR A Y Vitamin premix? 0.50 0.50 0.50 0.50 0.50 0.50
Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
FALAAHK Choline chloride 1.00 1.00 1.00 1.00 1.00 1.00
#iA=F C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
it Total 100.00 100.00 100.00 100.00 100.00 100.00
H I R Proximate composition (%)

T¥) i Dry matter 94.52 93.52 93.52 93.79 93.49 92.92
K4y Ash 10.86 9.05 8.18 9.76 7.38 8.40
M H Crude protein 51.09 50.58 50.79 50.55 50.50 50.62
FLIE T Crude lipid 11.01 10.95 10.72 10.86 11.06 10.14

H: 1 TR S (mg/ke kL. SALEN, 2mg; BUEET, 0.8 mg; FAkEL, 50 mg; BB, 10 mg; HiEREL, 80 mg;
WEREE, 50 mg; BRAREE, 1200 mg; WEMR %5, 3000 mg; FMLEA, 100 mg; WAk, 5.51¢g; 2: 44 RIES YW (mg/kg
R : BRMEE, 25 mg; BIRE, 45 mg; ML EE, 20 mg; 4E4EF By, 0.1 mg; 4E4EFE K;, 10 mg; JLEE, 800 mg;
2, 60 mg; MRZ, 200 mg; M2, 20 mg; AWE, 1.20mg; HAE A, 32mg; 4EED, 5mg; 4EEE, 120 mg;

WK 3.67¢

Note: 1: Mineral premix (mg/kg) diet: NaF 2 mg; KI 0.8 mg; CoCl,-6H,0 50 mg; CuSO,4-5H,0 10 mg; FeSO,4 7H,0 80 g;
ZnSO4 7H,0 50 mg; MnSO4-4H,0 1200 mg; Ca(H,PO,),-2H,0 3000 g; NaCl 100 g; Mordenzeo 5.51 g; 2: Vitamin premix
(mg/kg): thiamine 25 mg; riboflavin 45 mg; pyridoxine 20 mg; vitamin B;, 0.1 mg; menadione 10 mg; inositol 800 mg;
pantothenate 60 mg; tocopherol acetate 200 mg; folic acid 20 mg; biotin 1.20 mg; vitamin A 32 mg; vitamin D 5 mg; vitamin E 120 mg;

wheat flour 3.67 g

SEEG SR AT . FARBUR 150 L (Y RIATE 5%
FEAR s RAGRIFEK, WEh 5 L/min, HEZERA,
BT 7 mg/L, WKFREEBE; SR ALROLHE, K
A 13°C~16°C; ERBEH 32, pH N 7.5~8.0,

14 HFEmERERENERNE

141 #HRRE  SLEITAES, BEYLIR 20 RBEE
HIG T RESE, RAFF-20C, TRk
ST SEEREE AT, A58 24 h, FRECERAR A B E R,
sk B A RE, MTIFEMAERTEIR. A5,
TR 3 RBRZESE, HUOS AR E IR, 558K
2 f, 1 ARH A Davison [&E W H 2 A7, FHFHL

WAL a0, 1 MARAF#EE, F-80C
TERAE, TR RR AN E . 5, M s B
&fh, T20CukFRAE, HT Akl air.

1.4.2 FHE AL IR e o T 4 A1 R T
105 CHETZEEE, R HPLKERIE(VELP, UDK142
automatic distillation unit, = KF)IMEHLE AR & & ;
SR FH 2% EC A 2 325 D 2 HEL A J 5 2 (FOSS g i il 7 4%
SOXTEC 2050, %), SRHVKEEME K3 &,
FRTE E R 16 h (550°C), MEEERE. LA KoK
it £0 2 [ B SRR S A R R AL A AL B 1 S AT
ZEHE SRJFAE 110°C F FH 6 mol/L %) HC1 7K fi# 22~24 h;
I T el v i 5 S SR I TR B, SR 8 %l =S L
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AR, ABE 3 min, HAPE 15 min, 12000 r/min 5.0 H37 L-8900 FUZFERR /T {X (Hitachi L-8900 automatic
15 min, HPAISERUE, FrA 2 B M A iR 25 % amino acid analyzer, Hitachi, H A)fllf5,

3 IR R EBER (% TR

Tab.3 The amino acid composition of experimental diets (% Dry matter)

STELR A 7 %} HR
%%@& ,iﬁ““ PH4.5A PH4.5B PHI8A PHI18B ),‘ XA
Amino acid Positive control Negative control

AA FAA AA FAA AA FAA AA FAA AA FAA AA FAA

Wi I EAA

IR R Thr 1.63  0.040 135 0.145 155 0.080 133 0213 129 0208 151  0.031
AR Val 247  0.048 225 0.196 244  0.107 201 0286 2.10 0.281 238  0.037
HAMR Met 0.98 0.022 077 0.190 0.76 0.079 0.73 0293 0.76 0277 0.74  0.015
S AR lle 1.94  0.030 1.88 0.124 190 0.064 156 0.183 1.67 0.177 1.88  0.022
SERTR Leu 3.75  0.067 3.80 0320 4.08 0174 3.02 0476 3.65 0471 4.00  0.057
ZENE MR Phe 233 0102 257 0512 264 0270 2.88 0802 3.38 0.788 278  0.088
AR Lys 233 0.070 210 0238 1.83 0147 222 0331 1.86 0317 175  0.053
HAMR His 1.04 0269 0.98 0209 0.97 0140 0.80 0247 0.77 0.120 0.93  0.142
&R Arg 3.76  0.110 4.02 038 390 0222 329 0567 352 0569 3.77  0.101
TR AR NEAA

4R Tau 0.36 0.280 030 0244 025 0.163 033 0298 020 0.170 0.25  0.150
KA Asp 3.65 0.039 331 009 3.63 0.068 3.64 0.131 295 0.130 3.50  0.036
2 Z IR Ser 172 0.030 1.68 0.091 197 0.055 149 0131 1.74 0.128 190  0.025
BRI Glu 8.75 0.088 9.83  0.197 11.24  0.139 933 0262 971 0253 10.87  0.081
HZA Gly 212 0.034 194 0078 190 0.046 178 0116 1.76  0.106 1.83  0.025
R Ala 416 0.099 339 0179 336 0.119 298 0238 299 0216 329 0.074
AR Cys 0.65 0.016 081 0075 0.75 0.038 0.56 0.113 040 0.114 035 0014
s Z R Tyr 1.52 0.031 1.85 0.116 1.87 0.070 223 0.178 242 0.178 1.88  0.025
&2 Pro 222 0.033 270 0.064 284  0.043 2.13  0.079 2.70 0.077 290  0.036
BAEMR TAA 4535  1.333 4555  3.237 47.88  1.892 4230  4.637 43.89 4281 46.51  0.941
RSN EAA 2021  0.717 1974  2.170 20.06  1.200 17.85  3.187 19.01  2.998 19.73  0.509
LT REIR NEAA 2513 0.615 25.81 1.067 27.82  0.692 2445 1451 2488 1283 2678  0.432
EAA/TAA(%) 44.57 53.839 4334 67.048 41.90 63.403 42.19 68.715 4331 70.029 42.42 54.072
EAA/NEAA(%) 80.40 116.635 76.49 203.472 72.10 173.245 72.99 219.645 76.41 233.652 73.67 117.734

T AA: ZHEMR; TAA: BZEIEMR; FAA: W EIER; EAA: LHEAKM; NEAA: JELFHEIEMR. T
Note: AA: Amino acid; TAA: Total amino acid; FAA: Free amino acid; EAA: Essential amino acid; NEAA: Non-essential
amino acid. The same as below

T —— RIS 1507 1385 L 0 00 4
TR 2 B 0/ IMED) , JFRRAR I A 4
151 mHpAsond  AUARAIEI HE B im0 25w P i) i RILIA P AERER TR
o, AMEME AT RV R, R e HK, BT 104 £545 F REHLEBCORET , AA b FR
AR KA S MDD T BURBEY) A (S 6 ) 3 4o 494704 M 6 4 BUBF , 411R 1 Photoshop
152 FAEMAGRAERGAT AT gepplihi A 0,088 mm’ WALKETAE M, TR
XY ULF e B R B BE TS 0T . T 1 o LSRR A, EEDIL LA
10x20 1555 FAAME, WICOLET e MR ITRA . 454 b .
AT, G TAER 6 KN, i Photoshop -0 MR SEITE
AP AL b SR LT e K G 451 T S 6 L WU (Survival rate, SR.%)=100x5% B4 o B
STAEREIR AL P R ) (T 2 BB B fRRUSER IR A i R A
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T 5E M K % (Specific growth rate, SGR, %/d)=
100 [In(ZA AR - In(#] b 14 )]/ 52 50 K AL

BB % (Feed intake, FI, %/d)=100x%F & A B )
Tk T Jo L/ (ST 6 45 A £ A i+ S 5 s B A R
H)/2xFRIH S KA

TR B3 % (Feed efficiency, FE)=(Z&AKAKE-H)1H
TR EE )/ fo B B i DR T T

34 1 K (Weight gain rate, WGR, %)=100x (&K K
) U A )] R

FE M B8 (Protein efficiency ratio, PER)=(4K
R E—R IR )/ B A

UL (Protein productive value, PPV, %)=
100 x [(SZE 2t (R HE 11 % - SE I ) (R 2 1 3% )/
EHBAR]

BT A S 50 B8 34 F T Y (B A7 1 1R (Mean+SE) %
R, KUdE SR SPSS 17.0 #EAT BN & U7 22 40 B
(One-way ANOVA), 2= 573 It 2 (P<0.05))5 , #17T Tukey
Z 1 H 8 (Tukey’s multiple comparison tests),

R4 KBREEOXNKREFERKMEARF AR

2 XWHER

21 KXREFZAXAESTEKERERFRF AR

AN ) e Ak B X A 22 A e R Ak AR )
W 4, 6 MNALFRL I AFIE R I TC B 3 2% 55 (P>0.05).
SIEXT AL, BR PHISA 44 A KR i &
T 1FE %F A 4H #M(P<0.05), PH4.5A 4. PH4.5B 4HFil
PHI18B 41 i I T 1E XT R4 (P<0.05), TRIRISECR | &
F BT TR 2 AR [ BRI AR b 340 5 R e A K A
15 AR ER PHISA 201 PHI8B 415 1F X} R 4H T it

SANP>0.05), PH4.5A 411 PH4.5B 4 i £ K
i 2 T OF X IR 41 (P<0.05) . 5 % FR 4 AH 1
PH4.5A 41, PH4.5B 4. PHI18A 41H1 PH18B ZH 14 E
KR E T X I (P<0.05); TR, HER
BRI B A BT R R AR Al 5 5 R A ROR AR ; 4%
HTE PHA.5B 4110 2 T 516 R4 (P<0.05), PH4.5A
ZH R R 5 700 R4 T i35 25 57 (P>0.05), PHI8A 4]
1 PHI8B £H f45E £ 5 51K T 67 % R 41(P<0.05)

% (P-4 fEL AR ER)

Tab.4 The effects of fish protein hydrolysate on the growth and feed utilization of turbot (Mean+SE)

T H Ttems ,E,X'T‘Hﬁ PH4.5A PH4.5B PHISA PH18B ﬁmg
Positive control Negative control

WIER AT Initial body weight(g) 11.9840.03  11.98+£0.03 11.98+0.03  11.98+0.03 11.98+0.03  11.98+0.03
FE1% % Survival rate (%) 100.00 100.00 97.33+2.67 96.67+3.06  98.67+1.33 100.00
FEE A K% Special growth rate(%/d) 2.26+0.03¢  1.69+0.09° 1.09+0.03°  2.51+0.01°  1.88+0.02°  0.83+0.04°
R Weight gain rate(%) 255.0446.08° 158.76+13.70° 83.95+3.03% 307.88+3.64% 186.68+3.20° 59.04+3.88°
TR B R Feed efficiency ratio 1.26+0.02¢  0.74+0.04°  0.41£0.00°  1.28+0.03%  1.03+0.02°  0.42+0.03"
&% Feed intake(%/d) 1.594£0.03*  2.13£0.02° 2.52+0.07°  1.65£0.03* 1.67+0.03*  1.96+0.05"
& H BACR Protein efficiency ratio 2.46+0.04°  1.46£0.08° 0.82+0.01*°  2.54+0.01¢ 2.04£0.05°  0.82+0.05°
T BT Protein productive value(%)  35.89+0.71¢  20.48+1.52° 10.5£0.48"  37.05+0.43% 29.33+1.04°  9.17+0.59°

T AT R LA AR 5 B R A A7 A 35 22 5 (P<0.05) . T [A]

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

22 KpeaEAXNEEEENK U SEREMD
E}ul‘-]

AN [R) Ak A RO KSR AR e L3R 5. 5
EXTHRAA L, B PH4.SB A ER S BB EINT
TEXT HE2H AN (P<0.05), PH4.5A #H . PHI18A 41l PH18B
H B LR (5 IR X B2 T B 35 22 5 (P>0.05),  HLAG Wi
A E A A ; B PH18A ZHA1 PH18B 4111
KA e 5 IE X B AL TG B 35 25 S AN(P>0.05), PH4.5B
201 PHA.SA 417K A3 i ik 2 5 T 1EXT BRZH(P<0.05),
KA i AR H SR AL . 5 O IRALAR L, BR
PH4.5B 21 Fl X AT ARLAR 191 25 5 A8 1 35 A1 (P>0.05),

PH4.5A 2 .PHI18A #Hf PHI8B 4l 1 B & T
% IR ZH (P<0.05); & PHISA 41 fHLIE T i3 & T
X R 2H 4N (P<0.05), PH4.5A #1. PH4.5B 41 il PH18B
A FRRLAG I 2 5 O BR AL E 3 22 5 (P>0.05) 5 BR
PH4.5A 4. PH4.5B 217K 53 Fl ) B 41 TG 8 25 4h
(P>0.05), PHISA Z1FI PHISB 47K />3 & i F 1%
T B (P<0.05), JK 43 & AR Akl #4557k 43 AR L
TK e fh1 B 0T DR 32 G JUL PR R L o 1 5 i D
+ 6. 6 MO Z A B FER 5 T 22 (P>
0.05); Wity Z IR BB 0 b 35 25 5:(P>0.05), {HAHZ
FR7E PH4.5A 4HAY & 1 0 %5 T PHISA 41 . PH18B 4.,
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TEF FRZH 7 % BR 20 (P<0.05), AF Wb KR A G
I E 22 5(P>0.05), (B4R 7E PH1SB 4111 & i i 11K
(P<0.05), NZPRTE PH4.5A 4
B i &K T PH4.5B 4. PHISA 4. PHISB 4.

F PH4.5B 2H A7 X} B2

x5

1EXTIRZH

F T BE4H(P<0.05),

LW AE PHA.SA 4 .

PH4.5B £ . PHI8A £ . IEXTHEZHFn6 % B AH il & /38
AAE B35 25 57(P<0.05), H & BRI O IE X HE 4
PH4.5A 4. PHI8A 41, faXtHRZ1A1 PH4.5B 41,

K1 & 2 B X K E SRR A 53 B R 0 (7 3 (AR 1 R)

Tab.5 The effects of fish protein hydrolysate on body composition of turbot (Mean+SE)

1E X iR

1%} 1R

T [ Ttems o PH4.5A PH4.5B PHISA PHI8B _
Positive control Negative control
FLAE T Crude lipid (%) 4.01+0.32° 2.88+0.22"  2.17+0.13° 4.03£0.33°  3.59+0.34% 2.3640.13%
M Crude protein (%)  14.33+£0.20°  13.87+0.22°°  13.33£0.21%™°  14.37£0.10°  14.14+0.23%  12.77+0.10°
7K 43 Moisture (%) 77.46+0.36°  79.00+0.29%  79.85+0.12°  77.50+0.38"  78.52+0.45"°  80.03+0.05°
K4y Ash (%) 3.36x0.07°  3.61+0.11° 4.16+0.04° 3.38+0.07°  3.20+0.07° 4.3240.04°

R6 KEEFAWNKELEANASERARNZECEERER) (%o T 9 )
Tab.6 The effects of fish protein hydrolysate on amino acid composition of turbot muscle (Mean+SE) (%o Dry matter)
5%@ .Exﬂﬁ PH4.5A PH4.5B PH18A PH18B ﬁ,\'xﬁﬁ
Amino acid Positive control Negative control
Wi E IR EAA
7% 8. Thr 34.39+2.02 39.95+2.03 33.65+4.40 35.36+2.51 37.00£2.75 35.51+2.81
HER Val 42.79+3.08 52.82+1.97 37.84+3.86 39.27+2.83 41.88+2.84 39.62+2.96
ERMR Met 21.17£1.79 30.87+2.60 19.53+£2.31 21.07+2.01 20.20+2.30 20.31£2.76
SREER e 36.98+2.01 45.07+1.85 37.20+3.96 38.03+2.65 39.08+2.28 36.58+2.81
TLRE IR Leu 70.00+3.97 78.95+3.24 64.65+4.75 65.08+4.30 67.63+3.83 63.67+4.93
AN Phe 41.93+3.05 50.41+4.48 49.40+2.83 42.19+4.86 45.27+3.19 39.2242.30
iR Lys 70.65+1.63 79.84+2 .46 78.10+5.18 77.20+4.88 77.73£3.78 73.10£5.52
MR His 16.42+2.04 17.83+0.24 16.59+1.68 17.18+1.21 16.92+1.06 15.58+1.32
WA Arg 43.09+3.02° 86.04+4.06° 74.5242.32%  58.82+0.34®°  51.70+3.52° 49.60+4.09°
ENTHEEAILIR NEAA
4R BR Tau 6.40+0.93% 7.33+0.27°°  10.23+1.33° 6.38+0.98% 5.53+0.67° 9.960.46°
KEHER Asp 81.92+1.35 84.89+3.29 72.25+6.63 80.55+5.72 83.89+6.93 80.47+6.56
2 H R Ser 30.23+5.18 35.43+1.99 29.82+3.79 31.44+2.20 32.1142.49 31.76+2.54
BEFR Glu 131.29+0.73  132.82+1.04  141.68+6.27  132.25+8.88  136.30+10.03  131.86+10.34
H% R Gly 40.17+5.13 50.42+3.11 41.18+3.26 42.67+£2.26 40.16+2.93 43.47£3.85
HE R Ala 43.10+5.13° 79.5542.49°  48.88+4.40°  49.74+2.80° 51.5543.17°  49.93+3.71°
LR Cys 9.68+0.28° 8.58+0.20¢ 3.73+0.19° 6.31+£0.09° 5.71+0.30 5.00+0.18°
& &R Tyr 26.91+3.93 34.11x1.28 35.90+1.43 32.45+2.38 33.81£0.49 31.34+1.67
&2 Pro 28.08+2.92 31.94+0.82 27.77+£2.35 30.02+1.61 29.93+1.74 31.28+2.12

BEER TAA
W RIETR EAA
BT EIEIR NEAA

775.21£74.51
377.42+50.93
397.79+£24.28

946.88+25.35
481.79+13.79
465.08+11.71

822.94+59.07
411.48+30.42
411.46+28.87

806.01+£46.35
394.20+21.83
411.814£25.25

816.39+47.40
397.42+19.46
418.97+28.05

788.25+60.02
373.19£29.30
415.07+30.73

2.3 KEEEAXNKEHATHEAARSELRIZIT

K i 0 R 6 RS2 B ILET 4R 2 SUR S S5 K 1 52 )
LR 7. ANRILEEEH 10x4 £5 1 10x20 f5 22 AR T
K O LET e i D) 7 IR DL 1 X RGEEEAILA
YR TER, PHISA A4 KRB Em T
PH4.5B Z1(P<0.05), 6 ~AbHA] il fILEF 4k 120 i 35 25

5(P>0.05), X TRZZGFLALF AERI BRI, PH18A
AR EET PHISB 41, IEXTHRA] . PH4.5A 4, xR
ZH 1 PH4.5B 2H(P<0.05), Ifii PH18B #H .35 % T° PH4.5B
2 (P<0.05), FIEXTIRA] . PH4.5A 2H . X Bi2H G 3%
2 5(P>0.05) X T REEGFHLNLF 4%, PHA.SB 415
5 T PHISA 411 PHI8B 41 (P<0.05), {H 5 1IEXF a4 |
U RERZH RN PHA.SA 4G I 3 25 5(P>0.05).
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Tab.7 The effects of fish protein hydrolysate on morphological structure of muscle fiber of turbot(Mean+SE)

i HR i HR
T H Ttems X PH4.5A PH4.5B PHISA PHISB BT H
Positive control Negative control
L 42,
KA Long 88.46£7.66  74.64:7.12°  70.87£5.33"  107.23:10.77°  90.49+5.85  78.73:6.40%
diameter(pm)
Iy
Eﬁl Short 57.19+4.01 58.20+8.61 51.86+3.63 66.87+3.08 62.19+7.45 54.10+4.41
diameter(pm)

| -
*ﬁﬁﬁi\ Cross 3726.99+146.63™ 3621.52+164.02" 2917.14+417.68" 5822.84+160.72° 4441.25+255.05" 3244.97+416.54™
sectional area(um?)

grg 459.5449.10%°  483.85+47.99%°  619.56+59.04° 417.38+51.53" 428.61+23.76"  560.54+18.68"
Density(n/mm?)

iR

B1 o Oea e T RS SF LA B 7rs 91 141

Fig.1 Cross section of turbot muscle fibers under an optical microscope

D: PHISA #(10x4); E: PHISB £H(10x 4); F: TaxfHEZH (10 x 4)
a: IEXTARZ1(10%x20); b: PH4.5A Z41(10x20); c: PH4.5B Z(10 x 20);
d: PHI8A #(10x20); e: PHISB 41(10x20); f: fHiXfIRZH (10 x 20)

A: Positive control group(10x4); B: PH4.5A group(10x4); C: PH4.5B group(10x4);
D: PH18A group(10x4); E: PH18B group(10x4); F: Negative control group(10x4)
a: Positive control group(10%20); b: PH4.5A group(10x20); c: PH4.5B group(10x20);
d: PH18A group(10x20); e: PH18B group(10x20); f: Negative control group(10x20)

A: IEXTHRZ1(10x4); B: PH4.5A 41(10x4); C: PH4.5B 41(10 x 4);
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3.1 kfffaE AR A SR A K AL R AIRIR R 20

TE Z I 7K At 058 1 R W R 22 B A K PR RE R F 5T
ERB, KoK s R, AR TR b

He A T R KT A d S A R SR BE A K (Wi et al,

2016; Xu et al, 2016), {HZ, TEFE A A AR &K F
ORI Sl R I e ) 2 £ i RE R R N N
18% M /K fif A 2R 1, AU RN 4.5% 1) 7K fiff £ 8 1 7
TN b, AR R ORVRDR R B e & o SR, %A
SETEGRE R AP ARG B0 HEAT Y, B kL
KA A0 B KRR EE X BR 2, AR Y T R g
BRTAE P IRGEEA, B, AR
FH A48 2 AT DL Sy 3 02 R 33 B X K i £ 2 11 1) )
A TIRAHEWEN, A —E & m KK i
fRaE T REESE AR, I, it — iR 5E K i £ 2K
P R 2 6 AE R 09 /R R, ARSEgs it 1 ok A 7]
S, &3t 4.5%H1 18%AY 7K fi# 6 75 FH s In AR R
H % 4.5% 1 18% K fift fa 8 1 R AR [R) 2 14 1) fa
2 FE DUIF R 9T . 45 R B, TR S A R (22%
FMD I SAET TN 4.5% 0 7K i #5511 1Y PH4.5A
2H . 18% KA fa R Y PHISA ZH FIAR TR INK fift fa 75
F ) % R A R 38 B 174 A K B ARk R AT X6 B
3 QA K FEDELF AR U R PH18A 2H>PH4.5A 4>
BT B HLYS 7= A 2 22 52, X S AT BA g ok & e )
TEAH R R S5 0E R, AN I fige £ B O K32 A K 1)
WFTEEs RAL . FEK iR AR ER A  AR a,
BIFEfE Ry A 22% A9 Gkt BE AL, FH 4.5%F0 18%H%7K
il A8 1123 AR 5% 21.5% 4 45 75 (1 £4 %) PH4.5B
ZHAH PHISB 41, Bix 2 gAY A Kas 58 X meF 5
XTI TR e, 25 R, PH4.5B 411 PH1SB
2 B A K R AEDRER] AR EE S BR A B R L TR
BE, TEAN N 44%B9IEXT A, TR fa 8 (AR
2% fk PHISA 4, AL SE, xit—%
P 18%F1 4.5%AY /K fifk £0. 3K 1 X R SE B A= 4 | ]
R AT RE EA W R UEE R . Bbah, ASLgHok
fift R AN 18% R B &M i Z AT A N (1)
12% 15 7K SF- 7K e £ 28 1 4 A 0 ) R 22 6 A K A R
i, (R AN & B RS2 B A K L A A B
B RIAE o X — 45 RAME S Z B 7E KEE 61 5%
45 A I (Wei et al, 2016; Xu et al, 2016), 1fif AL 57
¥ (Paralichthys olivaceus) (Zheng et al, 2012; Zheng
et al, 2013b; PFHI#EEE, 2012). K PH 6 11 (Gadus
morhua)(Aksnes et al, 2006a; Bakke et al, 2010) . 4T fi§
(Oncorhynchus mykiss) (Aksnes et al, 2006b), K PH ¥

ft£(Salmo salar) (Espe et al, 2012; Hevroy et al, 2005;
Refstieet al, 2004; Kousoulaki et al, 2009). Z=# i1
(Rachycentron canadum) (Mach et al, 2011)% A&
02 B S5 A R o R 7KK S 2 BT A4
W EM R AR AR, H R R K aE Ay
A7 R U B B TR, ok i B S BE R A I 1 Y W
FIH B S8 BE AR, XA RO R 2 R
MForfdtfibag s, MA A FEAREG, Mk
G T PRV A 2 X B e KT K i £ R e R AR
J B W Wi RN ) FH (Espe et al, 1999; Hevroy et al,
2005), {HZ, X FREEHE, Peres 4F(2005)HkiH, 1
BERAR I 13.8% Y b AR 2R, AH LG T 7S in 1 £28
A, REHFHERKMERMHAY TR EES, XRH
REZBE AT DA A2 555 1Y A AR 2 LR o T Wei 45(2016)
TEXT HC AR I i A4 2 5 152 s K K i B R AR K
ZEILJE A, 1R KT K A fa B A R R EE BE A K D
R, AT RETTAS 35282 PR A K il £ 2R 1 3 s L
TS R . U, F T A S50 i FH /K ik £ 2 1 )
EJ 5 Z AT 42— (Xu et al, 2016), MiARSLEK
B 18% Y K fiff R AT R i 2R AR G, — T v
RS2 K32 WA B XK i 0 2 1 b i il AR R B A
BORMIENBE ST s Sy — 7T, 2 RSEER T A K2R 6T
ATREPR A SRS, AR SR 22 5%, T 18% A 7K Ak
1088 AT REATY SR 2 A S0 BT FH R 22 8 03 B & kT
AT EMRAER . I, $2F R G o
IR 7K fife 1 2R SR — I .

32 KBEEAXNKEIMKAM AN ETRHEM

5% M

MBRTEBWATRNFMT, WA ariE s,
NIRRT A NG I . B ORI (R 3 28I REY I, T
2RI e SRR R RO AR B, HOR I RE SR (A R
(Stirling, 1976; Kutty, 1978), Fifi#5 fffR K FEN GE
Y, JKAAEXT E I N (Love, 1970), HHRZEHE
A o3 AH S B 2 4 M vl AT, X PHISB 41 \PH4.5B
5 BRZH, LA U RDHELRS 15 0 28 Tl 3 v v B4R
5 PH18B 41, PH4.5B 41 5t %t fE2H , JKfiff 2k 11 42
[ T RZE BT ORLAR I FURL 8 i & i, R T K38
0 A K o X FEIE X IR ZH 5 PHISA 4 iR 4] sl
TEARAE A AR, 18% MY /K A A1 5 P A2 33E K35
A, FIAR AR KGR TR AL A3, X R 18% 11 7K fif
7R AT 22% 803 AN {E 0 K 38 6 A K 7= A 1 AR A
AIVE FZSCSR it ELASSE R £ R A 7 SR 4 R o

ARIFEXT LA 18 MR LR KB, TR
LR b BRRS ER , AR T E R P R A R L TN AR
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PR A W 25 A, HA IR Loy | SR
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TR fif £ 85 A Ak B2 R 5 R 0 R R R 4y 2 Sk
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33 KEEEAXMKEHATEAARSEEIRZIN

WLIA & sh P (R AR ZE R 2 20, WLIRAR H5 HL g A AN
[, TRAAr R L, SF i URIBE S, REEEFAE S —
Fhgvpr s, AR ERME, Hit, HEEgl
) ULET 2 kg A VR S 56 A AF 5 B A o JULT 2 K v
RN A LI SN EE S, BRI AZ
oy i X AL 2T 2 A A T AR ) R /N EE 225 I (Johnston
et al, 2000a, 2000b, 2003), KIZHL/E K EAGE KM
Ay, Eaisl, Fi, EARSEY, kS R
R M LR AT A R AR — A R E I E . K
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The Effects of Fish Protein Hydrolysate on the Growth, Body Composition
and Morphological Structure of Muscle Fiber of Turbot
(Scophthalmus maximusL.)

LI Benxiang'?, WEI Yuliang’, LIANG Mengging>”, XU Houguo®, QU Jiangbo’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 3. Yantai Tianyuan Aquatic Product Co., Ltd. Yantai 264006)

Abstract This experiment was to investigate the effects of fish protein hydrolysate on growth, feed
utilization, body composition, and morphological structure of muscle fibers in turbot (Scophthalmus
maximus L.). Six isonitrogenous and isolipidic diets were formulated and fed to fish. The experimental
diets contained two control groups with no fish protein hydrolysate, positive control group including 44%
fish meal, negative control group including 22% fish meal. Four experimental groups with different levels
of fish protein hydrolysate and fish meal, PH4.5A group contained 22% fish meal and 4.5% fish protein
hydrolysate, PH4.5B group contained 17% fish meal and 4.5% fish protein hydrolysate, PHI8A group
contained 22% fish meal and 18% fish protein hydrolysate, and PH18B group contained 0.5% fish meal
and 18% fish protein hydrolysate. The results showed that there were no significant differences in the
weight gain rate and specific growth rate between PH4.5A and PH18B groups (P>0.05), while PH4.5A
group and PH18B group were significantly higher than that of PH4.5B group and negative control group
(P<0.05) and significantly lower than that of PH18A and positive control groups (P<0.05). There were no
significant differences in the feed efficiency, protein efficiency and protein retention efficiency between
PH18A and positive control groups (P>0.05), while PH18A and positive control groups were significantly
higher than that of PH18B, PH4.5A and negative control group (P<0.05). Contrary to feed efficiency,
there were no significant differences in the feed intake among PH18A , PH18B and positive control groups
(P>0.05), while these groups were significantly lower than that of PH4.5A, PH4.5B and negative control
groups (P<0.05). There were no differences in the contents of crude protein and crude lipid between
PH4.5B and negative control groups (P>0.05), while these groups were significantly lower than that of
PH18A and positive control groups (P<0.05). There were no significant differences in total amino acids,
essential amino acids and non-essential amino acids in the muscles among six groups (P>0.05). The
muscle fiber cross-sectional area in PH18A group was significantly higher than that of PH18B, positive
control, PH4.5A, negative control, PH4.5B groups (P<0.05), and PH18B group was significantly higher
than PH4.5B group (P<0.05). The muscle fiber density of PH18A group and PH18B group was
significantly lower than that of PH4.5B group (P<0.05). The above results show that both 18% and 4.5%
fish protein hydrolysate added to high plant protein feeds can promote the growth of turbot and increase
the feed efficiency and protein deposition rate of turbot, and growth and feed utilization in fish given 18%
fish protein hydrolysate diet showed better than that of fish given 4.5% fish protein hydrolysate diets. For
the morphological structure of muscle fiber, 18% fish protein hydrolysate in diets can increase the
cross-sectional area of muscle fiber and reduce the muscle fiber density, while 4.5% of the fish protein
hydrolysate did not affect significantly the cross-sectional area of the muscle fiber and the fiber density.
Key words Turbot; Fish protein hydrolysate; Growth performance; Muscle fiber
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