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morhua)(Karlsen et al, 2006; Tibbetts et al, 2011)1J 4=
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PR = i 2 —, BB w0 & T o (8 (v AR A
2006) o I B Bt AR A 2 F AR R B B AR S ) P i
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Tab.1 Formula and nutrient composition of the experimental diets(dry matter, %)
. TRLRE R e B R Ry B AR fa 8 B2 1 Diet/Skimmed krill meal level
J58E Ingredients

RO R10 R20 R30 R40 R50 R100
15 Fish meal' 75.00 67.50 60.00 52.50 45.00 37.50 0.00
BN BE MR #Y Skimmed krill meal® 0.00 6.33 12.66 18.99 25.32 31.66 63.31
& A%y High-gluten flour 8.00 8.00 8.00 8.00 8.00 8.00 8.00
431l Fish oil 425 4.50 4.75 5.00 5.25 5.50 6.80
FiIRH Premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B ILLF4EZE Carboxymethyl cellulose 2.00 2.00 2.00 2.00 2.00 2.00 2.00
T S 2T 4k 2 Microcrystalline 7.20 8.12 9.04 9.96 10.88 11.79 16.34
/1§ Phospholipid 1.00 1.00 1.00 1.00 1.00 1.00 1.00
JHF§ Choline 0.50 0.50 0.50 0.50 0.50 0.50 0.50
iR — 245 Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00 1.00 1.00
WA ALF(TBHQ) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
411 Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

5353 1 Proximate composition
HLZE 4 Crude protein 50.06 50.06 50.06 50.06 50.06 50.06 50.06
HFLIEI Crude lipid 8.01 8.01 8.00 8.00 8.00 8.00 7.99
K43 Crude ash 18.69 19.49 17.97 18.33 15.56 14.66 12.22

1. HEH 65%, HED 5%
2. MEH 77%, HIEW 2%

3: 4EEZ A375000 IU/kg, 4E4EZ D; 75000 IU/kg, 4E4EZ E 3000 mg/kg, #EA: % K; 900 mg/kg, 4E4EZ B 600 mg/kg,
Ytk R B, 600 mg/kg, 4E4E Bg 600 mg/kg, 4ELE R B, 3.7 mg/kg, D-1Z R4S 2400 mg/ke, MMM 4500 mg/kg, MR
185 mg/kg, D-AEHZ 7.5 mg/kg, HUEE 3000 mg/kg, 4EA:2 C 10500 mg/kg, HF 1750 mg/kg, %% 1050 mg/kg, 4 410 mg/ke,
#1150 mg/kg, %5 60 mg/kg, Ml 50 mg/kg, i 15 mg/kg

1: Crude protein 65%, Crude lipid 5%
2: Crude protein 77%, Crude lipid 2%

3: V4 375000 IU/kg, Vps 75000 IU/kg, Vg 3000 mg/kg, Vis 900 mg/kg, Vi, 600 mg/kg, Vg, 600 mg/kg, Vgs 600 mg/kg, Vs
3.7 mg/kg, Calcium pantothenate 2400 mg/kg, Nicotinic acid amines 4500 mg/kg, Folic acid 185 mg/kg, Biotin 7.5 mg/kg,
Inositol 3000 mg/kg, Ve 10500 mg/kg, Zn 1750 mg/kg, Mn 1050 mg/kg, Cu 410 mg/kg, Fe 1150 mg/kg, Co 60 mg/kg, I,

50 mg/kg, Se 15 mg/kg
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35, WiR%ACH 5-6 mg/L, Ji/KFRI . SLHM 2016 4F
7H 16 HEF£EE 9 H 12 H, I8 A, BRINEH
M1k, 40 30 min J5 {0 AT WA MR, HET
FREE, BRICEHEEE.,

1.3 HRlESHH

SLEREE A, SRR LR A YU 24 h, JEXTH
Mg TR, FREL, TRARBENLIR 3 B, H 1%I1
FFEREEN R, Bk, Mg iGiEmcE 4 h,
4000 r/min £.0> 10 min, R MLTERE Ao 4355 19 1L
JF R H (Total protein, TP), 4 ¥%% 2 i (Glutamic-
oxaloacetic transaminase, GOT)FI4F N 4% 2 fiff(Glutamic-
pyruvic transaminase, GPT) . iR BRI Acid phosphatase,
ACP) ., WiV B B2 i (Alkaline phosphatase, AKP) il i
F AW fL i (Total superoxide dismutase, SOD){%
AN 5E , 43 B3 I T ACP . AKP 1 SOD 9l 7E .
TEPEHRE ffh 105°C L5 2R FHPIL G 8 ZUE IS ML 28R 1
12 (VELP, UDK-142 automatic distillation unit, =K
Fily 5 R FH 2 TRABR 72 CF T Tk Sk e 4428 80 I A5 R 7
H(FOSS A5 SOXTEC-2050, Hitdlt); H5HfE 5
LI (S50C)F ke 6 h WA K& . IiEH
TP, GOT. GPT. ACP. AKP Fl SOD %5l i
YR R R A ) T AR I R A A 1R

TR E A2 K & (Specific growth rate, SGR, %/d)=
(In SEH AR A& A AP B AHE-In S5w) 4 4 7K
H)/SRFH K E<100

1% Z (Survival rate, SR, %)=2E %A 44K~ 4/
SEERA) AR %< 100

TARI % (Feed efficiency ratio, FER, %)=/ &
/A S A< 100

B 3R (Protein efficiency ratio, PER, %)=
S () S AR oM R S ) > 100

1.4 HIEST

S BOE R ] Excel 2010 F1 SPSS 17.0 # {47
By, BE 255 WM R Duncan's #E47 £
P, WEKFEHN P<0.05, KdE LI (E s fEiR
(Mean+=SE) % /R .

2 #R

2.1 BRAEWEAN X (Bl BE 2 R 4 £ 4 K 1 RE AN R AL A
A

JI58 M A oy o [BR) BE A 88 )y A K 4 BB R )
ML 2, ME 2 ATLUEH, R10-R50 416
SGR. SR #il FER I AHFE R EH, 5 RO HAHII
OG22 5 (P>0.05) , {H 1 2 55 T R100 4 (P<0.05).
R10-R50 #1 ¥ PER F1 RO 20 i #1425 7 (P>0.05),
{H R100 41 %) PER & Z KT RO 41 (P<0.05),

22 MilsEiMMH N EHERNEFHRERENN

=AU

JI5E Bl Tt AR o) (3] B L 0 4 e S R S T Y
LR 3, K 3 ATLIE T, R10-R20 ZHA1 R100
M H Y ACP 2355 T RO 41(P<0.05). Bik R20 41
F RO H A 2 540, HoAth 45 2H 13 i) AKP 3 3 2
=T RO 41(P<0.05), IfiliEH 19 SOD 5 ACP fil AKP
A, SAAESE, R10 H5XF B4 RO HEA W
EEEFP>0.05), HMAHHEEFEMT RO 4
(P<0.05), IFEH ACP #il AKP %4 W] i 1%, R10
ZH ) HFAIE ACP 2.3 5 T RO 41(P<0.05), R30 4, R40
4 F RI100 ZHATHE AKP 5 RO HZESA R FH
(P>0.05),R50 44 i IE H SOD . 2 7 T~ RO £H (P<0.05),
HoAth 45 A M)A 35 1 22 5% (P>0.05).

&2 MEEBHAN XY E BT 28R 4h £ A KM REFN IR AL A B R0

Tab.2 Effects of dietary skimmed krill meal on the growth performance and feed utilization of juvenile spotted halibut

#H %] Groups HEAKZE SGR (%/d)

5% SR(%)

TR FER(%) E AR PER(%)

RO 1.47+0.07° 96.66+3.33" 87.06+1.33" 1.74+0.03%
R10 1.39+0.17° 98.33+1.66° 84.60+9.34° 1.5940.09"
R20 1.5040.08° 98.33+1.66° 88.33+1.01° 1.76+0.02%°
R30 1.5040.09 98.33+1.66" 85.22+3.79* 1.70+0.08%°
R40 1.3040.14 95.00+5.00° 75.36£14.26 1.8140.08"
R50 1.310.15 98.33+1.66" 78.43£10.71° 1.76+0.03%
R100 0.57+0.32° 53.33+28.03° 19.94+10.42° 0.60+0.06°

0. FAHHE 7R EARERR2ZRA R E(P>0.05), AFE EAATFRFRR 2R B E(P<0.05), FE[F

Note: The same superscript within the same column indicated no significant difference (P>0.05), the different superscript

letters indicated significant difference (P<0.05). The same as below
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Tab.3 Effects of dietary skimmed krill meal on non-specific immunity of juvenile spotted halibut

o Il Serum I Liver

G’iﬁis FRPERE R ACP B I: R EF AKP SOD FRVEWSRAE ACP  BRIEBEFREG AKP SOD

(& RHEA/100 ml) (£ K HL7/100 ml) (U/ml) (&R /g prot) (4 [KH{iL/g prot) (U/mg prot)
RO 1.90+0.46° 0.41+0.09¢ 11.1940.15"  369.24+52.33° 32.95+4.11° 95.37+3.97°
R10 3.55+0.11° 0.82+0.15° 11.55+0.37°  457.55+30.85° 22.89+2.04%¢ 76.93+1.02°
R20 6.40+0.16° 0.76+0.05%¢ 9.22+0.20°  199.0248.37° 23.39+1.14%¢ 77.13+£3.28°
R30 2.05+0.07% 0.82+0.15° 7.33£0.27°  257.26+3.12% 28.62+1.18% 83.04+2.45°
R40 2.56+0.15% 1.7240.19° 10.1240.23°  325.04+5.00 34.59+1.25° 85.74+2.19°
R50 1.30+0.05" 1.01£0.05° 8.21+0.72°  314.17+16.83" 20.84+1.68¢ 154.75+33.15°
R100 2.99+0.09% 5.75+0.07° 7.20£0.06°  268.10+17.75% 29.43+1.96% 86.28+0.77°

2.3 FiBEEEAN XY B B 2 8k 4) & M iF A BB KR iR

% il

U6 il A A o) (B R B il 4 0 1L 9 A BRAC R A
B L% 4, & 4 iR, g TP 2 5eH
KIG /N3, R10-R50 4113 TP #1535 T RO
20 (P<0.05), R100 215 RO 4117 TP %A W &M%
5(P>0.05), M7 A GPT Fl GOT 4[] 2% F R %
(P>0.05),

x4 BEBHTHNERESRSE
1 i 4 3B A FE AR HY 8
Tab.4 Effects of dietary skimmed krill meal on serum
physiological metabolism indices of juvenile spotted halibut

e RN HBIRFEE AR
Groups TP(g/L) GPT(U/L)  GOT(U/L)
RO 15.66+0.10° 2.15+0.35 2.1620.47
R10 20.84+0.53" 3.13+£0.53 2.71+0.45
R20 21.69£0.23° 2.59+0.73 2.03£1.65
R30 18.57+1.05° 2.07+0.95 2.75+0.70
R40 19.01+0.04° 2.36+0.53 3.33+0.04
R50 18.94+0.30° 1.55+0.75 3.36+1.26
R100 16.11+0.26° 3.11+1.20 3.56+1.23
3 iTig
3.1 Bt RS WEAT 9 Xt (B BE 2 R 4h & A K AR LR A B
=

ARG, BIRBEARR AR 10%-30% A 8 1
M8, H SGR. SR I FER 55X HE4H RO A EL,
HAFRF, WA REEZES . Bir, FEEXT 205
WU RS FE K 7= Sl v 0L FH AR o P A Bl O 4 R A
R0, 10%. 20%. 30%M il B 4 4LiRDBHE IR
POVEeEE 12 J8, ST 4] 55 X HR 4 6 18 F R iRDRE R
H 2% 5 (Julshamn ef al, 2004), RN 1%, 5%F1

1% AR AR 2.5% BRI 4 AR 4 4145 256
TRk, W FLYNEEXT IR (Litopenaeus vannamei) 72 d, TE
T8 K RN S 7K PR B8 H AR KM BB R TE W 2 M 22 5% (Nunes
et al, 2011). FBHEITHE HBAUER R 0. 20%,
40% . 60% B 1 i 4 AAF . SERERYTRDRL,
PR EE G (Scophthalmus maximus) 56 d, SE5; 2 5 %)
MRZH /Y SGR BLAT o & Vs (FLALARSE, 2012). [F] Y,
BLAETSE(2015) &3, TE LK A BE A (Epinephelus
fuscoguttatus @ xEpinephelus lanceolatud)F& R 17 £}
it £t e A W A 54T 0—50% 4 185, PER JC4H 7] 22
5o VL BRI, #0 ele w2 A b & Xt
TSN 3 AR, 5 A58 A [R] 45
Yoshitomi 45(2012) 4= W AR AT 0.15%F1 100%
Y 5} 1) 3% 75 R Wi(Seriola quinqueradiata), 100%%:
Ji Wi ATy 2H B R Y 1Y T SGR WL R RE, H
Tibbetts ZE(2011)H 0. 25%. 50%. 75%F1 100%[1
I g 2 A A1 ) % RV 3 5 £ R PE K L H
(Hippoglossus hippoglossus)’Z L, 100% (L4 pY1H &
Fl SGR #f 4 & = T A A . miAwFsEH, Bk
Bk 100%E9 5256540, H SGR. SR, FER Fl PER
WEMRTX A RO, ATREAFAEM R . — & R
WA 2 ik AR b B8, (45 M R i o T4 o b LT Jo
T 7 BB, R (B B AR A LA AT R AR
o 22 0 21 2 R R ) 5 B A I ISR . B R, 7E
AR PR INAB IS 10%00 2T 4k 28 SRR £1 2 RN it A
KB WA SEHGE (Hilton e al, 2011; Shiau et al, 1988;
Dioundick et al, 1990)

3.2 HEE#HITH M ENESG SRR E BN EE

ACP TERNIFHHARRIR GRS, HiEs 5t
H i FACI (R HEEE, 1999), AKP A5 3
TRFEM R, 25 245 8 a0 105k 8t UK 45,
1996), ZA<@F5EHr, R10-R50 FRHNZH4) A4 b AKP
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o X RER MR BT R & A D IR RS,
R100 #RANAL) AKP W& PR H Thim , A T Res h E s
TR, 2R WIAE 50 0 AL S AR e A5 I 2 Sk (4 J3E A Wl A Ay
SN R ) G Sy e e — AR R E R . FLLARSE
(R012)WF 58 K B, FH e i R A9 2 1 1K 0-60% 11 £
Wy R R EEBE L% P i AKP Fl ACP JC 2 5200
[AIE, ZRAENTSE(2015) KB, FEZER L ARG B A JL Al
Ak v P R At v AR B R AR 0-50% 114 1Ky, Xof £ R
Mg H Y AKP Jo i E PR, XS5 45 1A
[, W] AEJE 5 A R s AR K A 54 % . SOD
2 5VE AR N At IR R, 5 A W s K OF- 2%
PIFSEXIESE, 1998) ARWFIEH, 10%-40%/H 5B
R AR Il 4h ATk SOD 1S TE W £ 5, i
100% 7 M4 fa 44 SOD A& MEREAR , IR, 20%—-100%
BN i) SOD e B AL X A, X5
BAENTE Q01 5) W BIFFT &5 S AN TR], 136 B 3k i 7K SF 14
W AR 25 S B Y S gse 1T B o X AT RS AR A
M F R AR RY & SR R, (AP BE JI R,
T J R i AR A IR 5 2R A 2 8 N RS i D&

3.3 i BE LA M X Bl B £ R i 7F £ B A SR AR Y

A

M3 TP AE AR A KT FE ZE R AR
WK B ZHE bR (T 5L =55, 2010), iy H TP & i
W, XPHUREE AR DT — @ A R R
H (Kanjanapruthipong, 1998; Coma et al, 1995), A
e, R10-R5041IM7E TP ¥ T ROAL, 5/™EHi
SE(2016) MM 5T 45 3 — 0. U6 A G35 Bb A1 I3t A 1 AR A
VS Ik f A2 B 1 A — s AR 1 BN
(2015 10% . 20% . 30% . 40%F1150% Lt 151 (14 it it
ARy A AR 1) SRS BRI A B £, & 3045 2H 1)
TP K EMZES, SRR A, Xaie5mn
T2 B A2 1% ST VA 6 L GOT Hl GPT 7685 1A AR g vh
HARZEWPMER, EFELT, Ko F2F
FEF RN, s o & i AR D FUR S 20 A7 4 5%
HMIIRSERT, GOT Ml GPT A& KEHEA MK, It
M GOT F1 GPT 1yt ] S et U 1 463 473
% L (Nyblom et al, 2004), FEARFFEH, Bt g W 41 45
WANALIE B GPT 1 GOT AR L5, S8
A5(2015)F1 ™18 11 25 (20 16) I W FE 45 - — 5, FKTE
[5R] B0E S22 5 A el v 9 0 1 O G R R o 2 P A
H—E AL IEVERT, AN 20 [0 A2t S 10 I U 38 ol
i .

ZHEFTF I, 7 IR B 8 A R TR A A e
(510 58 s e AT A T L 3k )R £ R ] 1 A K 5R © 25
B A M RS i By o [0 2 M <y | AR S
G g F7 R L A BRI BR (04 5 M i BdiE , 7RISR
FAETF, IR SR 7 (52 B 2 A5 e e R AR £k
FEHEAER G 10%-30%.
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Effects of Dietary Skimmed Krill Meal on the Growth, Non-Specific
Immunity and Serum Physiological M etabolism Indices
of Juvenile Spotted Halibut (Verasper variegatus)

ZHENG Jianming'?, YAN Junli'?, CHEN Siging?, CHANG Qing*", WANG Zhenjie'?,
ZHAO Jigjie'?, LIU Changlin®, HU Jiancheng’

(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)

Abstract An 8-week feeding trial was conducted to evaluate the effects of dietary skimmed krill meal
(SKM) on the growth performance, serum biochemical parameters and non-specific immunity of juvenile
spotted halibut (Verasper variegatus). The basal diet was formulated with fishmeal and SKM as the
protein resource, and fish oil as the lipid resource. The control diet (R0) did not contain SKM, and 6 other
diets were supplemented with SKM at 6.33% (R10, 10% replacement of the fishmeal protein. The same
were as follows, 12.66%(R20), 18.99%(R30), 25.32%(R40), 31.66%(R50) and 63.31%(R100). These
diets were then fed to seven groups of juvenile spotted halibut with initial weight of (60.11+0.13) g.
Results showed that the specific growth rate, survival rate and feed efficiency of R10-R50 groups were
not significantly different from those of RO (P>0.05), but it displayed a decreasing trend from R30. The
hepatosomatic index and viscerosomatic index of R10—R30 groups were not significantly different from
those of RO (P>0.05). The serum acid phosphatase in R10 and R20 was significantly higher than that in
RO (P<0.05). The serum acid phosphatase of R30 was not different from that of RO (P>0.05). The serum
alkaline phosphatase in R30—R100 groups was significantly higher than that in RO (P<0.05). The serum
SOD of R10 was not different from that of RO (P>0.05). The liver acid phosphatase in R10 was
significantly higher than that in RO (P<0.05). The liver alkaline phosphatase of R30 and R40 was not
significantly different from that of RO (P>0.05). The liver SOD of R10-R40 groups was not significantly
different from that of RO (P>0.05). The serum total protein of R10—R50 groups was significantly higher
than that of RO (P<0.05). There was no difference in the viscerosomatic index and glutamate
dehydrogenase among groups (P>0.05). The results above showed that 10%—30% of SKM replacement
might have the same effects on the growth performance, feed efficiency ratio and non-specific immunity
of juvenile spotted halibut.

Key words Spotted flounder Verasper variegatus, Skimmed krill meal; Growth; Non-specific
immunity; Physiological metabolism
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