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WE eIy EEEAR, Wamma by EGE, wEa e saiFm 0, 153,
3.57. 561, 7.65. 9.69 glkg MgSO, - 7H,0, B ¥4k & & % 7| 4 186. 350, 542, 735, 950, 1220 mg/kg
ty 6 SR 4A R, T JR 44 1A & 4 (28.022.5) g Y #F # (Lateolabrax japonicas) ¥y 56 d, 441 3
NEE, LHERKRATIHAT, KEFHEGEN 1220mg/lL. R E R, B AT B R
BB RER, BEAEKE, FRSETLEEDH(P>0.05); 1B ACEH RS 2 4 & TR
(HS). JEAR L (VS) B AR B (CF) L 2 2 % 1 (P>0.05); 12 Rk xf & & 4h & LA ML E & . HLAE BT Bk
AT RFHW(P>0.05); ARG &y a N, BiEFRIFEEESELLEP H(P>005), #R
R, o e N KR AR RRE RS EEENENER, Bk, FFEE

R BN RN T
KA W, B, EKMEEE; BERKS
hESES S963 TEAFIRAE A

BEAAAE T SR I TR . BERR AR (s, B
SRR T, G5, 8, BT SHZRNER,
FEEIH ARG EHLH] (Vormann et al, 2003; Tam et al,
2003), BEANNZ 58 AR aL, B REXT LK
WA, BRI . BE2RLL T A i e s Ay AR
2N, JEREMEAL SIS 300 Z MR R, kA
RO AN 43 1o 2 ) #6258 4 K (Hendricks et al,
2002) . 1% ] 4245 (2002) i 5% & B, % 4F: #.(Oreochromis
niloticus) J& Al 1]} H 5 B B A = T A S R EE A IE H
o e, TEEH R mEER I, VRN B e A
A WENREER, B, #haE R sEEE1)
fiefig I e k0 A £ K (Satoh et al, 1983, 1991).,
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x1 ERABERARRERES
Tab.1 The formulation and proximate composition
of the diet (%)

5K Ingredient

“r & Content(%)

18y Fish meal 50.00
241 Soybean meal 13.00
i+ Yeast meal 3.00
5.9l Soybean oil 2.00
ff1yil Fish oil 3.00
/N Ky Wheat meal 21.7
WY R AR T Mineral mix 2.00
4k ZIR AR 2 Vitamin mix 2.00
P Attractant 0.30
Bii##57 Antimold 0.10
YL ALF Antioxidnt 0.40
B #ENE Lecithin 2.50
E % 43 Proximate composition(% DM)

H 2 H Crude protein 42.0

HMLAEHT Crude lipid 11.6

e Y4k EIR AR (mglkg or gikg Gk 4E4E D,
5mg; #EK, 45mg; AEWER, 1.20 mg; FHERM L EE,
20mg; 4K A, 32mg; 44K E, 120 mg; 4L By,
0.1 mg; JLEE, 800 mg; HHER, 200 mg; Bikk&E, 25mg;
MR, 20mg; 2R, 60mg; 4iZEE Ks, 10mg; YA 18679

Note: ! Vitamin premix (mg/kg or g/kg diet): riboflavin
45 mg, biotin 1.2 mg, vitamin D 5 mg, pyridoxine 20 mg,
vitamin A 32 mg, vitamin E 120 mg, vitamin By, 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

25 IR A R (malkg or g/kg AL - BREREE, 50 mg;
A4l , 50 mg; GRERSH, 10 mg; MUL{LEP, 0.8 mg; BEER
445, 3000 mg; fRfREk, 80mg; SEfk4N, 100 mg; IR
e, 2mg; WAk, 16.71g

2Mineral premix (mg/kg or g/kg) diet: ZnSO,-7H,0 50 mg;
CoCl,-6H,0 50 mg; FeSO,4-7H,0 80 g; K1 0.8 mg; Ca (H,PO,)
2*H,0 3000 g; CuSO,4-5H,0 10 mg; NaCl 100 g ; NaF 2 mg;
Mordenzeo16.71 g

9.69 g/kg MgSO, - 7H,0, At il &4 150, 300, 500,
700, 900, 1200 mg/kg I 6 Ry mlkl, S fapelas
()& B4 )k 186, 350, 542, 735, 950, 1220 mg/kg.
FiHET(55°C) 5 B 1RREHE T —20°C vk A 45 F
12 TRAB5RAFER

SCESTF 2011 4F 11 H 11 H-20124F 1 H 19 HE
W B RIFE A=A PR a4 T, 5288 £ R 24 4E 7= ) [a] —
HEAEERR i fr  SZERITLRTT, Kl 5 A 2 57 T 3 mx
3mx1m Y= MK IR, B3 10 d 5 Sc g

YUA 24 h, Pk iR 22 S 80/ N i 46 [ (28.0+2.5) gf
FE], BHL A BLE) 18 A AR, FRAEAR B A2 1.2 m,
K 90 cm, EiAil 20 R fh., FREEMINE], 4340 6 Ff
ARG _FAR S imRL, AR BRI 3 k(07 = 00,
12 : 00, 18 : 00), FMELGRILTEIFHIK, Rk
V3 LA, PAFmAESE>T7mgll, /Kl 16-24C,
S K EE ) 7 i 1220 mglL .

1.3 Hm*E

TG EH I, KL si Uk 24 h R, R
B I NEA LA R BENLIGE 3 B, FJCH
T S DA R B A R KRN 29 1 ml, AR 0k
1% IFR AhpEe, REECE 4 h, $RJ5 1L 3000 r/min
B0 10 min, BUMLYE & T—80 CHAAEH TAE4b AT, 4
FRFEALIME 4 R, e85 A A L B2 4 om,
Ty 2em., JEEL 05em LA, £, —20CHE7E
2 o BUSE LAt 0 7 S b v i K8 10 min 22
Ja, 23k, BRI, BEEMEE, HEE T,
HET o BEAREUH 4% 58 3% 1 5 40 —20°C IR A7, fffa i alt
3T

1.4 EARSREHNE

Tk B B B UL AE 105°CHE T R E &, SR HEL
KB & (VELP, UDK 142 automatic distillation unit,
BRI E A&, HAR & ok AR K
20 %2 (FOSS IR i 21 SOXTEC 2050, Hitdt); £
TE AR B 5 h (B50°C), 4k HE RN K &
o BRI I R R 2B LR A £ O R b fn
o4 min, ZIGREHESFFAONA, BUSEHEEIEH
EBEFKMPYE, MOEREAS 105°C T A FRe, B T8k
SN E o fpRE L LIP3 A AR AR
A E 1 & BT k9Ot L (1CP-OES,
VistaaMPX, Varian, JE[E )M wiAb# #4550 B
FES 0.2g 4847, BT 50 ml HLEC BRI TS, inA 10 m
1o SRR, TE TR A A R B T i Z R i T A 5
S (VIR b, B rh BRI CBER IR &
ARAR, HRAREETT, ZRHGEHIT), BUh
BN, $RA 50 ml i, H2SBF/KER 2 50 ml,
RIGITIERE 10 mL B.04 .

15 HERZITHE

R # (Survival rate, %)= R 5T ) A
R £ £ x 100

B R K HR(SGR,  %/d)=(InW & —nW #7)/tx100%

TR R (FE, %)=100 x (K 1R B )t (A &)/
HaEE



58 woooor B % 3 R 37 %
HELS6 12 (CF) =100 x A2 (g)/HA4: (cm)° %3 GRREERIEAE BT . Rk b FORR R
HHR L (HSE, %)=/ A% B /A B & x 100 M ( x )

_ SE = Tab.3 Effects of different dietary magnesium on HS,
HH?MS H (VSIL’ %)_VV\]EE{%EMZFEE X 100‘ VSl and CF of Japanese seabass (Mean+SE)
Ao, t A SEE R A (d), W2k fifi i K B EE (), pEvpmy P prn_T T
. N N (G e 1w B
W iRy b €64 ﬁ{%'é‘%(g)@ - Mg(mg/kg)  HSI(%) VS (%) CF
P S5 35 B R P P (L b B (Mean SE) 186 1.4+0.0 3.60.1 1.740.0
s ORI SPSS17.0 B L A ARG A T 5 M 3 22 350 15:01  3.7+0.2 1.8+0.0
73 H7(One-Way ANOVA), 25 #5747 Duncan's 542 1.5+0.1 3.5+0.2 1.7+0.0
ZHEIE, 25 BE/KF R P<0.05, 735 1.4+0.0 3.8£0.2 1.7+0.0
o 950 1.4+0.2 3.8+0.3 1.8+0.1
2 ZWHER 1220 1.5+0.1 3.8+0.2 1.7+0.1
2.1 fARHRNEEX 8 & 4) B 4 KRR RN %4 R h R INGE X 5 & AL A AL 2 R G

T Ak e 8 B X s £ A PR BE RS LR 2, A
L2 AT LIE Y, £S04 0 1 BTG 2R TE 86.6%0-90.4%
Z[B], FrpAk A [ 1448 7K T % 45 S 36 A =2 ) ) 3 R
G W 5 m (P>0.05) 5 #% 5L 5 4 B fi SGR 1F
(2.28-2.52)%/d Z [i], MEEA K4 350 mg/kg i,
SGR i 7, (HA 5L 2 2 8] UG i 3 4 22 5 (P > 0.05).
KCE A i FE 78 1.10-1.21 22 6], %5254 2 |A]
Jo i #F M2 5 (P> 0.05),

22 fERSRK TSR FIEIRA R

TR Xy HS L VS il CF AFIE A5 2A 45
PREGFEIA UL 3. 3R B W LA Y, ffafY VS, HS
1 CF 435k 3.5%-3.8%. 1.4%-1.5%. 1.7-1.8, /il
FEEE S Y VS HSL Rl CF 3% % 5%
i) (P>0.05) .,

2.3 R AR AN R X B4 B £ A AR 53 B R A

TRDRFEE K1 o i £ £ PR A 2 2 LAY S DLk 4,
MFE 4 nT LA, a4tk or 5 L LY 74.29%-

xR 2 ABRRMEEXE S L) B 4K R
Fm( t )
Tab.2 Effects of dietary magnesium on growth performance
of juvenile Japanese seabass (Mean+SE)

WS E K B ORIER
Mg Initd  Fnad K% suival m*i)él?—
(mg/kg) Weight (g) weight (9) SGR(%/d) 'ate (%)

186 27.7+1.2 106.5+1.1 2.41+0.04 88.6+2.2 1.12+0.01
350 27.9+1.2 114.7+58 2.52+0.06 87.6+2.1 1.21+0.01
542  28.0+15 106.0+1.5 2.37+0.05 86.6+3.5 1.15+0.02
735 29.3+1.4 104.8+1.2 2.28+0.04 87.6+2.5 1.10+0.01
950 28.8+£1.3 109.3+3.5 2.38+0.03 90.4+5.6 1.15+0.02
1220 29.6+1.8 107.8+3.6 2.31+0.04 89.2+3.8 1.12+0.01

220 ( + )
Tab.4 Effects of dietary magnesium on chemical
composition of muscle in Japanese seabass (MeantSE) (%)

Tk Koy HIE MU Koy

Mg (mg/kg) Moisture Crudeprotein Crudelipid  Ash
186 74.37£0.25 20.16x0.25 2.50+0.20 2.84+0.00
350 75.08+0.40 21.25+0.28 2.46+0.40 2.58+0.12
542 75.63+0.31 20.73x0.15 2.51+0.25 2.16+0.15
735 75.54+0.24 20.34+0.18 2.50+0.22 2.38+0.15
950 74.70+0.35 20.34+0.22 2.32+0.32 2.50+0.00
1220 74.29+0.52 21.05+0.25 2.20+0.26 2.52+0.00

75.63%, KA inE N 2.16%-2.84%, HIE &
TEHIh 20.16%-21.25%, KGN & =iaEh 2.20%—
2.51%, #5550 2 A e o 2 1 2 5 (P > 0.05).

Tk K ST Xty £ AL PR) L AR R O3 B A
MR UL 5, N ST LI, SCgb itk N aE &
SO > LA > i, Hrb, AR PSR
1103.1-1229.2 mg/kg Z[al, LR HEE & R7E 270.7-
305.1 mg/kg Z[H], IiLE HEE i TE 27.8-42.1 mg/kg
Z ], (H45 41 2 [a] ¥ 0 1 35 4 25 5% (P > 0.05)

x5 ABPRMENGEHENR. S,
i & BRI Fm( * )
Tab.5 Effects of dietary magnesium on magnesium
concentrations in vertebrae, muscle and serum of juvenile
Japanese seabass (Mean+SE) (mg/kg)

B LA 18] AR
Mg content(mg/kg)  Muscle Serum Vertebra

186 270.7+£355 42.1+9.5 1229.2+152.8
350 280.9+12.3 30.4+2.2 1103.1£52.5
542 299.8+7.8 35.7£3.4 1173.0+48.6
735 274.1+26.4 38.3x4.6 1222.9+167.5
950 303.2¢11.5 27.8+3.8 1179.2+52.0

1220 305.1+6.4  27.8+3.8 1225.2+186.2
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3 it

IK = Sl Hh R I 9 A R P B (Salmo salar)
(Afaet al, 1998) . HLff§(Pagrosomus major) (Sakamoto
et al, 1979). U7 fi%(Salmo gairdneri )(Bell et al, 1986;
Qgino et al, 1978). ¥ ffi(Ctenopharyngodon idellue)
(Wang et al, 2011; Liang et al, 2011). f#(Cyprinus
carpio)(Ogino et al, 1976), % ik ffi(Dabrowska et al,
1989) . FHiR#Mll(Carassius auratus gibelio)(3L PSS,
1998) . HML447EXTHF(Litopenaeus vannamei)(Cheng et al,
2005) . f1 B (Epinephelus sp.)(Ye et al, 2010)% .
Sakamoto 4 (1979)45 i, X T 7K P £ 38 B R U
LR AR A BE iR 120 molkg B, TR 8
HMAS I AN REAE i FLHA Y AR K ARDEL R . Afa
(1998)WF7E £ W], /KPR TRy & &4 54 mg/L
i, 7EEE A 196 mo/kg [ 3L A R R I EEAS BE
b 2 AR A G e ) A R R R o TR K b A0
FERY], HRrE e e gy, W] AR e
A, B SRR S YR R T R AR R
WEsh R, B2 A RT3 BT, AR K2 B .
5l in#gi £t (Ogino et al, 1976) | U4 (Ogino et al, 1978;
Shearer et al, 1989) B i X JE fifl (Gatlin et al, 1982) F1%
R ffi(Reigh et al, 1991) o AWFFLAR AN R] B9 BE K- Xf
fiyi £ 1) A= K P RE T A il 5% W (P>0.05) , X BRZH %
AR EZ4E, DLESSRS Ye 55(2010)7F A1 5
i T 5T 25 SR

Liang %5 (2012) %} 5L f 4y 0 B 75 oK = I A 5E Hh &
W, MEEFERPBERMEN 2, EAashf SGR &
WiTkiE, fE 637 mo/kg kI RAE, ARG EWT TR
1M Afa 25 (1998) W5 & B, TEARDELh AR AN [ ik B 11
PRV, X R PUVESBE Y AR KPR REA P AR 3 MR e (P >
0.05), Han %#(2012)43 51 39, 120, 220, 380, 700,
1600, 2900 mg/kg £ /K- ) i)k ] i 55 B 44 90 d,
IR B U 0 I AN RE 2l S B AR Y R K RE
IR E R W ERAE R R4, Bijveld 4%(1996)
AR R BEFERBE, SRk e fr s fIL, NRE
WP A B A KRB T A, B AT DA KR i
We— AR Bk LA TR s (H A B rh B i id &
i, BT DU R R 2 e, DARIIEIR N
BRI KT ARSI KRS 115 mgll
B, AR EE Y 1 1k 5 186 mglkg, firiffl SGR,

FE FALIE R I A Z R B K- s, i fan] L3
1o SR ORI K B SR AR B, AR G R A A
TN INEE FT LA el a0 A K

TR P X T AR A A8 BRI 52 M 32 B AT T 56,
T R Y Bl = 5 i 6% B {4 /)N S (Satoh et al,
1983), Ye %:(2006)WF 58 W], RELEE KT i 2 5
A¥M CF, VS, HY, SR #FZER, CF WA
fE{E R 1.7-1.8 g/lem®, VS HA8LIEH N 3.5%—
3.8%, X TILff, FERMERISEER 120 mg/kg B X CF
Ko HS A ik 2 520 (Sakamoto et al, 1979). AHF5%
Wi, CF. VS J HS YR Z 1R K B 52

T b Hh I B X R v KL R 1A A ) 1 BF
SELE R —F, A2 (1996) VST F W, FEfR R
TSI R B o 2 At L oML AR B R IROR
S (P> 0.05), {HAFAEM ML A4 X A e T
32.12%; YA 30 (2008) W 5T Kk B, Tkl s n g
B e LA AN 4 i rPORL B A R OR PR A
SN (P> 0.05), ASWFFE I, 25 5200 41 ff £ 4 0 rfof
EE A B EEES (P> 0.05), & 30(2006)27E %}
P A p i oE h 2 B, R st R X 2 ) a4t
UL P H 8 LR A o AN P AR G 3 R T (P >
0.05), TMivEHE{£%5:(2010)AF 98 K B, BELBEA N
T, B An A AR N R B & i 2 5 B TR R B
A, FLAN IR ER () 45 S2 50 21 B fa 4 f . LA AN P
LG D5 F 3 3 R T X IRAT (P < 0.05) o T TE
Awtgh, Gt iR I S AE 2.20%-2.51%2
b)), 442 m 25 IR E (P> 0.05),

Wang 55 (201058 & 3, Bl Rk rp 86 5 5 1
Baom, EagifaEiEh e S R R LTHE TR
e, 7E 300 mg/kg B, FEHE P EE S AR K (E H W
o T HAR 5256 2H (P > 0.05) , A [a] 52 36 20 2 £ )L A AP A
RS R 25 (P > 0.05), Shearer 45(1992)HF 5%
KB, 4t e R EE IR NN 78 mglkg B, [
IS0 K EE & o 46 mo/L B, [RIRE 9 /2 T fif
T BER TR o P, o B R DA 3 o A A A B A
Bh, AT DL E R DK R ISR A F B EE B TR
JEI:(2012) B 5 42 BR, 1R K F7 5 £ 4 A P B
Wi 5 e Ak 8 A P T v T 2 T R R BE R
it = T 1037 mg/kg B i 2 T B (P < 0.05 =, {HX]iEK
TR FHE fF S HES B B S A B R (P > 0.05);
T b H S 0 X IR K S B TR 2K SR B 1) I T h

1) IR, JURPE A KGR B 2 A £ A fie A IASOR SR RSB v LR 2 L IF 5 AR 2 6138 5C, 1996
2) . HE A A B Mgt o R e R SRR A S L R B AT A A8 3, 2006
3) Jaldh. TPRHBE KX K 5 g K BRI rp 0 A JR AR PR IR B PUAR TS, A SR S A I AR A A8 T, 2012
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o R0 W E Y (P > 0.05) ., B 1kl R K F
P30 A BREfr fa AR | e Sl v R B S T 2
A fk(Yeet al. 2010), AWFFRLER BN, ANREBERINKT
Xttt LA A HE LI YE BE A 2 0 B R R
(P> 0.05), 5JH#(2012)Y. Ye25(2010)Hy 58 45 H—
S, D S 2 FiE DA IR K SR B SRR i B
BRI R

4 i

TRDRLEE Xty £ 4)y i1 AR PR RE STHIA LE | AR LE B
IS5 J3E G e 2 RO 5 DA Xt £ 1)y £ LA LA 1
HUIR I KRG TR 5 X g e fJLpy . A HES
LML & BTC B R o ST LA SR, AN
Ao gfy i a] LT K s A AR U o R A 4 86 2 083
B H BRI TR, I, AN EAE R R MO TEEE
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Dietary Magnesium did not Affect Growth Performance and Fish Body
Magnesium Content in Juvenile Japanese Seabass, L ateolabrax japonicas

ZHAO Min™? LIANG Mengging™®", TAN Feng', ZHENG Keke', XU Houguo', YAN Lei?

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. New Hope Liuhe Group Co., Ltd, Beijing 100102; 3. Laboratory for Marine Fisheries Science and Food Production
Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract  Most of magnesium (Mg) in fish is contained in the bone. Dietary magnesium has been reported
to affect growth in several species, but the effect of dietary Mg on growth of seabass (Lateolabrax japonicus) is
unknown. This study was conducted to investigate the effect of dietary Mg supplement on growth, feed
efficiency, morphometry index, and Mg concentration in vertebrae, muscle and serum of seabass. Six
experimental diets were formulated to contain graded levels of Mg by supplementing the basal diet with 186,
350, 542, 735, 950, and 1220 mg/kg Mg in the form of Mg sulphate (MgSO,-7H,0). Triplicate groups of
juvenile seabass with an initial body weight of (28.0£2.5) g were fed to apparent satiation twice daily for 56 d
with the waterborne Mg concentration of 1115 mg/L. The experiment was carried out in flowing-water tanks.
Dietary Mg supplement did not improve the specific growth rate, survival rate and feed efficiency of seabass
(P>0.05). The hepatosomatic index, viscerosomatic index, condition factor, Mg concentration in vertebrae,
muscle and serum were not affected by dietary Mg supplementation(P>0.05). Also crude protein, crude lipid,
moisture and ash contents in muscle were no significantly different (P>0.05). These indicates the Mg
requirement of sea bass was met by fish fed the basal diet and waterborne Mg concentration. Therefore, it isno
need to additional magnesium supplementation in feed.
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