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AR E] R BT (7,16 £0.07) g, fdt TS
W o yfis i B S2 0 3L M 5, 43 B 4 AE 2R B
240 L(J&7K 140 L) ML B s Al h e 9% 1 8, %
BESk 26 /A, R I # K 783500, 77 58 K iR
Heat UK . FRAE K AR BE R 30 (X R 4L) Y 3
filt b, R R TERE 1 ~2.5 4300 & 12,18 .24
36 SFUE M Eh BEARBE , B AL PR B 3 N H
1R R FIAIG AR B R AR K (30) 559 7K i BIR
K VRTC I B, B R4 7K %2 R 100% o K 32 6 4 £
FE T Y R B PR35 vl By 1 S E 2O IR SE
B KRR BT A48 & 2 ¥ (08:30 F1 16:30) , i
F) e Rk G 7 R SR AR bR LR 1
1.2 #HmREMSH

60 d i FR LI 45 WG, RZZ 6F 4t 11k 24 h
Jei R R 45 SR B A N FAR Y RV T SR A KR
THRCR R, WS AL 8 B fa, FR
AR AR PR R E AR
JBEDER LRI b, RIS A 1 mL v S AR &
i R A B 9,4 C vk A B 3 ] S 4 000
r/min B0 10 min ff 5 BB A TR AEE IR AE
TWRATHTAKRE(GH) & &l & ,GH & &t
SR HICH R B 928 3 (RIA) W 5E (|H 75 B 15 25 15 B
DrBhIE ) o bk 8 2 fa AR A e BT A
LRI AE T - 20 CkARAE, TR HEN .
FELRR 107 R 43 5 B ek A3 A o ARDRERT 8 JIL PR e i K
G HLEE 1 HLI 7 B K 43 45 &5 iR i AOACH
)7 200 BT o DR B LA R i 7 105 CTHRR &
6T 7 K 43 5 AR R A I EC O i R R
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Tab.1 Formulation and proximate composition of the
experimental diets % ,dry weight
JF Rl ingredients H ] percentage
f4 %) fish meal 63.5
il soy lecithin 2
i3 fish oil 4
o JEK a-starch 5
o HEH T 4k a-cellulose 20
i 4 7 binder 1
MR — & %5 calcium dihydrogen phosphate 0.5

¥ R 4% mineral premix® 1
4 FIR A Y vitamin premix® 1
K S OP#ENE soy lecithin 2

J&43 43 analytical composition

T dry weight 93.02
ML [ protein 52.21
HLIE WG lipid 10.17
KA carbohydrate 4.91

Va5 H IR 49 (me/ke R : CuSO, - 5H,0,10; FeSO, -
H,0,80;ZnSO, - H,0,50;MgSO, - 7H,0,1200;Ca(H,PO,), -
H,0,5 000;Ca(I0,),(1% ),60;MnSO, - H,0,45;CoCl, (1% ),
50;Na, SeO, (1% ) ,20; 3 77 %5 ,8 485

b. 4 A R G (mg 5 1U/kg R - 442 R A BEBRBR, 16 000
IU; 44 % B, ,24.5; 464 % By, 19. 8544 % B, ,0. 1; 4L %
D,,2 500 IU; 44 & E BSFRIGE ,200; 484 % K, (MSB) ,5.1; Ve
Fi2 P, 1 000 ; ARG ,1 000 ; 5 AL I 8,2 500 ; JLEF , 784 5 £ 4 Kk
W, 500 5 JHRR , 198 532 TR 5 ,58. 8 £% #1 3 ,36, MR, 19. 6, AL W R,
1.2

Notes ;: Mineral premix ( mg/kg diet) : CuSO, - 5H,0,10;FeSO, -
H,0,80;ZnSO, - H,0,50;MgSO, - 7H,0,1 200;Ca(H,PO;),
- H,0,5 000; Ca(I0y), (1% ),60; MnSO, - H,0, 45; CoCl,
(1% ) ,50;Na,SeO; (1% ) ,20;Zoelite,8 485

Vitamin premix ( mg or IU if mentioned/kg diet) : retinyl acetate,
16 000 IU; thiamin, 24. 5; pyridoxine, 19. 8; vitamin B12,0. 1;
cholecalciferol, 25 000 IU; all-rac-a-tocopheryl acetate, 200;
menadione sodium bisulfate,5. 1 ;calcium propionate,1 000 ;ascorbic
acidpolyphosphate, 1 000 ; choline chloride,2 500 ; myoinositol, 784 ;
ethoxyquin, 500; niacin, 198; D-calcium pantothenate, 58. 8;
riboflavin,36 ; folic acid,19. 6 ;biotin 1.2

1.3 HELXLESZITHH
SRR Z B LLR A U AT AR
¥ E B K & ( specific growth rates, SGR, % /
d) =100 x (e -1),
Hrp g =(LnW, -LaW,)/t
£ 1% & (survival rate, SR,% ) =100 x (N,/
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N,)

2 % (feed intake ratio, % /d) =100 x W,/
(W, +W,)/2 xt

1A} % (feed conversion efficiency ,FCE) =
(W, - W,) /W,

HE 3% ¥ ( condition factor,CF) =100 x W/L’
Ao, W REE LA R BT (g) , W, o K32
B IR R B (g) L1 N SEE RE(d) ,N, R
FROFL RN AL, Ny RESERI IR 1 5, W oh
R T HE(g) L AR (em),

SEG R (X% = FRif22) SR SPSS 16.0
B AT 8 R O 2 423 4> # ((One-Way
ANOVA), [ 25 W &N (P <0.05), 17
student-Newman-Keuls £ & 3545 #7 o

2 45

2.1 HEMNAEZEFHYEERKMOFBFERBEN
AL

REZZEF Lt 35 60 d I, 45 50 B 40 %) (1 45
TEHEKZ(SGR) K 1.45 ~2.00 % /d, £ 36 41
ek BRI 12 R/ LT 12 4158 5% T it b
JEL (P <0.05), Hoe 4 3h B4 Z (8] ¥ T 3% 1
ZH(P>0.05) (K1),

250

o
=
H =
P
—
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K% / (%/d) SGR
o — : t
g 8

(=]

2 8 24 30 36
P salinity

1 FRSBETAZERHENBEEKE
AR PR R 257 (P <0.05)  ¥fik A 3 AN EE
4o T

Fig.1 Specific growth rates of S. maximus

reared at different salinities

Different letters denote significant differences ( Student-Newman-
Keuls test, P < 0. 05) between salinity groups. Data from three

replicates are combined. The same as the followings

KEEOF4 R 5% 60 d )5, 45 58 1 40 4 £ 10 75
FifY) GH & &0 0.41 ~1.66 ng/mL, L& 36 4H

TR R 12 AR/ R E 18 136 B T
XHHEAL (P <0.05) , R 12 240 1 25 A% T % i 4l
(P<0.05) (K 2),

2.00 r
a

jen b T
© 150+ T .CI_
—~ C
—
% T
£ 1.00
X 0.50 T
H

0

12 18 24 30 36
L salinity
B2 AEHRETAZH2E GHKEZL
Fig.2 GH level of S. maximusreared at

different salinities

2.2 HEWNAESHEREEBREEIEHE.
BEE 42 EE | BT 4 Eb 048 4 380 R 19 85 0

FEE G4 0 R 32 60 d S5, & h B 4L 4
B B DR R I B A L B
IR 2, IR 2 af i, BREh B2 12 %) fa
(A7 AN 80. 77 % A, Ho Ay h i 40 4t 1 17
RN 100% , 56 B 12 H ) 7T R B &
MTHEHEH(P<0.05), ghaiFa RN
1.19 ~1.28 % /d, b BF 30 2 &k, £hBF 12 4 &%
AN, ERRE 12 f 24 4 B OEARF M4 (P <
0.05) , Hg b B4 5 % B4 2 8] 3% JC & 35 1 2
F(P>0.05), 4hfa BBk 3.23 ~3.42 g/
em’  Eh 36 4l ok, T 24 AN, K E 4
ZIBT R E 2R (P >0.05), 4L
H4.84% ~5.65% ,Eh B 36 4l E Ak, Eh A 18 41
BN, R RE 18 4 IR T R IR AL R ER 36 41
(P<0.05) , HEshEHzE¥ L EHER
(P>0.05), #hfafiF AR 1.04% ~1.20% , £k
BE 36 A fi K, AR 18 dldp/N, $h A 18 4 i 31K
THEREH(P<0.05), HEHh EHZ T
WEEZER(P>0.05),

K224y fa 4 3% 60 d 5, AS [) £h 18 21 ) R 2L
% (FCE) } 1.12% ~1.38% , b )i 36 41 & K, £h
BE 12 fH /N, R F 18,24 F1 36 2H W 3% T 0 B
H(P<0.05), MiEhfE 12 418 EF(LT X4 (P <
0.05)(F2 MK 3),
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Tab.2 Survival rate,feedconversion efficiency,feed intake ratio,condition factor,

viscera index, hepatosomatic index of S. maximus reared at different salinities

R /Yoo JRL I %/ % WEFE/(%/d) HE i B/ (g/cm?) I A 1./ % JF1A L/ %
salinity survival rate feed intake ratio CF VSI HIS
12 80.77° 1.19 £0.04° 3.30 £0.23 5.07 £0.45% 1.19 +0.11°
18 100.00* 1.25+0.01% 3.29 0. 14 4.84+0.19° 1.04 £0.08°
24 100.00*° 1.21 £0.05"° 3.23 £0.17 5.13 £0.34% 1.17 £0.09*
30 100.00* 1.28 £0.03" 3.37 £0.10 5.48 +0.37* 1.18 £0.16*
36 100.00* 1.25+0.05% 3.42 +0.05 5.65+0.11°% 1.20 £0. 14
1.50 r a a a 3 AEAHETAZEHHENANFEERD.
=— T b = BRSPS & B
- -f— Tab.3 Protein,lipid, moisture and ash content in
2100t muscle of S. maximus reared at different salinities
S % ,fresh weight
% o ML HLAg i K4y W5y
1—}2 0.50 salinity protein lipid moisture ash
ey
£ 12 16.95 +0.06* 3.52 £0.14" 74.54 +0.61 4.84 +0.60°
18 16.97 £0.03* 4.11 £0.35° 74.59 +0.87 4.03 £0.70°
0

12 18 24 30 36
LB salinity
3 ARBETAREFHEHRBLE
Fig.3 Feed conversion efficiency of S. maximus

reared at different salinities

2.3 HEXAEFELEAKS RN
REEGEL) a1 35 60 d I, 4% £h BE 41 4 fa JIL A
TR D RLBR I KA R Ay B RELER 3.
T3 PR, A AN R R RLE A S R
7 16.39% ~16.97% ,£5 33 18 4 &5, Eh % 36 4
A, BRELFE 12 A 18 41 2 fu] JC W 3 1k 22 S 4k
(P>0.05), H g 430 8 4l 2 () 35 77 1 35 v 22
S (P<0.05), Bk b 2h LA L A & &
FRBA KRR B W TH = T B A . 4% 3R 414l L Y
R RLAR I & R 3.52% ~4. 11% 45 )% 18 41 I
LR 12 AR, $hE 12 4 B E K TR 18
41(P <0.05) , e b B4l Z M ¥ 0 8 %2R
(P>0.05), &EhEAL@ENA KGN
T4.31% ~75.45% , 4% &5 B 40 2 [a) ¥ OC W 3% ok 22
S (P>0.05), £ B 36 4 By, 0 24 4R K.
B AL TR IK R 3.79% ~ 4. 84%
R 12 4l B 24 IEAR, IR E 12 1B
m FIEER A (P <0.05) e gl Z ¥
TREEZER(P>0.05),

24 16.66 £0.03" 3.94 £0.35" 74.31 £0.65 3.79 +0.15"
30 16.46 £0.05° 3.87 £0.33" 74.47 +1.25 3.82 +0.24°

36 16.39 £0.02¢ 3.96 £0.32% 75.45+0.47 3.97 +0.32°

3 e

0 2 LA 5 2% (9 WL SHe V8 5 9 3 T ST £ B T
AEFFILOE R R B Y . BB R I
T Ao A X H N 6 18 R ke e B L I e
T % 35 VR B ) BRI I R A 4 e T
FERREAE R, BFSUR M, MK H % 10% ~20%
O 50% 1 B Atk i £ LB B TR AT, REREIY
T RE15 fAF0 Rl R B T S AR /N Ak B ]
FEVE SIS IR OE T DRI, 2 0 2 A 0 AR
Tl HE T TR N B 3 T 1 K BRI I A (A8 1 T
VB R R, 2 R T k%
KU, BT WL, )8, ( Platichthys flesus) {E
AR5 B I A KPR A D ke R S £ 2
TEARER IR B o, JL A KOOF RS B4 &, 2k i 5
T p T UL, R £ 2 AR K RE B B
AL RE . RS i a2 1 R K A
SR R AR OR S L RS R B, TE R
JiE 9 15 A50FTF H 9% 10k 35 6 &) f B A R B
FAAFEAEER BE o 25 F133.5 & Fggha'™ ;i
1] 8 4 95 £ 5 ) B 7 37 B K PR R R T T 0
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KU AEERBE R 5 AR R 3R 1 o B 4 £ R
WOR W& TR FRAEER N 19 3 44 T 4
T RS A AR S R A
h 14 ~28 FRFE KR P RETT B B g . ALK
P ORISR G R B, A0 AR B 18 41 hT L) Bl
REEBE G ) A &, (A R o A K (SGR) il il
BEOR (FCE) 53 E MM G A B E . X Tk
BE 12 40 5, K 22 6T & fa 1A U e B K AR B B
& ,Na*-K*-ATPase i J1 5 /) B35 5 & 8 35 ir
e R0 fH 2L SGR FCE il I & 41 2 #it
A, X 15 Gaumet %5 BF 53 £h JiF A5 1k X K 35 6%
gl f0 A PR RS I Y 45 SR AR Bl R R R 2 A
JE S AR S5 O 4 B4 B 6 31 Ak S T LR
FEAR ML S Iy (B 4) %5 300 ok A Fl
Mgt RIS R Y B AR AR AL, A
S BRI RE I K AL T A A BE R 4R HE, T
B R AKT 41 SGR Ml FCE, X F i I #h )% IX.
(FhPE 18 F1 24 41) Wi &5, KZE 64 Na"-K " -
ATPase i J % T4k B 30 41 (xF i 2) ™™, i K
SGR #1 FCE 5 F X} Bt 41, Na"-K " -ATPase i /J
(EPERIE) 55 SGR HI FCE Ji, i A 3¢ , B R AR £
RER 3% AE K, X 15 Imsland 28 B 58 45 S A L,
7 A R B G (1 A AT AR AR O A S A K
GH 4y /K FHe s, [ B F 35 o3 TR 0 3 B it
14 BE 2 AE G b, T 2 R RE T T i SGR
FCE, X} Th/ 36 4l 5 , K2E 641 Na®-K " -
ATPase I f1 & F B4 ,{H SGR F1 FCE 1 &
T B AL, B 4R BE 3% T SGRAITFCE , 5 DU

4 HEDRAREHHEFRHARE(BEFHXL)
Fig.4 Fester on the caudalfin of S. maximus

reared at the salinity 12 ( black arrow)

TR A —8 . B2 A IR B
TR R 2 B Ji ™l A5 PR 2R R ) A, L A B R AT
e e K ZEBF 4 i) SGR FI FCE %/ 4 4 b i
F 0 GH KR e 1, 5 B 58 IR R 46 B 19 A0 5%
PER 3%, 3X 5 Imsland 2 BF 57 K 35 6F 4 £ 1M
i H IGF-I /K°F- 5 SGR il FCE Z [i] (1) )& & AH L

st LA AR R R, e B
F& FRBE RN SR AR S Hod, 3R R L
PR R S IR R . AR5 98 E FEE T
T LI RE A LR 9 BB e 28 R 1 R I
W AE R A AT BEE s I,
B X 2R A FRALRE B 25 A S R e T AR Y
26 g M AR 0 0 AR Ak, B ER RE S UL PR
B o ASSEESF W . 45 R 4L IR K 22 BE L)y fa LA R
R 8 AE A 35 P 22 5 R AR 1 Bl R R 1 T
R T A s R B 12 AL ML AR WK T T AR A,
KR ESTHEREAN, ez m
B0 AN 23 2 G Bk 25 S L 5 A A 2
FEER B X8 2 T 5 8 UL PR R AR 5 T B 45 R AN —
o oA — IS B PR R LA R
A 5 ] R R 2T S o KL R 1 BE R B Y T i T
A%, T Na ™ -K " -ATPase {if Jj Fifi £h B2 (1) T &5 0 3
KU BB R T B A R k&
FEAR AL, AT LU 2 N/O 525 ok o — 2B 36 3E .
LRI AIG (FR 12 41) X K 25 B 4 4 1 S )
(P& 4) g ARy = A 7 515 W), 5 LA A1 1 RE
KAEFFAAE, T2 H TR BUIR DT 1 g 5 A5 X 4520
] B BLAA P9 TE L 1 & o A R e e o TR, R R
12 AR RLBR iR T & dh B L, i K o i3 T B
N, KREHMEHZEK YL FEER, H
2 B A R R 25 BT &)y AT AR 9 19 38 0B R Y B
T3 A AR B I Ao A AR 2 R R N Y Il
RS T e B RO Bk — B E ] T K2
B — Rl BRSO TR AT X
FIRIR I 7 & W i 225K, AT LA 2 B AIK % 78 7K 1A
R R AR KSR BT R A
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Effects of salinities on growth and flesh quality of
juvenile turbot( Scophthalmus maximus)

2 %

ZENG Lin'?, LEI Jilin'** | LIU Bin®, HONG Wanshu', AI Chunxiang', ZHU Jianxin’
(1. College of Ocean and Earth Sciences ,Xiamen University ,Xiamen 361021, China;
2. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China)

Abstract; The specific growth rates (SGR ) , growth hormone ( GH ) , survival rate, feed intake ratio, feed
conversion efficiency ( FCE ) and body composition in muscles of juvenile turbot( Scophthalmus maximus)
[ body weight of (7.16 £0.07) g ], which had been reared at salinities 12,18,24,30 and 36 for 60 days,
were investigated. The results showed that the SGR of the fish reared at salinity 18,24 ,30 and 36 were 1.97,
1.87,1.87 and 2.00 % /d,respectively, with a survival rate of 100% for these groups(P >0.05). However,
the SGR and survival rate of the fish reared at salinity 12 were 1.45 % /d and 80.77% ,respectively,both of
which had significant differences in comparison with those of the control( salinity 30) (P <0.05). GH was
the lowest in the fish reared at salinity 12 and the highest at salinity 36, both of which had significant
differences in comparison with that of the control (P <0.05). FCE and feed intake ratio were 1. 12% -
1.38% and 1.19 - 1.28 % /d, respectively. FCE was the lowest in the fish reared at salinity 12, and the
highest at salinity 36 ,both of which had significant differences in comparison with that of the control( salinity
30) (P <0.05) ; while feed intake ratio was the highest at salinity 30, and the lowest at salinity 12, with
significant differences compared with that of the control( P > 0. 05). Although SGR had not significantly
correlative with salinity , SGR increased with the rise of FCE and GH. The crude protein decreased with the
rise of water salinity and showed significant difference between groups( P <0.05). Fish reared at salinity 12
had the lowest crude fat and highest ash content ,both of which were significantly different from the control
(P <0.05). Moisture had no significant differences between groups( P >0.05). Thus, the results indicated
that the changes in salinity could have significant impacts on SGR,GH,FCE, feed intake ratio and protein in
muscles of juvenile turbot. Rearing in brackish water can enhance growth performance and flesh quality of
the fish,and the proper salinity is 18. The results from this study provide important reference for salinity
selection in turbot mariculture.
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