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1.1 BNk ERYIRYHI &

SIS i R AR B AR, T B I T v A R A
F(hE, KiE). BRFAKERYKI$% 5% ZhengZ
(1) 7732, e FH AR 2 1 R X IR 2 LB 7K A
i€, 3500 r/min2s 0 10min, B _EE, W% F 2R
WG G AW AT BN KR . BEUR KA E IR 40
B B IR A AN 1.

1 BT RRIL S A B R SRR R (% T4 )

Tab. 1 The proximate chemical composition and amino acid com-
position of krill hydrolysates (% dry matter)

43 i ¥8 45 Analysis index TR K fEPIKrill hydrolysates
k2240 il Chemical composition

#H2 [1Crude protein 60.39

HLAE Wi Crude lipid 443

K53 Ash 2362

i Fluorine (mg/kg) 180.70
M Amino acid

EAA

S M Thr 214

HATRVal 246

HALMet 1.06

St E Mlle 248

LR Leu 382

< 2 HPhe 262

R Lys 4.06

Y Z BEHis 0.82

T &R Arg 322

NEAA

RER R Asp 4.69

225 Ser 1.84

AZAMGlu 752

HEKRGly 2.67

HZRRAla 291

S IERCys 021

B Z BE Tyr 211

AR Tau 133

Jiti Z 2 Pro 1.55

TAA 4750

EAA 22.68

NEAA 24.82

EAA/TAA (%) 47.74

EAA/NEAA (%) 9136

TE: TAA. BEERR; EAA. UFHEER; NEAA. JENFE
K NI

Note: TAA. Total amino acids; EAA. Essential amino acids;
NEAA. Non-essential amino acids; the same applies below

1.2 SIiER

DLk, EYE AR, ik, K&
) A R /K 0 D 3 R U, o Dy 32 TR
DR, AR 3 4 55 VS5 MR I A 1Rk, ARDRHIC 5 JE
TR RN FR 2. SZI6 LA30% K A%t B 41 (Control),
Iy AEINS% (LKH) . 10% (HKH)BEUF K i 4 UL &
AR R oK B . S5 i F JEURE 8 8 0 80 H
W, AR K78 iR A Ja, HiSoRiAE 43 mmit)
WORLAR KL, 55 CHUAE N 12hIET, —20°C R 17 %
H

2 SWANESREFRAR

Tab. 2 Formulation and proximate chemical composition of
experimental diets (%)

JF EHngredient (%) c?:{i‘il LKH  HKH
1§} Fish meal 30 26 22
H}ISoybean meal 12 12 12
TR UF /K A )Krill hydrolysates 5 10
A ik Wheat gluten 17 17 17
75 3 K Wheat meal 16.2 15.2 14.2
FKE F i Corn gluten meal 9 9 9
i Fish oil 7.5 7.5 7.5
Y% iE Soybean lecithin 1 1 1
Y%e'E IR A Vitamin premix 1 1 1
B I A0 Mineral premix 1 1 1
SALRE AR Choline chloride 1 1 1
IR — A5 CaH,PO, 2 2 2
LMt BRL-lysine 0.8 0.8 0.8
D/L-ZE % EZD/L-methionine 0.5 0.5 0.5
L-f§ & IR L-argnine 0.5 0.5 0.5
#4224 C Vitamin C 0.5 0.5 0.5
B IR
Proximate composion (%, DM)
H1 H Crude protein 53.09 5338  53.62
FH AR Wi Crude lipid 10.69 11.06  11.06
FK 53 Ash 9.00 9.75  10.16
i Fluorine (mg/kg) 4877  50.78  49.96

W M R IR A Y (me/kg iR BREE, 25 mg; M E,
45 mg; FHMMSEL, 20 mg; 44 ZEB,, 0.1 mg; 4E4E KK,
10 mg; ULEZ, 800 mg; iZ B2, 60 mg; MAEZ, 200 mg; HFZ, 20 mg;
IR, 1.20 mg; HeEEA, 32 mg; HHERD, 5 mg; #iEKE,
120 mg; KA 18.67 g; “H ¥R IR &4 (mg/kghilkh): FAk s,
2 mg; WALAR, 0.8 mg; SALE, 50 mg; BRERE, 10 mg; BRBREk,
80 mg; WRIREE, 50 mg; MRIRES, 1200 mg; BEIE — &5, 3000 mg;
SALEN, 100 mg; AR, 15.51 g

Note: '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 1.2 mg, vitamin A 32 mg, vitamin D 5 mg,
vitamin E 120 mg, wheat flour 18.67 g;zMineral 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; ZnSO,4-7H,0 50 mg; MnSO,4-4H,0 1200 mg;
Ca(H,PO,) ,-H,0 3000 g; NaCl 100 g; Mordenzeo 15.51 g
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1.3 LWEa5EFER

SEHG it F K 32 67 4 0 1 1L AR 6 R JE K
BRAFCHE, HWE). EAEKLBIFHE, FEE
24h, PhiE270 R KN AT Mg AR HARSR TSN,
IR N (9.46+0.01) gft K SS0E4h t, BEHL 7> AL
TONMEERM(120 LY, SLEG 30 B, B4k 22
WINEE, M EEI0EMA. LKRH R
TNEAVKIFE RS, KIFE RIS IEEK, #iE
92 L/min, /Kif(14£0.5)°C, LR, WE &S T
7 mg/L, 5 (30£0.5)%0, pH 7.5—8.0. S HAH],
BRI R (6:30H116:30), % M4
30min/&, X FRAEREAT G it, AR 100K 1A k) (1)~ 1)
HEEITERENESR. FREA N0,
1.4 HmREMSH

TESCUG S5 R 15 24h, AR T B RR R
RIS B, fRAF T —20°C F T f AR B2 43T
LS R fa, Y FE 2R BN et v S 2 A2 e ik B I
4°C R #5 E24h, 3500 r/min/ -0 10min, BLILIE I (%
ELE-20°C FFI; AN R A, o BIECL L. T

£3 SWANEERARGTYR

Tab. 3 The amino acid composition of experimental diets (% dry

matter)

ZHE R Amino acid (%) XTH&Control LKH HKH

EAA
I & R Thr 1.96 2.00 2.07
HERVal 2.24 2.29 2.37
AR Met 1.29 1.30 1.40
Ftoc R MRlle 2.04 2.09 221
LR Leu 4.46 451 471
K Z H2Phe 2.62 2.75 2.81
WK Lys 3.16 3.34 3.46
ML His 1.25 1.26 1.24
K& R Arg 3.14 3.22 3.40

NEAA

REHERAsp 3.86 3.86 4.06
22 53 IR Ser 241 2.48 2.54
HAMGlu 13.05 13.34 13.82
HEEGly 242 2.47 2.53
WA R Ala 2.75 2.75 2.85
AL Cys 0.65 0.81 0.82
Fig 2 MR Tyr 1.98 2.09 2.12
T2 Tau 0.32 0.37 0.43
TAA 49.60 50.90 52.84
EAA 22.16 2275 23.67
NEAA 27.44 28.14 29.17
EAA/TAA (%) 44.68 4471 4479
EAA/NEAA (%) 80.76 80.86 81.13

e wal 1 E %2, IR AET-20°CHrll.

TR AR B RE B E 105 C T 2 4E 5, R
S BRI E AR 40 f R B 1 o A R F L IR
&% (VELP, UDK-142 Automatic Distillation Unit,
R LT 1D 0 5 >R F R R vk, DAAA il
RHh B, FFHEFOSS A Wil & X SOXTEC
20500 5E ; IK 5345 1 Fh7550°C H R BE3h, 2k E i
5E 5 HER 1 52 2K 5 7E6 mol/L HCLH 1 107K fi#
22—24h, B3N ER, R H 3289004 H 3l
LR M 52 1 (Hitachi L-8900 automatic amino acid
analyzer, Hitachi, HA) € .
1.5 MERFREAEZIBENAREREMEK
BE MR E

Jiga 2 1V 1R PO 5 2% Eranlger 5" 7592,
PAN-a-benzoyl DL-arginine p-nitroanilide (BAPNA)
PRI 2 A, AP 3R WTR: 150 uL BAPNAYE
IMA27 LK, F25C P45 Smin. RN
3 uLRES, 25°C N 10min. 55 IMA30 pL 30%Z
Fig 2% 1k ROBE, FEREARX Ei32HLODy o fH, 8 i br Ak it
LItEREOME S E. 2w ER, $3 uLkf
A A3 uL 0—400 pg/mLJBR R F RS LR, HR
HBRAH ] o

VENTE . A R S AN A TR B e 1 ) E A
FH e g R &, H B4R A (Tecan Infinite M200
B )R o
1.6 HERSGITHEE

8 A2 K # (Specific growth rate, SGR, %/d)=
100x[Ln( 2 A AR 5 ) Lo(¥] 4G 14 5 ) |/5256 KA

% & # (Feeding intake, FI, %/d)=100x & T4 Jii
P /[0 R A (WA AR A+ 2R AR )/2]

TR XK (Feed efficiency, FE)=f /438 & (7
HY BTV EE

5 HRCE M (Protein efficiency ratio, PER)=(%%
RIKE IR ER)/ EH RN E

T A BT 2 (Protein productive value, PPV,
%)=100x 14 8 1 A7 /R H I E

S2IG K R I SPSS17.048 i A k4T B [ %
77 Z£ 53 M1 (One-way ANOVA), 242 ik 3| 5 2 /KF
(P<0.05), #£47 Tukey st s, Ay £ 5% R -1
YA R R (mean+SE).

2 #R
2.1 AR IR MBI K R K E T K
E: A

FHEE 4T A1, 5550560 4 K35 67 40 0 1) RS 0
MR, K F197% L _E(P>0.05); HKHZH K35
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iop &0 11 ) 52 AR KR (SGR) . FIEIAR(FE). &A
JRAAFL(PER) R E R PPVBIRE ST
XTI (P<0.05), (HiE B8 (FD) 2 E 18T X A
(P<0.05); LKHA K35 #7418 SGR. FE. PER.
PPV ] FI35 556 W 40 ¥ 25 4 22 7 (P>0.05)
2.2 ARRMBEET K BRIXT K E iy & KR
it A E S MaRE SN

B3R STT AN, Fl g TaDR R K g B,
M5 F I A B (GOT) & MR T PR, (H34H 2 70
23 M2 5 (P>0.05), 11 IEGO TV PE R A5 o 7K
Y & BN 2 b mi& %, HLKH. HKHAH IS
FE G (GOT) & M) 2 25 & T X R 4H.(P<0.05),
{E 4 2 8] 2 53 A 5 3 (P>0.05); HKHAL LIS A 75
B BTG M T KT IR ALK HZ (P<0.05), 5
SRR S, HEEAS P M (GPT)VE 1 2 25 T 0 1R
Y AILKHZH.(P<0.05); LKHZL M3/ K IF 4 75 5 5
it v P 55 0 HE ZELR BL TG I 3 1 22 7 (P>0.05) -
T4 R BSET K R R K E 6T 4 8 4 K BRI (R

PHELAREIR)
Tab. 4 The effects of dietary krill hydrolysates on growth
performance of juvenile turbot (mean+SE)

S Mrabr Analysis index X i Control LKH HKH
R
Survial rate (SR, %) 100.00+0.00 98.89+1.11 97.78x1.11
5 A K F Specific a a b
+ + +
growth rate (SGR, %/d) 2.03£0.02° 2.02+0.01° 2.24+0.01
%ﬁ% b ab a
+ + +
Feeding intake (1, %/d) 1.34+0.01° 1.33£0.01" 1.32+0.01
AR a a b
1+ + +
Feed efficiency (FE) 1.30+0.02° 1.31+0.01° 1.42+0.01
R A FACR L Protein a a b
+ + +
efficiency ratio (PER) 2.44+0.03° 2.44+0.01° 2.64+0.02
EET TR a a b
Protein productive value 36.09+0.15" 36.81+0.19" 39.40+0.18
(PPV. %)

e FATHERE A R AR T REROR 2 R A B (P>0.05); TR
AT A [F_E AR BER R ZE R R 3 (P<0.05); A

Note: Values in the same column with the same superscripts
are not significantly different (P>0.05); Values with the different
superscripts are significantly different (P<0.05); the same applies
below

RS ARk R KR 6 L & B K AT AR S
A A R A EE AT EHTER)

Tab. 5 The effects of dietary krill hydrolysates on GOT activities and

GPT activities in serum and liver of juvenile turbot (mean+SE)

M br Analysis index X Control ~ LKH HKH
Sﬂfﬁfjﬁ%}ﬁ 5774026 5.45+0.13  5.4040.14
Li’i’j’%@fﬁit) 7.12£0.13°  9.91+0.11° 10.32+0.14°
ggffggﬁ% 3.69£0.17° 4.10£0.24° 1.48+0.11°
JHF I 25 TR 2 g

a a b
+ + =+
Liver GPT (U/gprot) 21.18+0.30° 22.28+0.28" 32.95+0.39

2.3 ARHIRMBER K RYIRT KE T4 & HILE
SEMERY RN

B 6 R A1, %% AbFR4H 2 5] A 15 2 E A
PTG S5 3 22 5 (P>0.05), {HHKHZL 738 vk B S
P 03 i T 5 BB 4H.(P<0.05), LKHZ 38 e Ky B G
PR iy T BR2H, HG 2 3 M 22 57:(P>0.05), [R] N Bl
AR K AN IR T =, BiE b el 1B B AR
F S 1 S SE BRAICE T i %, HAEHKHA 3%
T R 41(P<0.05)

2.4 ERIHRIN BN BT K 2 6T & R4 R RY
A

B 7RI A, & A HEAH 2 A) f AR K o B
B M2 (P>0.05); HKHZL 44K 5y KA A
B R ZE T AR (P<0.05), LKHZAL 47K 7
HEaSERS TYRA, BLEEEER
(P>0.05); LKH. HKHZH A AR &2 5% m T
Xf R AL(P<0.05); Bl BT /K A8 0 & 35 hm, K
B IR NIINAE TR P ey <7 N (ERE (SHE T
F PRI (P>0.05)

FH 3% 81T KN, 75 RS2 674 6 LA i 45 19 1 7
FILRR T, FRAZIRAP, HA R B FRAE3 4L 8] 27
6 (AR BAR K R K A TH LB E M R R0

(PHMEHFER)
Tab. 6 The effects of dietary krill hydrolysates on digestive
enzymes activities of juvenile turbot (mean+SE)

M e bR Analysis index XfH#fControl  LKH HKH
W 1EIntestine
TER
AMS (U/mgprot)
ek G
Trypsin (U/mgprot)
i TE %
Pyloric caecun
TERT
AMS (U/mgprot)

ik i 1 it
Trypsin (U/mgprot)

0.93+0.01°  1.00£0.03" 1.09+0.03"

50.38+0.19" 43.87+0.07" 53.44+0.22°

3.16+0.11  3.12+0.07  3.29+0.08

42.66£0.98" 42.58+0.85" 46.72+0.29"

=7 ARRRINBAR K R KA B ML FE R R AL
IR BRI (T ETER)

Tab. 7 The effects of dietary krill hydrolysates on body chemical

composition and retention of fluorine in muscle of juvenile turbot

(mean+SE)
PADIEELD xR
Analysis index Control LKH HKH
JK4 Moisture (%) 76.83£0.27" 77.32+0.14" 77.710.32°

H12 11 Crude protein (%) 63.84+0.10" 64.49+0.43" 65.66+0.31°
S i Crude lipid (%) 16.85£0.48" 18.60+0.39" 18.140.45°

K53 Ash (%) 16.48+0.31 15.43+0.47 15.64+0.51
FFluorine (mg/kg) 0.75+£0.01  0.80+0.01  0.82+0.02
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Tab. 8 The effects of dietary krill hydrolysates on amino acid
composition in muscle of juvenile turbot (%) (mean+SE)

HIEHR Amino acid (%) X8 Control LKH HKH
EAA
R Thr 3.59£0.02°  3.73£0.02° 3.77+0.04°
AR Val 3.01£0.01° 3.2240.01° 3.33x0.01°
EERMet 1.75£0.01°  1.87+0.02° 1.68+0.02°
R e 2.77£0.02°  2.99+0.03° 3.12+0.03°
FE M Leu 5.63£0.03"  6.00+0.02° 6.17+0.04°
& EPhe 3.49+0.04°  3.69+0.02° 3.56+£0.03"
R Lys 7.05£0.02°  7.49+0.03" 7.59+0.03"
y
H % iR His 1.6740.02  1.7240.03  1.71+0.03
KEE R Arg 4.77£0.02"  4.95+0.03° 4.98+0.03"
NEAA
RAE R Asp 7.97£0.02° 8.25+0.02° 8.41+0.03°
L5 iR Ser 3.3240.02° 3.41+0.02° 3.43+£0.02°
BHEFGlu 12.77+0.02° 13.32+0.02° 13.28+0.03°
HEERGI 3.70£0.03°  3.70+£0.02° 3.59+0.03"
y
W Ala 4.19+0.01° 4.39+0.01" 4.65+0.01°
e Z ERCys 0.68+0.02°  0.77+0.02° 1.03+0.01°
y
B A B Tyr 2.80£0.01°  2.98+£0.03° 2.92+0.03°
- f R Tau 0.36£0.01°  0.47+0.01° 0.54+0.01°
TAA 69.51£0.15" 72.96+0.21° 73.76+0.17°
EAA 33.7240.09° 35.67+0.14° 35.91+0.09°
NEAA 35.78+0.07° 37.29+0.10° 37.85:0.08°
EAA/TAA (%)  48.52+0.05" 48.89+0.07" 48.69+0.03"
EAA/NEAA (%)  94.24+0.18" 95.64+0.26" 94.88+0.12°

AR 3 ZE 5 (P<0.05). TR TFRRAIER T, HKHAH L
AR AR, REARTERES T HMHA
(P<0.05); LKH. HKHZH 75 H % B ARG =R
B E T AR (P<0.05), HF 4 2 18] 6 & 3%
PEZE F(P>0.05) . B 2 B UR K AR VA N & 1) 38 o,
REEFY AP D EBRAL TR EERE
FFRI(P<0.05); 32 2 [ T B L R 5 SRR I L
K T40%, ¥ T AR AF 00 752 E W L E
KTF90%, HIYFELKHA 3 5 T X 8 4H.(P<0.05),
FoAth 9 41 2 8] TG I 3 14 22 53 (P>0.05) 6
3 g
3.1 ARPIARMBR K BT KE A A K
RE R 1A R FI A RS2

TEASZIG R TRDARE R R I 10% Bl MR 7K A4 B4R
Ry, TR T ORI M  E R A K
R, ERCRE . B ATBCR AR AR R, &
BB AR K fR TT DL ARES 23 by, FEER i R

A KB AR R . Cordova-MuruetaZe! s
TR 7K A 53 ) B AR R B3 % 9% FH15%,
CLR i bR A ook B, 6E B 28 B W R AT 7, 45 2R
R I [ Hofs i Bl A 7K A 47 4 7 9 19 S5 R 1 SR 8
BETHRE, FE R BN B R, XA R
—3k. Kousoulakis" "B} 7t 2 B B /K A4 7T LA IR
o K G A B ) R EE R R 1A R R L, TR A BRI A R
A, HEHZ AR EEER, XA RerET
FRH A BAR R (42d), A SEI0FR A B WA 108, &
PR R 0 T 0% B R 7K A 420 i 8 A2 3k K 33 BT (1)
K. FLLAREE SR GRDRL o VRN AR R B (R B
BB E A, TR SE L) 5, R BUREAR A B
£R20%—40% 11185 X5} K25 814 10 45 2 AR KRG B
F RN, X 5 ARSI 45 AN, AT REAE T BEAR K
IR S 2 N RRE R IR R, R T REE
B A K o ARSI = T AWK A F B IR LR
B, AE GRS I 5% 22 A IR K R £ R 1 RE RS 2
frtt et R R o [ PR A K TR
TEDRE RN N1 0% 35 5 i 7K P 10 7K At £ 28 1 D400 1)
Fap T RS R rp E R A, X S AR
6 45 R [R), AT REAE T BN K A M B T /K i A0 iR
1, & B B e W, T A e s b S R &
Y, AT SR W, AR AR B W T 2K R0
A AEF B . Taylor2s ™ K P VEREA AL KBy
Br(1—20 o)W 78 & B, #H EL T K G O fg, 1k
HH R I 2. 6% B T ik I BB 08 5 25 4 v K T A A A
Ko, E A S 7K - b 4k 452 18 fin i R K AR A 1)
ISR A RE R K SE B A K Rl — 2B 9T

5% B FE 2R BH, AN [ AL EE R A 48] A A2 3t
i KB, R R R Y, B ARSI,
X} FE L AR L, 7 0 S Yo AR 7K AR 0 o K 55 B 1) 5% &
SRIG A F5 E R TT VR 0 1 0% B 7K A 47 D S5 2 B
R ZEOT IR A% . Kousoulaki®s" e B MR /K B4
T B FE R X K VG A R ATE ST R B, TN 19% AT
38%MEIF KA T HIE R LR EEER, X
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EFFECTS OF DIETARY KRILL HYDROLYSATES ON GROWTH PERFORMANCE,
BODY COMPOSITION AND RELATED ENZYME ACTIVITIES OF JUVENILE
TURBOT (SCOPHTHALMUS MAXIMUS L.)

ZHANG Li-Li"? LIANG Meng-Qing', XU Hou-Guo', LIU Xi"” and ZHENG Ke-Ke'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Shanghai Ocean University, Shanghai 201306, China)

Abstract: The current study investigated the effects of dietary krill hydrolysates on growth performance, body compo-
sition and related enzyme activities of juvenile turbot (Scophthalmus maximus L.) with a 10-week feeding trial using in-
door flowing-through seawater system. Three isonitrogenous and isolipidic diets were formulated to contain 0
(Control), 5% (LKH), 10% (HKH) krill hydrolysates for substitution of fish meal protein in basal diet that includes 30%
fish meal, respectively. The results showed that the specific growth rate (SGR), feed efficiency rate (FE), protein effi-
ciency ratio (PER) and protein productive value (PPV) in HKH group were significantly higher than those in the con-
trol group, but the feed intake (FI) was significantly lower than that of the control group. HKH supplementation had
significantly higher whole-body moisture, whole-body crude protein contents and whole-body lipid contents than those
in the control group (P<0.05). Both LKH and HKH groups significantly enhanced the muscle total amino acids con-
tents and essential amino acids content compared with control group (P<0.05). Compared with the control group, both
LKH and HKH significantly induced glutamic oxalacetic transaminase (GOT) activities in liver but not GOT activities
in serum. HKH group showed the highest glutamic-pyruvic transaminase (GPT) activities in liver and the lowest GPT
activities in serum. HKH group significantly increased amylase activity in intestines. The increasing amount of krill hy-
drolysates supplied in diet first decreased and then increased trypsin activities in pyloric caecum and intestines, and
HKH group had significantly higher trypsin activities in pyloric caecum and intestines than those in the control group.
In conclusion, 10% krill hydrolysates supplementation in diets could promote growth performance, amino acid meta-
bolism as well as digestion and absorption of juvenile turbot.

Key words: Krill hydrolysates; Turbot; Growth; Glutamic-pyruvic transaminase; Glutamic oxalacetic transaminase;
Digestive enzymes





