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B E NBEEAQRFRAZTGR, AL KRBEHHR, EA AR F 5 315 m4 0,50,100,
150,200.,400mg/kg, Be ¥l sk 6 #F § R F L o9 B A AR RATH K E 24 62.8940.51g #9 F 5 )|
@ e 66d, W HHERESERN G A K R EFTALERPIKRES A Frh, &
RAEAW, Hiw 150~400mg/kg AHERFR G T L) 84 & 693 & £ (WGR) (P<0.05), L WGR
MR KR AAF E S (FCRYB % a3 I 150mg/kg 84448, # A0 100~200mg/kg 4 # 4
BERSTHAB E RO MEKF (P<0.05),0mg/kg A hmB A b Ead TN R
FRTEREM(P<0.05), FEO ST RLAREENEAHH(P>0.05), F 5@ 8
(LSDZE M EG R EFH B m B EHH(P<0.05), 545Kk mEH 150mg/kg X H H518; %K
%% F 150mg/kg 0, L.SZ A TR ZE(P>0.05), 05 50mg/kg 44440 ¢ o 34 4R 42 &,
4 B (CuZn-SOD)E /1 B F/K T H &8 (P<C0.05), 0 #= 50mg/kg BHAMHAIE & 8t
(MDA) 432255 FHAHLEM(P<0.05), 2 150mg/kg H A F K (P<T0.05), ZiX E3) &
YA T RGETIRE A 150mg/ke.
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Effects of dietary zinc on growth,blood physiological and biochemical indices
and antioxidant ability of juvenile starry flounder Platichthys stellatus
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ABSTRACT A study was conducted to investigate the effects of dietary zinc levels on
growth, blood physiological and biochemical indices and antioxidant ability of juvenile starry
flounder Platichthys stellatus. Basal diet was prepared using casein-gelatin as the protein
source. Zinc (ZnSQO, « 7TH, ) was added at graded levels (0,50,100,150,200,and 400 mg/kg
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diet) to basal diets to formulate six isonitrogenous and isoenergetic purified diets. Triplicate of
six treatment groups of juvenile starry flounder (initial weight,62. 89+0.51 g) were fed to ap-
parent satiation for 66 d. The results showed that the weight gain rate ( WGR ) increased signif-
icantly when juvenile starry flounder were fed the diets with 150~400 mg/kg of dietary supple-
mental zinc (P<C0. 05). The highest WGR and the lowest feed conversion rate (FCR ) were ob-
served in treatments with 150 mg/kg of dietary supplemental zinc. The number of erythrocytes
was significantly higher than the control group when the juveniles were fed the diets with 100~
200 mg/kg of dietary supplemental zinc (P<C0.05),and the hematocrit and hemoglobin of the
control group fed basal diets without zinc were significantly lower than those of other groups
with zinc treatment (P<C0.05). Contents of serum protein in groups treated with all levels of
zinc were comparatively similar (P>>0. 05). Activity of serum lysozyme (I.SZ) in juvenile starry
flounder increased significantly with the increasing level of dietary supplemental zinc (P <C
0. 05) ,but no significant differences were observed among the juveniles fed the diets with equal
to or higher than 150 mg/kg of dietary supplemental zinc (P>0.05), The 1.SZ activity peaked
in the treatment with 150 mg/kg of dietary supplemental zinc. Activity of serum CuZn-superox-
ide dismutase (CuZn-SOD) in 0 and 50 mg/kg zinc treatment were significantly lower than those
in other groups (P<C0. 05). The contents of malondialdehyde (MDA) in muscle of juveniles fed
with 0 and 50 mg/kg zinc were significantly higher than those in other groups (P<Z0. 05), while
the minimum level of MDA was in 150 mg/kg zinc fed group. The optimal dose of dietary sup-
plemental zinc in juvenile starry flounder purified diet was suggested to be 150 mg/kg.
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HERDYEGEITOTFHIHECE . ES52MREEE . GFEEX . BR . EORSERNARSK
fHERHAT EM. R AYEREMBEMF A EPHAEEMOEENRN 1994; Chesters
1991), fReF VT AH 3y 0 S e 4% B R A2 ZE 4 WL G0 7 BB g BRI, T 40 78 4% W) 5 X AL RE K & 1E % (Kiron et al.
1993),

BIE)I8E Platichthys stellatus P. ,RIBSIE H (8EF )88, H OB, ExRmiEs, PR EKBE
P RERE TR R HUR TR B N TR S T R L U E AR R TR E R SR A
B BN N B AT B Paralichthys olivaceus  KZZWE Scophthalmus maximus ZJ5 B AR E R I XM {5 ) &
KA —., BR.ERIARZSE DAL AYFFE(BEESE  2006) 8 58 B840 50 Bt (X AR 5%
2009 FIEE A B AE Wi B0 B SR SR 5 7 (B B 4% 2009;Lee ez al. 2004,2006) , {H 2 BEJI| 8] 3T 8 75 5K B BF 52
AR WARGE o A AR T T RDRE S 0 AS (6] KT B B X B B )1 R 4 £ 1 VR A B RS R R R 3 B R 48 B K
SZR L R Y EDRHEE KO X WL A ST R AL I BE W sE i, B A B E BB S 4 fm ikl h e E B R,
W BT | 8 8 IR A AT 5T N A BT A O BT o AR RN AR 1 R S R R 2R AR B

1 #HEFE

1.1 #Aggit5@aR

LA A 1 R R R BT R, v S e T R Y R R oS M S B VR, TC R OB R S RO R I S & 4 i
51. 2% F0 12. 4 X 2R (R 1D . KL-E/KBREBR 8 (ZnSO, « TH, O) R EFIR , 4 51 #£ 45 T 5 2k ol 43 ) b 45 m
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0,50,100,150,200,400mg 4FEC i AR 6 Fh ik 3 1) Al , 22 JE F Rk 43 6 Y6 BE 3+ (A A800 I, PerkinElmer™ ) 1| 18
KR RS EAARHR 19.95.71. 06,118, 50,174, 00,226. 10,411. 20mg/kg. EH FER 25078 R RS>
B HEER 80 BT MRS HSEEBE % ZnS0, « THLOBRF—EE8WEEAkD . RESHMER K4S
BAT, SRR HENLIN T2 N 3. Smm BRI R, 70CH FERBAST SRR 100 LA, BEF —20CK
MRAEM.

1 RAREARELBRERER(Y)

Table 1 Formulation and nutrient compositions of the experimental diets (%)

A Level of supplemental zinc(mg/kg)

JE ¥ Ingredient

0 50 100 150 200 400
B E H Casein 47 47 47 47 47 47
B B Gelatin 10 10 10 10 10 10
VEHBY Starch 10 10 10 10 10 10
o «-Starch 8 8 8 8 8 8
o f R a-Cellulose 5.54 5.52 5.50 5.47 5.45 5.36
470 Fish oil 10.5 10.5 10.5 10.5 10.5 10.5
5 55 N E# Squid visceral meal 5 5 5 5 5 5
8 A5 F (F& 8 Mineral mixture(zinc free) 2 2 2 2 2 2
b &4 4 F Vitamin mixture 1 1 1 1 1 1
FER (¥ Atractant(betaine) 0.4 0.4 0.4 0.4 0.4 0.4
FALAEHE, Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
HLE 1M Antioxidant 0. 06 0. 06 0.06 0.06 0.06 0. 06
ZnSO, « TH; O(Zinc sulfate heptahydrate) (mg/kg DM) 0 221.2 442. 4 663.6 884.8 1769.6
EFHH M (Y% T YR Nutrient composition( % DM)
HE [ Crude protein 51.20 50. 84 51.13 50.76 50, 83 51. 07
HHE W Crude lipid 12. 40 12.28 12, 39 11,99 12.16 12, 20
HE & Gross energy(M]/kg DM) 20. 19 20.18 20.22 20. 26 20.11 20,16
456k #E K F Dietary zinc level(mg/kg DM) 19. 95 71.06 118. 50 174. 00 226.10 411, 20

.o EETWE (mg/kg ¥, MgSO, + 7H, 0,5 068mg; KCl, 3 020. 5mg; KAI(SOy )z ,12. 3mg; CoCly , 40. 0mg; CuSO, « 5H;0,10. Omg;
KI1,8. 0mg; MnSOQy * 4H,0,73. 1mg; Naz SeO;,2. 5mg; CsH; O7Fe « 5H,0,1 633. 0mg;NaCl,100. 0mg; NaF,4. Omg

b. Z A4 F (mg/kg FRD M4 F A,38. Omg; 8 F Ds, 13, 2mgs ot H B, 210. Omg; AL K 115. Omgs B K, 380. Omg; EEBEME B BE,
88. Omg; ¥2 B, 368. Omg; MR, 1030. Omg; & ¥ & ,10. Omg; it 8, 20. Omg; 4 & Biz, 1. 3mg; JLEE, 4 000. Omg; HIF M AR »500. Omg

Notes:a, Mineral mixture (mg/kg diet), MgSO, * 7H, 0,5 068mg; KCl,3 020. 5mg; KAI(SOy)2,12. 3mg; CoCl;, 40. Omg; CuSO, * 5H, O,
10. 0mg;KI,8. Omg; MnSO, *» 4H;0,73. 1mg; Na; $SeQs, 2. 5mg;Cs Hs Oy Fe « 5H2 0,1 633. 0mg; NaCl,100. Omg; NaF,4. Omg

b. Vitamin mixture (mg/kg diet), retinol acetate, 38. Omg; cholecalciferol, 13. 2mg; alpha-tocopherol, 210. Omg; thiamin, 115. Omg; riboflavin,
380. Omg; pyridoxine HCI, 88. 0mg; pantothenic acid, 368. Omg; niacin acid, 1 030. Omg; biotin, 10. Omg; folic acid, 20. Omg; vitamin By, 1. 3mg;ino-

sitol, 4 000. Omg;ascorbic acid,500. Omg

1.2 REReSRAFTE

FHERBELFEERKTHRTEHAKBEFZE P #HT. BRI SREE W B LR B K™= 57
BB R A, E WG IR E R 62.8910.51g, IE IR I FF 4R B F 25 R 1 R X iR 20 A8 9EA1T 0 80
14d 913, AE DK FIFR AR B 3R 8, PSR E Ptk Rl . RN B ) 8 4h TR &
H, AEITHNCHBHIITER , B INEER 20 B, 7 HHIFT 70cm X 80cm Y4 6 1B+ TE.3% 38 R I 74
oL ERIKIER 40em A£G, BB K 2009 4 11 A 21 H~1 A 25 B ,3k3f 66d. BRIWEHREH KOS ¢ 00,
17 + 30), MR 58 30min 5, N R4 B F WHOK DR EHE S . HFRRBMEEHR AKER 19.0+£0.5C,pH 7.8
~8. 2,3 28~30, RIEVEE >5me/L, EA . EHBR A <0. Img/L, 5 &M M A M.
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1.3 HRXENIH

FERBES R, KB AYVR 24h RAEGLE TEMER, SWEIR 10 B4, 2ml 58 ARH
BRI, ¥ERAWMB S G, —0 U FRIUEE, #l & 2, 44 40 M % . 40 i bL 25 DL R 1L 4T 28 B
B E:; B —HIRFFE 2h J5, T 4 CE.L 4B (4 000r/min, 10min) , BU_E B I, T % B B8 (LSZ) f 4 &
AL P AL B (CuZn-SOD) 15 1 93 58 5 BT A Ab 38 40 SR A% £ 5% 1 S5 530S A0 AL A9 5 g 48 it 98 0 25 LB — 70°C vk
P REF.

WEFEWGR, %) =(W,—W,)/W, X100

EBHEMER PER=W,—W) /(FXEMPTHEAKSE)

R R FCR=F/(W,—W,)

Hp W AREWAAER (0 W AHELAAKER(2,.F ARBBAERR.

L1 40 B JOR R i BR BRSO A M EEH B AR A A E (mm®) = (5 NPT M X R
BEBO/THEE S NP AER, MAMLAEAMENABELEEDNE (FRERSE 2000), MAFEASEASL
FHRMHICN KB E (BRBERE 20000, MFLSEASEUE DR ERAOEINE.

M3 o LSZ 3% 51 .CuZn-SOD % 7 FULE Hh 9 B (MDA) & 8 ¥ % I/ st 8 A 1 TR B0 55 B i iR &
T 5E . LSZ 3% S35 R A i ¥ 5 CuZn-SOD ¥ S e R P A8 LA R MDA M S BERARARE L ZR
(TBA R E .

1.4 HEFEITSH

REERA(FAREREZ)I)RR,HRIFEHEZ RN ER B EZHE T One-way ANOVA 43047 5 M
Duncan’s R T 2 B L8, B F K FERH P<0. 05,

2 HR

2.1 EHAPFREKRFEHENERINELHEEKEROFIE

MER2EH BRI BHEBRMEMFHERMBNENEE LA G FROBE, BEEMNEMN Omg/ke
FFF] 150mg/kg B ,WGR W2 F+ 55 ;88T 150.200.400mg/kg 3 A LB EH LR (P>0.05)., BEHEXNXR
5MERNTHES . AEEAREERNE LA R FTHEHE,Omg/kg A S0mg/kg HEEE T HME
2 (P<<0. 05) , B fib % 4H [a) 22 B R B & (P>0. 05)

£2 AMPENTIFESRENRE S EKIBHRORR
Table 2 Effects of different levels of zinc supplemented in diets

on the growth of experimental fishes (mean®8D,n=3)

f K454 Growth ind PHINE Level of supplemental zinc(mg/kg)
& %r Growth index

0 50 100 150 200 400
&R WGR (%) 88.03%1,12° 91.01£1,79c  103.15+2.45>  109.1741.04*  108.9442,80*  108.78=+3.00°
B FM %K PER 2. 0340, 08¢ 2,060, 06° 2.1540. 03" 2.29+0, 04¢ 2.2540. 03 2. 2440. 020
LR B FCR 0.97+0. 04° 0.96+0.03b 0.89%0.01° 0.86+0, 02" 0. 880, 02 0.880, 01°

ERATRENEFRANRREREF(P<0.05), FER

Note: Different superscript letters in the same column indicate significant difference (P<C0. 05),same as in the following tables

2.2 HARRFREKFRHEX BB 84 & i 4R £ L IERN R

MR I TTLLUE M, BB )1 88 4h £ i 7 40 40 OB E L Omg/ kg A B AR, 3F W 25 18] 6 o S 55 0 & /9 55 in i -
55,100.150.200mg/kg 3 HZ LB EHZ R (P>0.05) ,(HEEH T Omg/kg H(P<0.05)., Omg/kg B1H
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B 50 A G I 2 B L R0 4T B A S B R T A 45 41 (P<C0. 05), Hofth 4% L 22 5 A B3 (P>0. 05),
1 3 2 & R S GRS R AR i (P>>0. 05) .
%3 ANGEMRERLBERINR SN EEELERGT0

Table 3 Effects of different levels of zinc supplemented in diets

on the hematology of experimental fishes (mean® SD,n=3)

e ;
B2 ER Hematology index A Level of supplemental zine(mg/kg)
0 50 100 150 200 400

2T 40 B Erythrocyte( X 108 /mm?®) 1.9640. 05¢ 2.1640.072¢  2.1940. 13 2.31+0.12° 2.19%0. 142 2.08740, 12"
1 40 it B 28 Hematoerit( %) 27.644+1.18b 31.504.1.17¢ 31.4441.13= 31.114:0. 742 31.7740. 752 29.76+1. 302
41 A Hemoglobin(g/L) 58.83+3. 02 58.7142. 28 58.08+2.23

I 75 8 & Serum protein(g/L) 30,0442.13

53.82%1.93" 58.31+2. 59 58.661+1.16°

29.981+0.41 31,2541, 14 30.1540.71 30,5912, 26 32,5010, 56

2.3 HEPRRAFHENERIIGHEBS REERMAELEROF T

mEATL, EESRMENEN, & XBHNBEE(LSD)E h BEFE (P<0.05), 7 150mg/kg A
KF S, SR 150me/ke B, A6 00 LSZ WE N LB EH 25 (P>>0.05) ., M#E CuZn-SOD i& /1
FEAETR B R N 2 % F A S R #a s, Horp Omg/kg 21 50mg/kg AE R A B F(P>0.05), “EHHE

ERTFHFRME R 100mg/kg &L FKH (P<0.05),
BB 42 4048 JIL P MDA 45 5 Bl v e A s o B 1 16 S SR BRI LB P R B 3 (18 1D, Hi P Omg/kg 4

1 50mg/kg 412 R AR EE (P>0.05), “F M MDA Z R BHER THHFEMEN 100mg/kg XL EFHH (P
0.05) , FEARINEL A 150mg/ kg 49 MDA & B &K,

x4 ANTFENAASEENRRETS RREFARMR
Table 4 Effects of different levels of zinc supplemented in diets

on the immune response of experimental fishes(mean®SD,n=3)

IR Level of supplemental zinc(mg/kg)
100 150 200 400
89.64+2.33% 89.46%1, 28"

H I %38 4R Immune response
0 50

73.26+1.53% 81.4040.80° 86.74+2.14% 90.31%0.68"

LSZ i& f1 Lysozyme activity(U/ml
CuZn-SOD §§ 57 CuZn-SOD activity(U/ml) 66, 89+1.35> 67,162, 13> 75,05+1.25% 75,064,100 74.2240.95* 74,88£3.67*

z 6
3 it 54l
E<C
R
3.1 G RE K F SR BB 6 4 g2 3;
. = <3 2y
o KIS B0 %51
h 50.00 100.00 150.00 200.00 400.00

=R~
(=
<

R PR IE E A R BT R BT B
R 5 AAAY L R RRAE G 5, [ B 42 F
RIS R R REAIIIEIOE 1 g o 0 5.96)1 840 0L MDA 5 88050

£ 75N B Supplemental zinc level (mg/kg)

) e VBN
T CGERIESF 2007) o ABFFAT L Mo 4 o Fig. 1 Effect of dietary zinc levels on MDA content in muscle
N N e b R = 2
B InEE EEE%%W B %Q’b@ﬁgﬁ%ﬁ of juvenile starry flouderPlatichthys stellatus

HEEFMCR RE AR AR, LGEk
BEASINE KT 150mg/ke B, EBEJI SR E KL TP & 11, X T RER h T A EXRR B & B2 E —

TEMH BT RS AE N RE S . A RB SRR YLK B AR R RIS 150 me/ kg BEAE B B )1 8} 4h £ AR 45
BiRAK.
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3.2 AMBRARKERESES)I R4 & M K ERENIERAT I

W E M F R R ENERREREN AN TFE. CAHATFRRA 8T 258K B4 40 58 H %
(Kraus ez al.  1997), ARE ARG INEH 100~200mg/ kg B AT LA G 3 18 hn 2 53 )] 8 4 48 1 9 40 40
Mg, BERMER 150mg/kg R EA S TAERMERE AN MMM AEY BEES FARME A, X
HREASF (2008 X W jg B Ak 1 Sarotherodon sp. BHFFEAS ARl . F2 A, 0] BB 257 B = i 41 jY 7 44 35
TEF 0 8 Ak 5 A T AS Bl REL LB 20 A RS 4 A IR, DT 5 400 e P 38 5, S B0 Il

MAFEARBHEASHYE . MAFEASTEMOABENEGRERMAKEGMMEEIEH(FILLS
2005), WMIBEHQOOOME . MAFHFEHER M A KB EGE AT, do Carmo e Sa % (2000) KL
B AR R R, BB B ARG MBI RN 1. 3X10°cell/ pl, il EZ¥ K 19245 117 Tavares-Dias 45 (1998) K
SRR P RENE T F e AL R E N 1. 7X10° ~4. 4 X 10 cell/pul, il L ZF K 23%0~41% . f S 3,
gz T RS ama gt slER L. AKEd.ABRMEESANIaEASERERTHM
#4,3X 5 do Carmo e Sa F Q200D X e B F @RGSR 8. WAWRERM(TEESE 1995 13K
EE S BN B Crenopharyngodon idellus IR £1 40 B £ F I 21 28 5 & B 82 W AN K, BV e ) e 4 e £
FEFRBER. 5 AW R 8. XFZERTEER FHENMAE RIS FERRKFES EWN.

3.3 HARHBAEKFHERNERIKLHEHS RBERNMTELERHOTEMN

WA MR )2 AR T AR NN R IR R 00 TR A A R A A A RO, R
Xof 422 IR BV B R HE 1R RE R A BR R AR I e, AT R ORI B B B T RE GBE SR 55 2003 E
T 1995) . I T T 20 A T A T A A TR RS 2 BT SR B L U R TR D KST RN T P LR K R B R R A SRR iE
JIRMERR G % 20063 JHNREE 2009) . ABEST A BEE RREAE O I B g 8, BRI R 4 £ i T S TR R
TG BT E SRR KT 150mg/ ke B, & 50U 20 A 75 681 B 788 T 753 X 5 J8 SR 55 (2009) X 1E 87
BB R AR — 2, U R P E B BB A N R A AR R R e B S B9 Th 8. Marja 55 (1992) iR 18 , fi: 6%
I A G O AR SR R S M B H R A A — B0 AV LR S T R S O 2 A SG, B BT
T BA R R A TR ST 5.

B - A AL B AL A (CuZn-SOD) BT E AL AU B B4R &R BT 0 5 50 A B0 2%, 230 A i B 5 MR QB Tl
Z—, T AMMEREDENTHRERNBEAE T AHEGEEHFSF  1996;Bonham et al.  2002), CuZn-
SOD ¥ 8w , U6 B H 38 B @ i 2R R BE 7 3R (Munoz et al. 2000), XIB# 2 (1999 A #Fss % B T SOD
1 1 K A AR ) S K B DDA K X T i A A M B BE I B LA R e BE A EEAR . B
245 CuZn-SOD W& M R HIHE R 4ESF , CuZn-SOD B @AM 8 — MRS Ir XIEH 2009, REZ
85 (2005) BT 45 SRR WY L b A T LUGE 71 P B A B I Y B A R A P 9 CuZn-SOD & PE 8% 98, (F AR R Rk &
BENRF XK Q2001 X 8 KB 5 4R — B, SRIEE % (2008 B 5T & 8L, BEH H M B4 72 B 39
13 CuZn-SOD ¥ F7 B Se s hn | Jo B A 60 78 3, T #b 72 B 55 7 4R B4 B 1l 7% CuZn-SOD §& J #/h . 45 B
Sha R A 400 ) R G R A L DA TR V) R S R BB T L B A R E— BRI . Shiau 55 (2006) B S 45 R LR B L 1H
BHER Y ok 2 BT B 4 2o R W BE T 0 UF B AR AR S AR SR LA . AR, BB ER4h #03E CuZn-SOD i 71 B
AR I B R 2 B SRR B R R E B X CuZn-SOD 15 #8910 M5 L #E 00 AT BE 2 i T 8%
RPN A& ST ERFPBA b 574 BIR T VLR B9 AR T4 5 B B R BE B0 48 2 NI, BILA B4 N 3
AY PR RSB T EGH 7 B B R T, CuZn-SOD 1§ W B # 71 LU g B i @ 2, L
32 A kit .

RBRE I R A BB R DI W i T AF E B B AE LU WA J7 il (Fang ez al. 20025 Valko ez al.
2006) : — K S5 i E L AR X W B L 4 SOD; — o i B | AL 10 & R B B9 AU, s Bd AL R g
(MDA)., MDA 2% 1 iy 2551 2 8 B Bt 0k B0 T 7™ 28 1 1 B S AL P 7 ML ARG Y 28 7= 4, L BT
J B AL A P i T et SR A B R R (D 2t R e tH LA A O A2 el R Y E AR (B 2003) . AR
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BRI B A BB 84 A LA MDA S8 8RR, KSR mE S 150me/ke A A K
WLA MDA & 8 81K, X /T R 2 H TR 2% RS AKER TS B EEA KRS SUEN, 2 BHLEMNTT
BRI EALBE S 3R MDA BB RRK, ATFREY, 234 aRRKERBT FARIES 2008)
F4T 8 (Onderci ez al.  2003) FHZS AL, A} o S 05E 2 0 B T 0 38 008 o O WL AR L AL D B .

4 &g

FRRERNARE R E R RS an AR R OHREERE. ML FMMOEQ SRS EFEEN,
AL RE R LR IR R R T AL T et B RS, HBERMER 150me/ke WHABZANE. &
RO R R, XV AR E LAY 62. 89g MR BE)I 8840 1, 2 LI -EoK R BR B o BEUR B , 24k HR P B RE BT

&4 150mg/kg.
& X X W
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