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264006,

HE S ITR B SR AR T 0(T0). 10%(T10). 20%(T20). 30%(T30). 40%(T40).
50%(T50) 8y & 4, Fe il 6 b4 A fb W AR, B R 1AR P B AR BR ST B R D XT3k B I 7 BE & 4
fAEKME, RAK, WREMIER, MALEERARGNYE ., RHWHEHE X (57.80£0.28) g
W E BB E L £ 360 B, Mblokh 64, BA3ANEL, RBEAMA S6d, £ERE T, (1)T30
M ER BEAKRMBEARNEEE T TO 4(P<0.05); %K EAT 20%H, 48K T 4K
EWHNELEFGT TO L(P<0.05); #HERAWARZH. BHE. Fhib, EAaR%E. &A
FUEMEE TO 48 8 F % 7(P>0.05), 2) &% RA2&flmAKs. Mgk . HAk2E&EE TO
4T F % F(P>0.05); T30 AALAME ARG ERZEE T TO 4(P<0.05), (3) &4l [8 fiF 4w
Al AEEAR LEA AELO BESARE HH - BAEEEREASELEE ZE RP>0.05);
TI0ARFEAEERZFRT TOAP<0.05); 4 RANRTEREGEELE® T TO 4(P<0.05).
(4) BEBTREREREENT T DA G4 4 & 7 Fo iF B o 4 Bt o Ik T S 10 4 B R o
7 A8 A Ak A % (LB B TE A (P<0.05), [ BE, B3 EAR T o e AT R B A E(P<0.05). (5) &4
MAREEHNETRAUEEUT, £AHNFHACEMESRMANATT AT, 24278 F

(P<0.05), HFREKMY, GFaETREKMER.
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b1 i B 2 LR 1Y VR G W) (Cordova-Muruetav ef al,
2002), 1 2o B AR vl LR B A s M/
R, TR A R E REDER A S
FEFEAE (LI et al, 2008; Zambonino Infante ef al, 1997).
HAl, XTRHE MR FEEhENYEA, 1
BREN . ABEA . ET R T TR ES, 21
FRTEFRFE I AR T B 1R (Cahu et al, 1999).
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BRWMEYZ —, HEEFREIE R, # &
Bk bR WO RS N — A s W R (A A,
2009), HH, KFEBEF(Euphausia pacifica)lF Rt
NG 2 | o K e N 4 2 S TN RS 15 o 1) P (o
R4, 2003), N THITFRBEIRE, AFHEHS R,
GFEIR it LU, A S AR Y, R — A A
A4 B2 PR (Hansen et al, 2010), BEYFR £ 0 B
WG, A S B RRR DI RR AR WG YRR, REGS
Xof A 18 £ R I R 7 A R ) 5

¥ 2k 6 B f1 Bt £ (Epinephelus  fuscoguttatusQ x
Epinephelus lanceolatul)3 J& i} H (Perciformes) ., iy
W H (Percoidei) . & F} (Serranodae) . 1 K )& (Epi-
nephelus), JE¥5 1A B4 (Epinephelus fuscoguttatus)
(faFx & JRBE) B ¥ 5 ey 1 BEfa (Epinephelus lanceo-
latu) (TR FRIENE G T2 5c 55 TR ok i i A, A PR Bk
TR AN G T IR BN 715 A0 R I AR R
P, R, HHRFe, mEERET.
HRT, A D3 i 26 1 AR 2 3R R IE A B 40 1 v F Y
(G 81 N A N33 7 A i 1 = AW i B 51
HXT2 g AR Ra k. mgEfl.
A Ak e B aRUsk B s e, LA Ay Tt A e AT A AE 22
TR e N8 A B £ 2Jy £ GRpRL A Y IR BRI 2%

1 #wREFE
1.1 fAREE

T2 560 ] e 8 AU A3 S P PE BRI A SR T DL 2%
BRI G 7E S0°C VENR L 1+ 4 550 T H 2% R
PG A A PERE RS S h, IR T HRE, R Al
WA o Fir F TR 2R 1 i I A /e 7 AR TH AR T A= R
BRTTAT A A, WS 775007 4000 U/g., B IR R HL
BEHETEN 65.30%, HARI & &8 9.12%, &ilk F/K
fif E R 16.65% o B UF A I A Wl IR A 7 AR T) pH T =
AR TE R BT 1, A A L R 2
W 2,

PARy R G4 o R, Sl BRI
FH A5 % ot A Wl R A 0 3546 0(TO, X REZH) . 10%

Fk1 =SZBWAEREH
Tab.1 Trichloroacetic acid-soluble nitrogen
index(TCA-NSI)(%)

i H Ttems pH6.5 pH7.0 pH7.5 pHS8.0
WEURAY Krill meal 1490 15.02 16.50 17.64

Hydrolyzed krill meal

42.74  44.64 4522 4584

®2 EEBTHEERER

Tab.2 Amino acid composition of hydrolyzed krill meal

AR g AR G
Amino acid  Content(%) | Amino acid  Content(%)
AR Thr 2.39 MR Ala 3.16
KR Arg 3.36 H&m Gly 3.43
SR Leu 3.92 #E Glu 6.99

FSERIR e 2.69 22548 Ser 2.11
BT Val 2.97 g =R Tyr 2.52
AN His 1.24 Il Pro 2.81
WM Lys 4.02 EEm Oys 1.50

HKINATR Phe 236 | KA Asp 5.58
HAR Met 1.07

(T10). 20%(T20). 30%(T30). 40%(T40). 50%(T50)
it ks, Bl 6 A ASE AR DHLAR 1 O (54414
0.18)%, MAEH(20.42+0.12) kI/gIAikIGtaKl . FTA
M JERH g L 80 Hf, ZrHTE SR e, ARG AR
BeJr, PRECJFRHIBRY REIR G, A il
I 2R TRK RS 5], IR BEHT RN R A
20 4 mm (W RESCRL AR, 80°C LT 5 1 3m K T4
Wb o IR ARREC T BB SR A WL 3.

1.2 @apEREE

KT 2013 4F 10 H 18 H-12 A 13 HAEILAA
TV 55 S IR IR B AUF 5% e AR ik b 4 5 P K A 38 R B8
HEAT o RIS B AR SEMN IR K = BR A, IR
14 d J5iFA 75020 . SEBORARIAS] | ARBfet: | Ik
F1(57.80+0.28) g IS ER L ARG BE 360 2, BENL T M 6
M, BHHE 3 AT, BAFAT 20 B, S0 TR
M FRFEAR N (EAE 70 cm, 5 80 cm), #H7K A 50 cm
ZEAT o FRAHIR IS AR O K IR i R AT, SR R A 4,
PIEE AR T 7 mg/L, KM (26.5£0.5)°C, EhEN
23-26, pH & 7.8-8.0, WHiRA . A SF=EY/NT
0.1 mg/L iEHAE] , BRI MR PIR (08 : 00, 16 : 30),
H M 1.5%2% , M5 1 Ol S R A R o
W 30 min J5, MHEAK TR RIEHEL , 0k ak iR .
FIRI G 14 d, #4H 3 h iR, T-80C
TRAE, T HT.

1.3 H@mXRE

RIGLER G, MR 240, FREMAMEE, i
B R | ER WRLRE. A WA
FBEHLEC 10 B fa, JFREF(MS-222, 100 mg/kg))m, FRE .
SRR T I B AR A R BEAILIR 3 A
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Tab.3 Formulation and nutrient compositions of the experimental diets (%DM basis)

2l 1) Groups

i H Items

TO T10 T20 T30 T40 T50
J5 A} Ingredients
48} Fish meal 64 57.5 51 45 38.5 32
fiff i W5 MR Hydrolyzed krill meal 0 6.5 13 19 25.5 32
K G W4 8 1 Soybean protein concentrate 11 11 11 11 11 11
o -JEHR} a-starch 13.15 13.15 13.15 13.15 13.15 13.15
49 Fish oil 6.5 6.5 6.5 6.5 6.5 6.5
PiE AL Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
R — A 4% Ca(H,PO,), 1 1 1 1 1 1
A ZWUR K Vitamin premix” 2 2 2 2 2 2
4 R R H Mineral premix® 1 1 1 1 1 1
SALAERK Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
TH3% 0% Betaine 0.3 0.3 0.3 0.3 0.3 0.3
=R Cr,0, 0.5 0.5 0.5 0.5 0.5 0.5
41t Total 100 100 100 100 100 100
B FE4H i, Proximate composition®
L Crude protein 54.63 54.46 54.26 54.48 54.28 54.27
MBS Crude lipid 12.51 12.72 12.69 12.83 12.74 12.74
JK4Y Ash 13.29 13.33 13.49 13.32 13.18 13.19
JLHE Gross energy(kJ/g) 20.36 20.33 20.51 20.49 20.25 20.57

1) B T4 ZHRE D SE: VA38.0mg, oL EE 210.0 mg, JLEE 4000.0 mg, HilEZE 115.0 mg, #IEZE 380.0 mg,
ERERMEZ S 88.0 mg, VD; 13.2 mg, ZHR 368.0 mg, MR 1030.0 mg, A E 10.0 mg, M 20.0 mg, VB, 1.3 mg, #i
IRIMER 500.0 mg

2) BT Y RFIRE P &4 : NaCl 100.0 mg, KCI3020.5 mg, ZnSO4 7H,0 363.0 mg, C¢HsO-Fe-5H,0 1 523.0 mg,
CuS04-5H,0 8.0 mg, MgSO,-7H,0 3 568 mg, MnSO,4-4H,0 65.1 mg, KAI(SOy4), 11.3 mg, Na,Se0;2.3 mg, CoCl, 28.0 mg,
KI 7.5 mg, NaF 4.0 mg, NaH,PO4-2H,0 25 558.0 mg, FLER%S 15 978.0 mg

3) BRI S

1) A kilogram of vitamin premix provided the following ingredients: VA 38.0 mg, alpha-tocopherol 210.0 mg, inositol
4000.0 mg, thiamin 115.0 mg, riboflavin 380.0 mg, pyridoxine hydrochloride 88.0 mg, VD; 13.2 mg, pantothenic acid 368.0 mg,
nicotinic acid 1030.0 mg, biotin 10.0 mg, folic acid 20.0 mg, VB, 1.3 mg, ascorbic acid 500.0 mg

2) A kilogram of mineral premix provided the following ingredients: NaCl 100.0 mg, KCI 3020.5 mg, ZnSO,4-7H,0 363.0
mg, C¢HsO7Fe-5H,0 1 523.0 mg, CuSO4 5H,0 8.0 mg, MgSO,4-7H,0 3568 mg, MnSO,-4H,0 65.1 mg, KAI(SO,), 11.3 mg,
Na,Se03 2.3 mg, CoCl, 28.0 mg, KI 7.5 mg, NaF 4.0 mg, NaH,P04-2H,0 25558.0 mg, calcium lactate 15978.0 mg

3) Proximate composition were measured values

ek, Fam 7 BaREKIUL, T 4CHHT = (W=Wo)/Wox100%;
#E 4 h, 4000 r/min B0 15 min, B EIER T-70°CAE ¥ 8 A2 K (Specific growth rate, SGR, %/d)
FE, T MR AE AR E o BRI 43 25 N E . IR = (InWi~InW,)/d>x100%;
Wk, ARE AT AR AR ; FEBCEAL, T $% B % (Daily feed intake, DFI)
FUBLA AT o BT AT RE AR T—70°C KA, R, = [FI(W+W,))/2xdx100%;
Vi 2+ # 1 1
14 JUEiERRIS _;?j;%;ﬁgljeed conversion ratio, FCR)
141 A K#FEHFFTEAK iR (Protein efficiency ratio, PER)

4 % (Weight gain rate, WGR) = (W=Wo)/(F*P)x100%;
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HFA& H (Hepatosomatic index, HSI)
= JIFHENE /W x100%;

A He (Viscerosomatic index, VSI)
= NN/ W, x100%;

JIE 36 & (Condition factor, CF, g/cm?®)
= W/ *x100;

T4 % (Survival rate, SR)

= HUE RAU SRR E<100%:;

T W i £ W I fk R (Apparent digestibility
coefficient of dry matter, ADC of dry matter)

= (1-B1/B2) x100%;

A B £ W IE 1k R (Apparent  digestibility
coefficient of protein, ADC of protein)

— [1=(A1/42)/(B1/B2)] X100%.

Kb, wo M) ik dE (), w, il A gk
Hi(g), FHANEE TR E(), d AFRERE, P AIF
ROHEE & (g), A1, A2 43l Fs R 20 rhop
EHSE, Bl. B2 /3o BmZEfE T Crn0s &
H,

Tk FZE A o Cro05 Bt R AT 2R A e fE ]
FE(FEEA, 2000), FHAHERTEINFAGEAE T A&,
SR IG AR AL Cry0s, 1E 350 nm I Hu e, Bibr
HEFR Y Cr05 LA DT b SRR it 2, SRA%
e Cr0; F i
142 FARA  KWERM 105 CHEAEE
ey MR R &R ISR S8 1 T 5 MK 076 S 36
P 550 CHIBE 3 h, KRHEIENIE(AOAC, 2000), Hi
AR A DI (LECO, FP-528) A beik il
143 wiF AR AR T EN
% if#(Alanine aminotransferase, ALT). 4% & i
(Aspertate aminotransferase, AST) . L7 [ (Total protein,
TP). [ZE i (Albumin, ALB). Bd{4: w2 (Alkaline
phosphate, ALP), J&LJH [& ¥ (Cholesterol, CHOL), H
i =8 (Triacyglycerol, TG). &% & g & H A0 [& fE
(Jigh-density lipoprotein cholesterol, HDL-C). &% i
g & H AH [ B (Low-density lipoprotein cholesterol,
LDL-C) % & ¥R M H 32 A sl A= e Hr% (7020 B2, H
A H LM E, G & B 36 A & AR R
A PR T o MY I H 43 JDE kst 4504k ) 1 (Glut-
athione peroxidase, GSH-Px). #i % {b%y L fL i (Super-
oxide dismutase, SOD) . N _[if(Malondialdehyde, MDA)
KL% H PR & %((Blood urea nitrogen, BUN) & & 1%
FH B 50 A W TR BT A 7 ) A 7
144 A& EapwE g I E 1 GB/

T5009.18-2003 £ =& RIS T b £l B A I, R
PRI [ L2 ZPHCABRA R 702 BU5F 5
FE TR R

1.5 HIEFRIHS5HH

AR SPSS 17.0 BAF#HAT RN ZR T 2200
(One-Way ANOVA), 42257 I 2 (P<0.05)f, H] Duncan
KRBT 2 HE LK, FIF4 RV E bR fE 2=
(Mean=SD)HJIE AR o

2 R

2.1 EEMmEITHMEKREMMBHREEAHRENEE
K% BE R SR #HF A B =2 0

Tit e 58 MO A0 A AR X B2 2 e B A BE A %y £ 2
KPERE SRR R WL 36 4, R 4 FTLIE
W 5 Tt e AR R R AL, B4 EE R (WG R)FRaE AE K
R(SGR)E ST R R AA Y, T30 ¥ B E =T To 41
(P<0.05), T50 241 SGR B ELTF TO 41(P<0.05); T30
MW HAEEH(DFN W& = T TO 41(P<0.05); T30 4
Tkl R E(FCR) B F KT T50 £H(P<0.05), HAth44
W5 TO 2068 % 22 F(P>0.05); BT T10 41, HiAib
SR AL R R UL AL R ) (ADR) 3 KT TO 4
(P<0.05); T30 MW ECHEERKT TO H
(P>0.05); A LL(HSDFEE AR L 13 5 S 30 e
Ja B R %A, Hod T20 F1 T30 AR #E & T T50 4
(P<0.05), Hp#&41225% A 0 EP>0.05); &HHEK
F(PER) . 52 WL 1k 2 FEAR LL (VST A 32 it
WEAT A R AR ARy 520, 4541 R JC B3 25 57 (P>0.05),

2.2 EmBIMERERMBREBEAHENad
AENEFERBIZM

Tt e B8 AU A9 A A0 X 32 B e IR B £ 4 6 201
LURHVE TR L% 5. MRS TR, &
HafaryKsay . HEA. MY EES ToH TR
FE5(P>0.05), {HZE T30, T40 H4 K5 T20
4 25 5 1 3 (P<0.05). BEA BE AR BRI A (b LE ]
s, WUA AR A& e TR R REIG . o, T30
HWFEET TO 4 (P<0.05); WLAIKSY . HARHFIK
e TO 4122 5 A4 83 (P>0.05), {H/Z TS50 4K
O T T20 4H(P<0.05).

2.3 EMBITHERENNEBREEAREas AN
BENLH R

T it e 0T 3 A AU 6T 22 2R fe EL 6 £ 4 £ 1T
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Tab.4 Effects of partial substitute for fish meal by hydrolyzed krill meal on growth performance and
feed utilization in juvenile pearl gentian grouper

20 ) Groups

i H Items

TO T10 T20 T30 T40 T50
WIHAVKTE Initial body weight (g) 57.90£0.18  57.88+0.18  57.85:0.36  57.90+0.28  57.77+0.12  57.78+0.03
2R AATE Final body weight (g) 130.05+0.28" 130.41+4.2° 133.66+3.0° 139.124+3.21° 131.70+2.52° 121.38+6.33"
W H WGR (%) 125.000.76™ 127.65+6.15° 131.04+4.98*° 140.29+6.68° 128.00+4.66" 115.92+5.51°
F7 15 2R SR (%) 100+0.00 100£0.00  96.67+2.87  96.67+2.87  96.67+5.77 100+0.00
FEA K E SGR (%/d) 1.45+0.01°  1.4740.05°  1.50+0.04* 1.57+0.05°  1.47+0.04°° 1.32+0.09°
B R DFI (%/d) 0.97£0.00*  1.04£0.01*  1.03£0.05®  1.07+0.04°  1.04+0.04™  1.01+0.05"
Tkt =8 FCR 0.76£0.06  0.76£0.02%°  0.75£0.04®  0.74+£0.06"  0.77£0.02**  0.80+0.04°
EH TSR PER (%) 2.54+0.31 2.54+0.06  2.58+0.16  2.63+0.22  2.50+0.05  2.42+0.05

TRV ADC of dry matter (%) 78.85£0.24*  78.47+0.26°  80.05+0.36° 79.61+0.24> 79.36+0.22° 80.98+0.32¢
HEATRMIEILZE ADC of protein (%)  93.2240.29  93.24+0.20  93.44+0.24  93.17+0.41  93.19+0.38  93.62+0.18

NEHEEE CF (g/cm®) 4.03£0.14°  4.19+0.14®  4.23+0.09°® 4.40+0.12°  4.28+0.28"®  4.12+0.10%®
JFK L HST (%) 3.3140.24%  3.33+0.17°®  3.67£0.20°  3.75+0.32°  3.36+0.33®® 3.17£0.17%
AR L VST (%) 10.28+0.48  10.75+0.51  10.45+0.75  10.08+0.39  10.10£0.36  10.09+0.24

TE: R B AP AR E2E R (n=3), RAT B RAR A, /NG FRERIR 25 57 W35 (P<0.05), 4 [H
Notes: Values (Means+SD)(n=3) with different small letter superscripts mean significant difference (P<0.05). The same as
following tables

x5 HRETHERESNEREEEHESEFALENERANBZIT
Tab.5 Effects of partial substitute for fish meal by hydrolyzed krill meal on tissue proximate
composition of juvenile pearl gentian grouper (%)

2l 5] Groups

15 H Items

TO T10 T20 T30 T40 T50

41fi Whole body

JK43y Moisture 69.04+0.54 68.85+0.51 69.17+1.25 69.45+0.13 68.86+0.47 70.08+0.85
KL Crude protein ~ 17.96£0.09 18.21+0.28 18.06+0.23 17.91+0.20 18.26+0.81 17.97+0.31
HMIAEHS Crude lipid 7.88+0.81 8.18+0.63 8.12+0.31 7.69+0.23 8.12+0.96 7.57+0.85

K4 Ash 4.10+0.26™ 3.99+0.08% 3.74+0.23° 4.23+0.10° 4.17+0.37° 3.8140.11%

LA Dorsal muscle

/K43 Moisture 75.74+0.33 75.54+0.41 75.44+0.44 75.56+0.46 75.31+0.14 75.30+0.46
HE [ Crude protein  20.39+0.11°  20.53+0.03®  20.53+0.04®®  20.60+0.05°  20.52+0.07°®  20.41+0.10°
HMUIENT Crude lipid 2.44+0.16 2.43+0.23 2.40+0.21 2.294+0.10 2.2740.15 2.1840.17
MK 4Y Crude ash 1.24£0.05%°  1.24+0.03"  1.19£0.02° 1.224+0.04 1.26+0.03" 1.29+0.02°

EARIRR I E SR L 6. WK 6 ATLIE  41(P<0.05),

i, ARG P AST, ALT, TP, ALP, ALB g T L g W 7 35 T BE T .
FRRE AT B B 0, Sl :}fgg %;gﬁwwﬁm‘mﬁ@ﬁﬁ
T EZH(P>0.05), IiEH BUN Z2ERALETHE

a3, T30 418 EMET TO 41(P<0.05). 4 411 it i P A W A A X 22 R LA B0 40 £ B SR A A A
1 TG Fl HDL-C & 370 B E480(P>0.05), 5 To  sWMMELRILE 7. £ 7 /LA, T20 41
A, &BHImFE s LDL-C S EEA S 7 GSH-Px {ETEREE T TO 4(P<0.05), T20-T40
(P<0.05), T20-T50 ZHIfl%% CHO &R T 10 4lIfiiE SOD itk B & & T T0 41(P<0.05), HAh 4
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BREERNAF: A B IR A FEUB) X 2 BRI BB B fru 4 1 A PR RE L AL A 2 L 175 A A B 52 ) 105

5 T0 H 27 A B F(P>0.05); M+ MDA & &%
R HAA T i 2 S PR AIR S TRk, Hop T20, T30 4
BT TO 4H(P<0.05).

Wit %5 it A W O R R AC A0 K L B T, B A
GSH- Px JHPEZ Wi 12, T40., T50 4H W& T To 4
(P<0.05); #EAR4LAFNES SOD i&1ES To HEF AN
BE(P>0.05); MDA FEAEZENGI/NTET 40%
N, REWREIEE, S£ERA¥REIRT To
2H(P<0.05).

2.5 EEBITHMEBERaNXNEHEEAN&L &N

RANBEIRSENT

Tt fet Tl A 73 2 A 049 X 22 B e IR A 6 £ 4 6 UL
PR v LB B S I 2 R DL 3R 8. AR 8 W LU
i, BERRIRABE ALY, £ HR S EITE
APASI P BBl (1 mg/kg) AT o 1B % v A% 3R B i Bl o
SR R Ay B AR BB B A BRE A L 49 0 v i v, L
252 8] 2% 5 5 35 (P<0.05)

Fo EBEBTHEREMNBHREEAKRELSEMNEENERNZIE
Tab.6  Effects of partial substitute for fish meal by hydrolyzed krill meal on serum biochemical
parameters in juvenile pearl gentian grouper

i H Items

2H ) Groups

TO T10 T20 T30 T40 T50
B AST (U/L) 45.03+3.19  43.57+2.58  46.80+3.38  44.83+2.51 48.43+3.30  45.67+2.90
KR ERE ALT (U/L) 176.20+8.81  162.7+13.72 165.17+7.74 177.93+11.30 178.13+9.78 164.20+12.76
FR %%, BUN (mmol/L) 3.13£0.10°  3.04+0.18 2.94+0.12%° 2.81+0.16*  3.02+0.22"  3.07+0.15%
MIEH TP (g/L) 31.93+2.41  31.17£1.29  31.93+3.06 33.80+4.16 30.63£1.00  29.90+3.32
% ALB (g/L) 9.60+£0.26  8.83+0.64  9.70£0.35  9.90+£0.72  9.30:0.42  9.43%0.67
WAL B RR W ALP (U/L) 83.33£6.81  83.00+4.36 83.00+3.61  82.67+4.04 82.33+4.73  81.33+6.66
Hil =fi§ TG (mmol/L) 0.76£0.02  0.76£0.05  0.76£0.05  0.73+0.02  0.74+0.02  0.76+0.04
FHEEE CHO (mmol/L) 3.76+0.26°  4.69+0.54°  7.1240.61% 6.38+0.40°  7.09+0.82°  7.7240.65°
%2 BE Be 2 M IH [ BE LDL-C (mmol/L)  2.20+0.12°  3.21+0.33°  3.33+£0.19°  3.9740.24°  4.31+0.25°  4.19+0.35°
BRI JHE BE HDL-C (mmol/L)  2.03+0.10  2.08+£0.24  2.22+0.10  2.12+0.24  2.22+0.18  2.33+0.17

x7 WESBTHEREMNEBHREZEAEREY)EREUIERNZIT
Tab.7 Effects of partial substitute for fish meal by hydrolyzed krill meal on antioxidant capacity in
juvenile pearl gentian grouper

Ui H Items

25| Groups

TO T10

T20 T30 T40 T50

1ML Serum
A HEH Mt S Y GSH-Px/U

869.33+£39.20° 957.04+78.48% 978.44+31.25° 960.72+£69.60°" 882.79+56.41%° 872.66+32.11°
108.61+7.89"

98.37+7.65%
33.99+2.02°

104.56+6.35°
32.14+2.57%

105.86+8.13°

29.77£2.46*  29.53+0.80°

BIH L A LY GSH-PX/U  251.32+13.73% 254.32+14.56™ 270.03+9.94%° 273.34+12.96® 278.33+11.30° 307.58+16.56°

HBE LY L SOD (U/mL) 90.52+5.86°  95.90+7.44%
79 — /% MDA (nmol/mL) 33.63+2.22°  33.15+£1.11%
HFAE Liver

ALY LB SOD (U/mg prot)  85.5146.36  89.89+1.00
N & MDA (nmol/mg prot) 4.32+0.16° 3.64+0.04°

88.47+8.55
3.48+0.25%

92.66+7.23
3.37+0.11%

85.10+£6.00
2.97+0.11°

82.37+2.88
3.18+0.25%

RS BEBTHERENNBREBRANESHERZBNII
Tab.8 Effects of partial substitute for fish meal by hydrolyzed krill meal on fluoride concentrations in
juvenile pearl gentian grouper

2 %] Groups

i H Items
TO T10 T20 T30 T40 T50
LA Dorsal muscle(mg/kg) * * * * * "
B ¥ Vertebral bone(mg/kg)  74.55+2.86"  90.49+4.47°  135.40+7.13° 202.97+5.98' 257.55+6.85° 354.14+9.02f

FRARKL Y, R B Y AT R R A 1 mg/kg

*: Not-detected. The detection limit of the fluoride was 1 mg/kg
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K BE TR M

AR oK, W R 2R 30% ks, Al
VLB 4 S 2 2k e IR B fa 4 1  WGR Rl SGR, %
THRE A K AES R AERKIENC S/ A
o VFEEFQOINFIFEERY, AR 0.05%.
0.15% . 0.20% H) i fift /> 22 £ 11 BE 32 = JL 94 75 X AR
(Penaeus vannamei)lt] WGR Fl SGR; C.HWIIEERM,
TEDRE A 20 3 DL 1.5% .« 3.0% Fo A FF 4 B i 28 11 fn
2.5% TR0 iR A 1 A e AR R AR b AR R R RN
M, TR Carassius auratus gibelio)) WGR Fl SGR
T = R SO A, 2006, 2007) o 7E ELEH (Pagrosomus
major) 41 (0 ek i LTk AT ik A ) R A AT R 2R 4R 10%
M faky, felE RS EMY A SGR, P IEM
(Oreochromis niloticus)®&| ™ ih Y ARG 10% a8,
W fE B PB4 0 1) SGR(Bui et al, 2014), 78 JLYAEE
Xof U G pk i AR MR A A R 1 R A K A AR 1 43 ) R A
BRI EE Y 3%, 9%. 15%. 4iRiER, 4 54 d
TRIR S5, A5 BRI 7K A B 1 R e K i B 1 R A LA X
MR BT BRZH (Cordova-Muruetav et al, 2002), 1E
ity fifp AU B R A B 20%-60% I, A i
(Cyprinus carpiovar) KA BEW R, S LLH]
15 100% Bif A= 4 D) fi8 I X B2 (1 X, 2006)",

il it AR 0T K AR AR AR AR R AE R PT R S L
BT /D IR B 2 R AT G . A, RS
(B AR AT L pH N 6.5-8.0 I, =S Z BRI TER
B BVAY 42.74%45.84%, BRI 2.60-2.97 £,
BEERN 16.45%. —RALRTIEERFEREE 4 4
FFEMR LR /N K (Greenberg et al, 1979), ZILEHL
iU 5 %) A R R R I R g 1Y) 22 2 (Nissen, 1985), B1L
A AL IR I R, & AR = P LA/ NIR I
AWM, Sk, MKEAFE
REAIN . MRS BEPR . AR G R RN SE LA, NIk fg
WD IR Z M RS HTE T, (e s B2 1 R s O 4
85,2010), {HAZ, fRDRE b i A o = m] X 2 Y
HERKARREW, AHEES L (Sparus aurata)/i
B, DABGHRBE AR 1 53 B 50% . 100% Sl 2
SIS S A o N5 S = Al A A (1[5 2 = T  2
(Kolkovski et al, 2000), Carvalho %5 (2004)fff 57 = HH ,
TE — 7 30 il PN TG fige % A 1 R A 2 1 m) i £

(Cyprinus carpio)thfad K, BACE KT 25% B, N
X HAE KA FURSENT . ARTSETE TS0 4 WGR il SGR
WEALT T20. T30 4. 7EXF 42 i (Rachycentron
canadum)ME W5 R B, A5 H K EY B A
51% HAERK TR, BEMRTEIC17%M 34% H (%
55, 2010), SAMFEERARML . BAQ LGS S AR T
AR A, AR A R BT h i R AR . 2
JIR K38 R G W0 L B4, IO [R]ZE, ffiix s
BRYBREHEL RS D £ 50K Hevroy e al,
2005), Ji4b, i B RS A AR 5 R Y 1 e Bk S
iz ML b 0 5 4 A ) oA X 35 5 4 5T 1 I
(Plakas et al, 1981), /~[m] i £ 1 8RSl B N
TRIE], T REAE PR A BRI T A ok U5 N it i 2%
1 S5 AN [ i A AR 1 A 2 R R N A W 3 P K
5 AN 6] I 20 (Klompong et al, 2009).

ARBFGEEE R R, U E ff BEAR AT BY T = 2
e Ba BEtagh B A, —J7 i, B Th A B &
A F R AKEEY R, AR . AR . A
1% . HREMME A, fefd s imetnd o, BA
B i A2 45 £/ 1 (Shinizu et al, 1990; = IH%, 2012),
FaE R, fEEEY | P68 (Sparus macrocephalus). H
A b (Anguilla japonica){mlFhH TS 1INl Ry 32 fiff
BB E T} 5 (Shinizu et al, 1990; Ibrahim et al, 1984),
T3 —J7 T, B G T 7 A 1) 2 R TR 5 N S
KA S WA R B E I (S 3#E5E, 2008), 7E4 1
(Lates calcarifer) a4k v 23 5] A FH il ik €6 493 2 11 R
B iR A, BR A9 B AS [R) R B2 4 = (Kolkovski
et al, 2000) , 76 K VG ¥ (Salmo salar)(mE (8 F fa il
R, WREHE & HAR & & (Refstie ef al, 2004), AHfF
i, BRI SR KT 20% B, fRDRH 9
()2 UTH A 28 3 1R R, 28 WA IRE 00 6] ol g ol A Ay
B DR A R Lt RS2 e AR
(19 /N3 28 SRR A T 7K 77 3l R ek i)
M (#7755, 2008).

ARAFTEIE 30% 094G LU T TR R B IR, 251
R, MEBILEI S, R RETHE, &
P B350 R AT o 2 Tl A 8 A A A f Ry X 2 B e JIE
ABEOTER R EARACE . A RIIE RN
WA i, AT WAEIZ MRS A, BBk e IH A 5
£ 4y 0T Tl ik s A R 2 1 B Y T AR R S ok e
2R L5 BT, BB ARk X2 R R IR A 5 A A
KPR HEAE AT, 3220 o 4 vay A0 2 3 R0 AT R

1) A% 5C. Tl 2 F1 0l i 3 2 RE R G 05 3 RS20 01 AR R~ AL F 5 A~ 638 5, 2006
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BRI 33 ERBMOTHMEREMNBREERHEEM

FERAR L BN 30% A A6 B B i B i, T DL
i Wi SR A B T R 22 BR R RE A B £ 4 £ 0 TR RIR
Olo AR, B IR R Ok R A2 £ e i Y
W (R A5, 2012), SAMIRRES R —8, MHEBR
O, AR RET SRR R, 5
WGR Fll SGR ZEA L% —H, X 7] GeJ K fa iR s
ARG LRI R RS R 48 (2012) 58 K3,
£ 20 18 IR Lo AT DA by K 30 R 3 5% O AR
JRAHRFR, 5 A R A — 2 Vo RN 2 E ARG

it i s A R 5 ARG 2 A £ 0 X B2 R M B A B £
sy KA RIER . WAERKYERERE , WfEuEIT
AT AR 10%—40% 10 foky , 47 AR L il o
30%.

32 EmEBITMERENNEZREEAGRELNEE
B 5 B RN

P R A 2R 5 B i sh i ALl Jf-RE
i R Bsf Sy A R R S TR R AR 43, 2SR 41 41
A EIARE, FE—E R b e T 2 R
H RS R 0 R RE B R I O (2 4%, 2009), A<
WEIESRATT Tl Ak A AR A 2 A ARy X B2 B e I A B £
it R 7K 5 L R . ORI D FORLR 43 25 1 G
FR U R A T A B Bk e I A B
A IE A TE B EDRL A3 ) AR R A . G
it SR A3 R 27 S R R o A ) 2 AR R AR 10%0
oy, XTESRAARRN TP HEE . BRURK S
YT &5 (Bui et al, 2014); 75 KZZBE(Scophthalmus
maximus) RN 5% . 15% ., 25% MK EEH, XF
HARIYK S . R L BRIV R ot JC 35 52 e
(Oliva-teles et al, 1999), X LEIF57E 25 FAIA 57 24
— 3, AW, B Ie A B LR S RS TR
— BB A BT E AT RE R R R AR AR 2
fife 7= A= e B R R . DIKGE, M S S EART
BH, P T AR R I R, (R TR
4 WSO REE R P AR TR . LR s 7 2 i B il
AR AR L T 2 A 34, SRy 7E i
(Salmo gairdneri)(Yoshitomi et al, 2006)F1 ¥t & 8
(Seriola lalandi)(Yoshitomi et al, 2012)WF 75 45 R —34,
XA RESE TR AN E R SR FE LT R, o
AR LT B — M A A e T AR b, Mioe 2R
WX R 7 1 CARELA I R A T (E PR35, 2013), i
il 7 HE /N IR BE BEL A EE AR WG WSO s, AR a2 i I 14
i (Drevon, 2005),

BEN IR R

2 VR A AR AR TE — R b R 1 gk
A BRAME R O o A WA 2Bl . A T e 2 Bl T AT
TS, FEEARAE SR A EZEN DN E
o TERGOUT MU rh A B 2l . 2 N 5 2 il 2 it
ARA, > 2H 2 40 A 52 400 4 o F5 30 385 1k 3 hn s 4 i I 3
B, Ao REIEAMW, I A5G, 5N
TS TR TR, BRI, IR HP X T e T s
i HFIIE 45 05 1% B (Nyblom et al, 2004), AHf5eH, %
A AR 221 S TO 2H M1 v 43 B0 = A
A TN 2l T P B 2 5, U P AR B AR ) R A
WA TR AR 40, v SR . A A RIR
R A i S WS R N B AR 8 A
I3 H S 2 R R e U R B B g SR
UK, (e A& U A TTR, THIRE A
85 SR N E TR S R R 2 A
F(Baldi et al, 1999; Kanjanapruthipong, 1998). 7t B i
BRARB R AR LBl 30% B, PR A& & R,
AJ DLAE — 5 70 ] A T Al AR A0 ] D BRI R PR 1 HE
NNNTE Y =Dk g & Wpid ok )= PN ey apataei )i N
EEE AT, WM. 4E2E R D FIER A Uk,
I H ik =R R S A EE B A Ay, A A
2 S WA P B 7 AR 0 Y B AR A o A ST A AR
71N, TR WA AT A A A3 ol 22 B e LA B 2 1L 7 s
JUEL T P i B v, TN Y R AT A
X5 VA5 (201 0) 78 75 8 £ AfE £ fRDR) b U £ 28 1 7K
Y AR ARy, JHL R IR [ e T e RUAS B 5 B 45
R—F

34 MHBBITHERENNEHRELBAREY)EHR
BRI

A5 W H R ST 4y T R 4R 1k 9 0 A il S £ 1
P BT A AR S , A8 e IR 4A0 Ak 0 il R 4 Al
JERF 2 e K, T B A0 AR e R e A ) SR AR A
FG B E A, LA B 40 R0 20 B A 60 37 S Ak 4145
(Ferrari et al, 2007) . & 84447 15 Ak XA A 375 B3 8 4
BB 7 B eh 5 A H T A oy i A AR
(Fattman et al, 2003), N gt S b=y, H
S nl M HLR AN B 7 ARG R . A SR
o, BRI AL 20%—40% ROk, 2RI
A BRE A0 4 £ 17 R A S A A A e TS P S T A
BEARELA R 20% 1 30%H, M7/ P 3G 1 2 25 RRAIK
BAR LB 10%-30%FF, AL iR Sk s Ah At
AT, SRR T 4 4 B SRR AR,
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L35 LR AU o 23 B T ok 420 1 0 il 0% i 4 0 A R
20%F1 40%—50% B A7 kb 25 T im, T DLt A i R A7
B F ok 35 22 Bk B 6 B 4 £ B B B ALRE T, PR PHL
b il o SE AL B4 o A3 B H K SR AL M B AL
P T 26 75 B DR A B H R (R 1%, 2008), B
IR 2 B T e SR m A B H IR S 1, AT R
IO H ks A Bl R A BT R AR o BRI A 5 B-
R NE L INEE, Waik iRk aE e & E
BMER, o, IR REARAKMERA B R
M PR S ARIBE ST, R—FhRIRIPTEILR, Piéafk
PRI AR R BRIAE, 2010, EH M4, 2012),
IV o AT s = e M= R E e B B e R e (2
FHIEYERR , Xt A b HLRE = 2E 52 m , JnAkF
SRR A RET TR At 26 F A8 00 35 i 1o S 7 R B Y R AR
A0 4 I8 A Bl 1 O SO S, 2007), 3 AR T K i
A 35 R i O O 8 R (R BT AL RE T (R AR A
2012),

F A I 1L 38 0 Hh B A S A T L R A
WRRR AR 20%—40% 1 k3 X 22 2k 8 I A7 B fa 40 £ 1)
PrE e AR VER,, AR ARG, M
IR RS 10%-50%%F B2 Bk o IH A7 B 8. %)) £ A BT
AALTERETCAS R EEI

35 EMEIMERENNEREEARESER
BRI
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Effects of the Partial Substitute for Fish Meal by Hydrolyzed
Krill Meal on Growth Performance, the Body Composition and the Serum
Biochemical Prameters of Juvenile Pearl Gentian Grouper

WEI Jiali'?, WANG Jiying®", SONG Zhidong>*, HUANG Yu'?, SUN Yongzhi’, ZHANG Limin’

(1. College of Fisheries and Life Science,Shanghai Ocean University,Shanghai 201306; 2. Shandong Marine Resourse and
Environment Research Institute, Yantai 264006, 3. Shandong Shengsuo Aquatic Feed Institute Center, Yantai 265500)

Abstract In this study we investigated the effects of hydrolyzed krill meal on the physiological traits
of the juvenile pearl gentian grouper (Epinephelus fuscoguttatusQxEpinephelus lanceolatud), which
included the growth, the body composition, the serum biochemical parameters, the antioxidant capacity
and the fluoride retention. Six isonitrogenous and isoenergetic diets were formulated, in which the fish
meal protein was replaced by hydrolyzed krill meal with the following proportions: 0 (T0), 10% (T10),
20% (T20), 30% (T30), 40% (T40), and 50% (T50). Three hundred and sixty juvenile pearl gentian
groupers [initial weight (57.80+0.28) g] were randomly divided into 6 groups, and in each group there
were 3 replicates. The experiment lasted for 56 d. The results were described as below: 1) The weight gain
rate, the specific growth rate and the feed intake rate in the T30 group were significantly higher than those
in the TO group (P<0.05). For the groups in which the substitution percentages were higher than 20%, the
apparent digestibility coefficient for the dry matter was significantly higher than that in the TO group
(P<0.05). There were no significant differences in the feed conversion ratio, the condition factor, the
protein efficiency ratio, the apparent digestibility coefficient of protein and the hepatosomatic index
between the substitution groups and the TO group (P>0.05). 2) In the whole body and the dorsal muscles,
there was no significant difference in the moisture, the crude lipid and the ash contents between the
substitution groups and the TO group (P>0.05). In the dorsal muscles, the T30 group had significantly
higher level of crude protein than the TO group (P<0.05). 3) No significant differences were found in the
serum aspertate aminotransferase, the alanine aminotransferase, the total protein, albumin, alkaline
phosphate, triacyglycerol and the content of high-density lipoprotein cholesterol among all groups
(P>0.05). The content of the blood urea nitrogen in the T30 group was significantly lower than that in the
TO group (P<0.05). The content of low-density lipoprotein cholesterol in the substitution groups were
significantly higher than that in the TO group (P<0.05). The contents of cholesterol in all substitution
groups but T10 were significantly higher than that in the TO group (P<0.05). 4) Hydrolyzed krill meal
significantly increased the activity of glutathione peroxidase (GSH-Px) in the serum and the liver, and
enhanced the activity of superoxide dismutase (SOD) in the serum (P<0.05); whereas the level of
malondialdehyde (MDA) in the serum and the liver was significantly decreased (P<0.05). 5) In all the
groups, the fluoride contents in the dorsal muscles were undetectable. In the vertebral bone, the fluoride
content was significantly increased along with the increase in the substitution proportion. Under our
experimental conditions, hydrolyzed krill meal could replace the fish meal by lower than 40% in the diet.
According to the physiological parameters observed in the experiments, we recommended that the optimal
substitution proportion should be 30%.

Key words Hydrolyzed krill meal; Fish meal substitution; Pearl gentian grouper; Growth performance;
Serum biochemical parameters
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