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TR P I 7 e B TR A 2 52 i) L SR AN (B RN 1R, A
T 5 Wi £2. 1) 5 3 (Hillestad et al, 1994; #2uL4E 2007;
50 4E, 2013; #HJGEASE, 2011; FMEGMEESE, 2015).
I, BIFSE AnAnT 88 I R 3 10 2 8 R W DR . 28 R 24 11
KPP FRFE — YRS o R RARFRR S B 5%
BT, 38k IG5 0 208 SR MR 1Y 5 A2 B B TSR AE
PORASE B Z 02y, Nk, SGEERECTT . R
BLE IR A R VR 75 5 SRR T TR AR AR i 42

ALY 5 Z A ST TAE &I, DMILE /N e fa sl
AT AN T R R R DOk, 38 i 8 K IS S
FK gt 1, ANMEEAH AL 284 K 1R
JH(Aksnes et al, 2006; Kotzamanis et al, 2007), 1fj H.{E
e AR AR R (A EL A Y AR R B TR Y
TER BB E4E, 2011, LHE R4, 2014; 2 EHAE,
2016). Xu %5(2016)%} K32 B (Scophthalmus maximus)
M IFSE R B, R 15%5 8 By A9 2 R R
DKt R AURDEL D 7%E08 14% 09 fky
REREA A8 Rkt fA | P9 e S i v A B 7 5 & o i HL,
e AEL ) A P R A oK £ 28 1 R AT S A A s
TURR Y B0 5 76 W 7L 30 1 B HC Al #0288 g A 50 b A 28
I BL . Espe 55(2012)%) K Pt (Salmo salar)
GERW, T8 S A A8 DR R K ik £ 8 1 RE A
R VG e RIS AR AR T & 12 TEMFLh P, Liaset
Z5(2009) 8 A B K fife 01 25 1 HAG LY B AR 107 TR
IFEH

BT UL EOFE SR, ARSE Bt i) B A2 76 F
KA A0 B A ST 485 SR R 6 R L, kSR At 2R AT )
KAt AR (R K A 12 T L 7K il SR B R K i 1
BEE D AE =AY & AR P A R R A A
R AT E A B 1D DR R AR FH o DT — T THI Syl ) 3 R 2
AR A NG D DR PR HBr i L, Dy — T e
AR 2 1A oo (A0 R P Gl ok 28 11 6 3 T R AR A
W EERE SRR . AT BT [ H 2 K
F 5 Fh 2k i £71 (Lateol abrax japonicus) W AIFFE X 42, LA
191 S figp o s £ 55 3k R v ) B D ask B T AR ] A it
B

1 M5
11 KBEAMHE

A G K St B 100 SR IR D A IR R B
By, KIREARE S % Zheng Z5(2012), i 2 Fl
P TG (T 2 R XU B 1 il ) 21 T LR K i, 48
B AR B DS B AR . TS B VUH Pellicon 2

TEMFEHERE B (1000 Da) 98, 12> T/KMER, il
FHTERE 25 KA (BUCHD MR A A B 4, SR JeoRg v
R R R AT 25

1.2 SKgAs

ABETEUAfRY . A E H (R . TORERR
A ek ) S S UK Y D IR, LA O AR TR
MR 4 FPEERAFRERIRIER 1)o DIARESIK &
BB D Xt BRZH (C) o A A AR A} o 310 8 T o S
WIMLEE 1 L K il SRS 1 Sk i e R SR PR AU
O 10% AR R I E L, HIFE A 3 FhSCER AR . R
e TR 8 A T A S TR T

P R e 80 H U, & MRS T7 (3R 1)
e JEORRR A, W AURAR N 3 mm ATk, HIHURT SSCF
12 h Bt 20 CRAF &

13 IREREEE

S 0 SR AT TV B 3 W 3K 1 ] — it i Ak
AR, SEETTLATT, 7ERMAE(3.0 mx3.0 mx3.0 m)
H I R AR 9% 7, LATE I 3R A K IR RS2
Uiy

S TR, BRIV 24 b, RIEH T HFE
JRRIF(1:10000), FREE KR NE— By (W1 IR P 3 I
9 31.99 @) REHLH] 12 AR TEX AL (1.5 mx
1.5 mx2.0 m)", 46 30 B RdliakpHE R 3 AN ER
RIFE s K RE(06:00 FIl 18:00)4 £ ME 1 ¥k S2H6 4
2 8 Ji; SEmIE], KIRRRRLE 28-29.5°C, EREH
29-31, N 6 mg/L,

14 HamRERKNTH

SCEGAE RS, f5E 24 h, BHBEHLI 3 B, 14
fEF-20°C, JHTFARIEN KoK 55345 A0 SNp
MLEL 3 B, FH 27 SR 1 ml 7RG R bR,
M ATH TR B0, BIREESS 2 h 5, 4CHEZS
4-6h; 4°C, 836 x g B5.0> 10 min, FFIMTFHFW L, —80°C
RS BUnss s s, WALA . JFRE X Rl T8
105 K BETBR 53530, R RAET—80°C & H -

TRl R R RE SR 105 CHET EIEH, ik
PR 7K A3 5t AR SR o A 4 U 7 fiff 2% [C b4
PE o FF SRR 1 A SUR B S - R R E
AR LU AR i R & /2 W 77 2% Mourente 55
(1999), SAHMIED(GS, HP6890, 35 FE)FE/EME,

15 #HIFETES5S%T
REHERE . EFE B P IEFR B F B AR .
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Tab.l Formulation and compositions of experimental diets (Dry matter, %)
TR AL P Dietary treatments
5k Ingredients i JK ik A 1 2 KGEMED KEEERED
Control Pig blood protein Soy protein Yeast protein
hydrolysate hydrolysate hydrolysate
F 4} Fish meal 30 20 20 20
¥ 1fiL K f# 25 (1 Pig blood protein hydrolysate 7
SRIZK R 5 1 Soybean meal protein hydrolysate 12.5
1} K fif 25 1 Yeast protein hydrolysate 14.5
M1 Soybean meal 13 13 13 13
FRFEFH Corn gluten meal 12 12 12 12
2 ik Wheat gluten 9 9 9 9
= 5% High gluten flour 11.1 13.1 7.6 5.6
/NZZ K Wheat meal 10 10 10 10
£yl Fish oil 7.5 8.5 8.5 8.5
UR#ENE Soybean lecithin 1 1 1 1
A A= ZWUR R Vitamin premix! 1.5 1.5 1.5 1.5
W) R R Mineral premix? 1.5 1.5 1.5 1.5
B2 — &4 CaH,PO, 1.5 1.5 1.5 1.5
50% A fLARGH 50% Choline chloride 1 1 1 1
4tk % C Vitamin C 0.5 0.5 0.5 0.5
A Fmsmk Ethoxyquin 0.05 0.05 0.05 0.05
& SR Fumaric acid 0.05 0.05 0.05 0.05
5% 6 Betaine 0.15 0.15 0.15 0.15
H4&# Glycine 0.15 0.15 0.15 0.15
H 7 7KF Proximate composition
7K 43 Moisture 5.80 5.07 5.15 5.23
M H Crude protein 44.20 43.88 43.97 43.95
HLAG 5 Crude lipid 10.99 11.25 11.27 11.30
JE4y Ash 10.41 8.73 10.36 10.63
JAfiE Gross energy (kl/g) 19.70 20.15 19.87 19.81

1. A RIRE B (mg/kg or g/kg ARD: AR D Smg; ZIEER 45mg; AWE 1.20 mg; HHMRMEEE 20 mg; 4E4
% A32mg; 4iEK E 120 mg; 4E4: K By, 0.1 mg; WLEE 800 mg; AR 200 mg; HiMKE 25 mg; MR 20 mg; 1282 60 mg;

#rEFE K310 mg; KM 18.67 ¢

2. B YIRIRA B (mg/kg or g/kg TARL: BRBLEE 1200 mg; BRIREE 50 mg; & Ab4L 50 mg; HRFRH 10 mg; MiLEN 0.8 mg;
WERR — %55 3000 mg; BRAREK 80 mg; AALZN 100 mg; FALH 2 mg; WAk 1551 ¢

1. Vitamin premix (mg/kg or g/kg diet): vitamin D 5 mg; riboflavin 45 mg; biotin 1.20 mg; pyridoxine 20 mg; vitamin A
32 mg; vitamin E 120 mg; vitamin B, 0.1 mg; inositol 800 mg; tocopherol acetate 200 mg; thiamine 25 mg; folic acid 20 mg;

pantothenate 60 mg; menadione 10 mg; wheat flour 18.67 g

2. Mineral premix (mg/kg or g/kg diet): MgSO,4-4H,0 1200 mg; ZnSO,4 7H,0 50 mg; CoCl,-6H,0 50 mg; CuSO,4-5H,0 10 mg;
KI 0.8 mg; Ca (H,PO4),-H,0 3000 mg; FeSO,-7H,0 80 mg; NaCl 100 mg; NaF 2 mg; Mordenzeo 15.51 g

JIE 3% £ (Condition factor, CF)={A&H /A& K *x100

JFAA Lt (Hepatosomatic index, HSI, %)=HT i &/
LRI E <100

JIEAA H (Viserosomatic index, VSI, %)= I 5/
LRI H <100

JH SPSS 16.0 Ge i 1) 52 56 4 b B 4 B0 i 4 7
LK 2 )5 2% 43 HT(One-way ANOVA), 4[] 4 B 2~ ]
FAAE 3 22 5 (P<0.05 S 22 ¢ 3, P<0.01 25

W), KH Tukey EHATHMER ZEILE, I
B B A7 1E 1R (Mean=SE) &R

2 HR
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ENEIESERYOY S 3 4 S PUN AR RAIRER R N g NN



%3 o

W& RIS ] K A 2 15 % 6 £ (Lateol abr ax japoni cus) 4l £ ff A K 20 2R 18 I 5 ek (4 5% 0 89

KAy HERERR I . WILIAL R I B o4 g 7 5 s 38 A 7=
A i E IR (P>0.05)(36 2)0 HFMREL . MEMAREL . O 45
TEARFE AR AE 25 Ab B AL (Rl A I 35 22 57 (P>0.05) .
55X REL A LL, 7K i e B 2 1 A 60 £ 1) LT T v
SR 2 AR (P<0.05), ELIL T T 0 = B K SEAE
X BAZH | 7K iR A I B 1 4 SR R SR R L 2 ) R AR
WK EEN 3 M AZ RS S &2
(P>0.05) Il ¥ HF [ 2 5 41 285 5 i 2 1 R ] st 2 ) e
Ab B M A4 R A5 00 i IR SR, EL I v
JIE 25 A N e 45 Ak PR (DA B3 25 57+ (P>0.05)

22 AEEBWKBEAXMYEHEEERRALNE
7 B 4 R B 5 M)

#R4.5,6. 7 mAFR T Y AITE. LA .
L7 B2 B8 i 4 22 09 B 7 T 2 % 32 il Ak Ak B 52 ) F) 1
o AMEFE o R RR 7 R 20 210 R 32 2 kG
PRI 2 52 (P>0.05) (3 3).

X LR A 0 R 4 ke U, 55 %6 BREE AR B, gl o
KA B B AR AR R B R T e LA
C20:1n-9 i (P<0.05)(F 4), MHLA C22:5n-3 i
TEXTRZE | KA I B AL | /K R R A K e
BRI 4H AR IR B2 T [(P<0.01), X HRZH C22:5n-3
O TOK R DO A SOK R R 4, T

®2 AREXEEHKBEAXME ALY E S KR AR +

KA B R ARG, S AR X R 2 R K i a2
FI41(P<0.01). AILIA ARG W R 7 -4 32 2 il kb
FRAY 550 (P>0.05),

Xof I Y75 R T TR A i3t , 7K ik e B B 120 Y C20:5n-3
i BT T R AH (P<0.05)(35 5), T IMLTE C20:5n-3
Fr T B | KA I B VA RUK AR SRR AL
[ LA K 3 AN [R] 7K fff 2 AL 3L 2H 22 ()35 ATt 3 1
25 5:(P>0.05), i34 T HA G R 7 it IR 32 B il ke
b B ) 2 PR (P>0.05)

AN TR) 28 AU 1) K ik B 1R 7 2H 2208 1 e 2 i s
M40 8 35 (R 6)0 XTHRZHAY C14:0 i LT K
i H I 2K 12 % K i SR 2 4 (P<0.05) , i
C16:0.C16:1n-7 .C18:0.C18:1n-9.,C18:1n-7.C18:2n-6
A i I TRk D) S AN T AR oK i A R e A
3 AMAEEA] (P<0.01) . X HE 4 K oK figt e 3 3 4L Y
C18:3n-3 % i I IR T /K i 4 1l 85 1 41 MK i 2 k0
FEHLL(P<0.01), XTHRALHY) C20:1n-9 & & M TR
FoK a6 5 3 SAEHAL(P<0.01) X BRZH 1) C20:4n-6
C22:5n-3, C22:6n-3, n-3 fEMITR . n-3 KEEZAIEAN
RE TR & i M n-3/n-6 LU 255 T HoA 3 ASAbHEZH
(P<0.01), 7K fif ¥ I 25 41 MK fiig SRR A4l
C20:4n-6 7 i b I T X BRAL FK i BB B L 4,

, N=3)

Tab.2 Effects of different types of protein hydrolysates on the lipid concentrations in whole body
and tissues of juvenile L. japonicus (Mean+SE, n=3)

b3 Treatments

$5 4% Parameters ey KIEIEIMEN  KEEMEND KBREFEA P fH
Conlt;\ol Pig blood protein  Soy protein Yeast protein P value
hydrolysate hydrolysate hydrolysate
fa {85 Lipid (Dry matter % 23.29+1.14 23.60+0.77 25.71+1.21 25.66+1.45 0.360
p Y

1 {R7K 4> Moisture (%) 71.88+0.58 71.60£0.91 72.27£0.66 72.41£0.45 0.820
FFRERE I Liver lipid (Dry matter %) 16.19+1.68 17.20+0.71 17.80+1.93 16.16+2.12 0.890
WLP A 7 Muscle lipid (Dry matter %) 3.65+0.28 4.27+0.23 3.86+0.29 3.85+0.38 0.540
AN AENERT Gut lipid (Dry matter %) 57.14+6.06 57.66%5.12 69.10+8.02 65.36%2.52 0.430
JFA . HIS (%) 1.56+0.08 1.69+0.23 1.56+0.04 1.82+0.04 0.440
A& LE VST (%) 9.60+0.47 9.52+0.21 9.61+0.34 9.97+0.21 0.770
A5 B CF 1.49+0.03 1.42+0.03 1.34+0.06 1.45+0.02 0.110
3% H il =& Serum triglyceride (mmol/L) 1.88+0.11° 1.82+0.12% 1.77+0.20% 1.3140.06° 0.030
T35 AE[E B Serum cholesterol (mmol/L) 5.540.30" 4.94+0.22% 4.63+0.11% 4.39+0.13° 0.020
1% HDL-C* (mmol/L) 1.20+0.06 1.08+0.21 1.05+0.10 1.03£0.09 0.780
1% LDL-C* (mmol/L) 4.34+0.25° 3.86+0.14% 3.58+0.13% 3.37+0.21° 0.030

W [F—47rh, tAEE E AR B AR A G 25 M 25 (P>0.05); 2. HDL-C: S EEE L HEEE; 3. LDL-C: k%

JEE N # P [

Note: Values in each row with same superscripts showed no significant differences (P>0.05); 2. HDL-C: High-density
lipoprotein cholesterol; 3. LDL-C: Low density lipoprotein cholesterol
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Tab.3 Effects of different types of protein hydrolysates on the liver fatty acid composition
of juvenile L. japonicus (% of total fatty acids)(Mean+SE, n=3)

AbFH Treatments

JEWiFL Fatty acid % Hd UN K AR U CRIEAR KA fE AR pFﬁe
Control Pig blood Protein hydrolysate Soy protein hydrolysate Yeast protein hydrolysate

Cl14: 0 2.494+0.05 2.46+0.14 2.91+0.06 2.68+0.25 0.198
C16:0 18.47+0.91 17.41+0.16 17.28+0.78 18.57+£0.24 0.366
C18:0 4.43£0.39 3.93+0.21 3.84+0.23 4.00+0.13 0.419
>SFA 25.39+1.25 23.80+0.30 24.03+0.94 25.25+£0.36 0.442
C 16: 1n-7 6.57+0.20 6.78+0.28 6.53+0.35 6.73+£0.25 0.900
C 18: 1n-9 22.07+0.53 21.89+0.11 20.41+0.99 20.38+0.55 0.172
C 18: 1n-7 3.20+0.01 2.80+0.13 3.13+0.09 3.15+0.08 0.053
C 20: 1n-9 1.77£0.10 1.64+0.08 1.67+0.09 1.77+0.11 0.684
>MUFA 31.83+0.59 31.47+0.29 30.06+1.02 30.26+0.68 0.268
C 18: 2n-6 10.32+0.91 9.39+0.67 12.45+0.96 9.94+0.58 0.105
C 20: 4n-6 1.16+0.03 1.24+0.14 1.02+0.07 1.13+0.02 0.386
>n-6 11.48+0.93 10.63+0.65 13.47+0.92 10.70+0.95 0.152
C 18: 3n-3 1.07+0.09 1.08+0.09 1.41£0.10 1.12+0.04 0.052
C 20: 5n-3 4.09+0.20 4.17+0.35 4.58+0.44 4.03+£0.25 0.635
C 22: 5n-3 1.98+0.14 2.11+0.16 2.18+0.21 1.56+0.08 0.084
C 22: 6n-3 11.34+1.01 12.07+0.58 12.41+1.05 12.86+1.29 0.761
>n-3 18.48+1.23 19.43+1.08 20.57+1.66 19.57+1.42 0.763
>n-3/3n-6 1.64+0.19 1.84+0.10 1.53+0.12 1.89+0.32 0.593
>n-3 LC-PUFA 17.42+1.25 18.35+1.00 19.16+1.58 18.44+1.45 0.834

SFA: {FINEIITR ; MUFA: BARMRIIEIITR ; n-6: n-6 RIIAEFINENIT; n-3: n-3 RIVAEFNENITR; LC-PUFA.:
KEEZAMRPENIRR o [ —47 s bn A )L m 5= Bk ) £ 18] 06 25 1 22 5% (P>0.05) . T 2]

SFA: Saturated fatty acids; MUFA: Monounsaturated fatty acid; n-6: n-6 series unsaturated fatty acids; n-3: n-3 series
unsaturated fatty acids; LC-PUFA: Long chain polyunsaturated fatty acids. Values in each row with same superscripts showed no
significant differences (P>0.05). The same as following tables

&4 AREFEBRKEE B X8 & 4 & AP RS B B 4H AL Y 520 ( , %0)( + , N=3)
Tab.4 Effects of different types of protein hydrolysates on the muscle fatty acid composition
of juvenile L. japonicus (% of total fatty acids)(Mean+SE, n=3)

Kb 3 Treatments

BNl Fatty acid i} g K AR 17 KGR o PF\)/liiue
Control Pig blood protein hydrolysate Soy protein hydrolysate Yeast protein hydrolysate
C14:0 2.35+0.36 2.34+0.06 2.68+0.29 2.31+0.22 0.730
C16:0 19.09+0.29 19.17+0.20 18.65+0.22 19.38+0.29 0.296
C18:0 5.20+0.45 5.37+0.26 5.10+0.28 5.37+0.10 0.895
YSFA 26.64+0.11 26.90+0.37 26.43+0.22 27.0640.41 0.507
C 16: 1n-7 4.59+0.21 4.94+0.01 5.08+0.17 4.52+0.23 0.154
C 18: 1n-9 16.40+0.60 17.75+0.38 17.89+0.11 16.57+0.80 0.182
C 18: 1n-7 2.57+0.06 2.45+0.06 2.58+0.04 2.58+0.03 0.294
C 20: 1n-9 1.35+0.05° 1.52+0.04% 1.54+0.06% 1.69+0.06° 0.011
YMUFA 23.5640.80 25.15+0.41 25.54+0.32 23.68+1.06 0.190
C 18: 2n-6 9.96+0.75 9.96+0.34 10.36+0.52 9.69+0.21 0.825
C 20: 4n-6 2.11+0.44 1.74+0.22 1.52+0.17 2.10+0.39 0.538
Yn-6 12.07+0.56 11.70+0.50 11.88+0.35 11.79+0.33 0.945
C 18: 3n-3 1.07+0.13 1.1440.03 1.23+0.09 1.2140.04 0.529
C 20: 5n-3 5.46+0.19 5.66+0.48 5.86+0.24 5.78+0.11 0.774
C 22:5n-3 2.62+0.10° 2.27+0.10%° 2.19+0.02 1.81+0.12¢ 0.002
C 22: 6n-3 15.28+1.01 14.95+0.84 15.87+1.02 17.78+0.79 0.212
Yn-3 24.42+1.08 24.02+1.29 25.15+1.16 26.58+0.87 0.431
Sn-3/Yn-6 2.03+0.14 2.07+0.18 2.1340.15 2.26+0.07 0.701

>n-3 LC-PUFA 23.36+1.17 22.88+1.26 23.92+1.24 25.37+0.89 0.492
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Tab.5 Effects of different types of protein hydrolysates on the serum fatty acid composition of juvenile
L. japonicus (% of total fatty acids) (Mean+SE, n=3)

o AL Treatments
. I AL ISR KRMHEE o
Control Pig blood Protein hydrolysate ~ Soy protein hydrolysate  Yeast protein hydrolysate
Cl14:0 2.02+0.16 2.05+0.27 1.70+0.03 1.85+0.17 0.530
Cl16:0 18.40+0.18 18.57+0.30 17.89+0.27 18.05+0.22 0.267
C18:0 4.41£0.08 4.59+0.01 4.48+0.21 4.25+0.12 0.383
>'SFA 24.83+0.32 25.22+0.43 24.08+0.22 24.15+0.37 0.128
C 16: 1n-7 3.71£0.36 3.64+0.20 3.28+0.11 3.55+0.16 0.586
C 18: 1n-9 13.36£1.02 13.35+0.81 12.19+0.79 12.92+0.43 0.703
C 18: In-7 2.16£0.15 1.98+0.07 1.94+0.10 2.20+0.10 0.296
C 20: In-9 1.19+0.06 1.17£0.05 1.13+£0.06 1.30+0.05 0.233
SMUFA 19.23+1.52 18.98+1.08 17.41£1.00 18.67+0.68 0.673
C 18: 2n-6 7.28+0.39 6.29+0.34 6.55+0.46 6.39+£0.36 0.336
C 20: 4n-6 1.66+0.15 1.67+0.08 1.90£0.10 1.81£0.11 0.411
>n-6 8.94+0.26 7.96+0.27 8.46=0.42 8.20+0.25 0.220
C 18: 3n-3 0.84+0.05 0.73£0.06 0.78+0.04 0.77+0.06 0.530
C 20: 5n-3 8.41+0.32° 7.7140.24 7.984+0.21% 7.3420.04° 0.049
C 22: 5n-3 2.47+0.09 2.26+0.12 2.35+0.18 2.00+0.04 0.118
C 22: 6n-3 24.24+2.10 23.80+1.04 26.68+0.75 25.91+0.89 0.407
>n-3 35.96+2.29 34.50+1.10 37.79+0.81 36.02+0.83 0.469
>n-3/3n-6 4.04+0.37 4.35+0.26 4.49+0.26 4.41+0.22 0.710
>n-3 LC-PUFA  35.12+2.34 33.77£1.15 37.02+0.84 35.25+0.86 0.500
* 6 AEIZEBIFKEEE B X85 4h & RS Ry 40 43 A8 B B4 48 A Y 6 Ml , %)( + , N=3)
Tab.6  Effects of different types of protein hydrolysates on the adipose tissue fatty acid composition
of juvenile L. japonicus (% of total fatty acids) (Mean+SE, n=3)
PV Qb Treatments B i
Fatty acid KL TR AR 4 B value
Control Pig blood protein hydrolysate ~ Soy protein hydrolysate  Yeast protein hydrolysate
Cl14:0 0.85+0.27° 3.81+0.41% 4.16+0.13* 2.38+0.84% 0.017
C16:0 3.09+0.91° 15.84+1.63" 16.78+0.58" 12.55+1.95% 0.002
C18:0 0.57+0.18° 2.94+0.32° 3.03+0.11° 2.33+£0.25" 0.002
> SFA 4.52+1.36° 22.60+2.36* 23.97+0.81% 18.08+2.56* 0.002
C 16: In-7 1.23+0.40° 6.07+0.65% 6.60+0.20* 4.31+0.81% 0.002
C 18: In-9 3.28+0.93° 16.77+1.85% 18.46+0.59* 12.31+1.87* 0.002
C 18: In-7 0.49+0.14° 2.19+0.30% 2.27+£0.07% 1.84+0.25% 0.005
C 20: In-9 6.01+0.30* 2.30+0.49° 1.99+0.18° 2.44+0.56° 0.002
>MUFA 5.01+1.47° 25.03+2.77* 27.33+0.83% 18.45+2.92° 0.002
C 18: 2n-6 2.70+0.76° 12.63£1.45% 14.06+0.45% 9.35+1.65% 0.002
C 20: 4n-6 6.79+0.04* 0.53+£0.02° 0.54+0.03° 0.74+0.01° 0.000
>n-6 9.49+0.80 13.17£1.65 14.60+0.46 10.09+1.66 0.086
C 18: 3n-3 0.87+0.02° 1.71£0.08" 1.84+0.05" 1.23+0.13° 0.000
C 20: 5n-3 4.19+0.18 4.57+0.19 4.73+0.08 3.89+0.42 0.116
C 22: 5n-3 7.62+0.14% 1.93+0.09" 2.20+0.07° 1.49+0.14° 0.000
C 22: 6n-3 14.61+0.24° 5.91+0.76° 6.92+0.35° 4.80+0.71° 0.000
>n-3 27.29+0.09* 14.12+0.99" 15.69+0.46° 11.41+1.40° 0.000
>n-3/Yn-6 2.8740.17° 1.09+0.09° 1.08+0.03° 1.14+0.05° 0.000

>n-3 LC-PUFA  26.42+0.07* 12.41+0.91° 13.85+0.45° 10.18+1.27° 0.000
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Effects of Different Protein Hydrolysatesin High Plant Protein Dietson the

Lipid Accumulation of Juvenile Japanese Seabass (L ateolabrax japonicus)

CAO Lin"? ZHANG Tingting'#, XU Houguo', ZHENG Keke', LIANG Mengging'*"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and 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; 4. College of Fisheries
and Life Science, Dalian Ocean University, Dalian  116023)

Abstract An 8-week feeding trial was conducted to investigate the effects of different types of
protein hydrolysate in high plant protein diets on the lipid accumulation of juvenile Japanese seabass
Lateolabrax japonicus (initial body weight 31.99 g). Four experimental diets were formulated. The
control diet contained 30% fishmeal. Different types of protein hydrolysate, i.e., pig blood protein
hydrolysate, soy protein hydrolysate and yeast protein hydrolysate was separately added to the basal diet
to replace 10% fishmeal to formulate three experimental diets. The feeding trail was conducted in sea
floating net cages. Each diet was assigned to triplicate groups of 30 fish. The results showed that
compared to the control group, the supplementation of protein hydrolysates from pig blood, soybean meal
and yeast did not significantly influence most indices of lipid accumulation in L. japonicus. However,
compared to the control group, the yeast protein hydrolysate significantly reduced the concentrations of
triglyceride, cholesterol, and low density lipoprotein cholesterol in serum (P<0.05). The fatty acid
analysis showed that compared to the control group, the yeast protein hydrolysate significantly increased
the C20:1n-9 content in muscle, while the soy protein hydrolysate and yeast protein hydrolysate
significantly reduced the C22:5n-3 content in muscle (P<0.05). Compared to the control group, the yeast
protein hydrolysate significantly reduced the C20:5n-3 content in serum (P<0.05). In adipose tissue,
compared to the control group, the protein hydrolysates from pig blood, soy, and yeast significantly
increased the contents of saturated fatty acids, =<18C monounsaturated fatty acids, linoleic acid and
linolenic acid, but significantly reduced the contents of C20:1n-9 C20:4n-6 (C22:5n-3 and C22:6n-3
(P<0.01). These results suggested that in high plant protein diets the supplementation of protein
hydrolysates from pig blood, soy, and yeast did not modulate the lipid accumulation in whole body, liver,
muscle and gut of juvenile L. japonicus, but the yeast protein hydrolysate significantly reduced the
concentrations of triglyceride, cholesterol, and low density lipoprotein cholesterol in serum. The
modulation of fish fatty acid profiles by protein hydrolysates varied depending upon the type of protein
hydrolysate and the type of fish tissue. This is the first study comprehensively investigating the effects of
different types of protein hydrolysate on the lipid accumulation in aquaculture species, and the results
were indicative for the relevant studies in the future.

Key words Japanese seabass Lateolabrax japonicus; High plant protein diet; Protein hydrolysate;
Lipid accumulation
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