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, 1.2.1
, , GB/T 5009.124-2003
, 20 mg S 10 mL
(12] , 6 mol/L s s 110°C
, 24 h , 0.02 mol/L
10 mL
200 uL, ImL , 100 puL
, 100 pL , , 1h,
s 400 mL 10 min,
, 0.45 pm
12 18 24 30 36 5 : Waters alliance ;
, Venusil-AA (4.6 mx250 mmx5 um);
, 1 40°C; 1 254 nm; A: 0.1mol
( 7% ); B: 80% ; : ImL/min
. 1.2.2
1 ﬁﬂlﬁ ﬁ/f GB/T 9695.2—2008
1.1 EEHHAIML ,
, (7.16+0.07) g, ’
, 240 L '
1 ,26 [/ 140 L, 1221
, 3030 ) ’ ’
, 1~2.5 122 ) 1222
18(18 ) 2424 ) 36(36 ) 4 , ’ - 100 mg
3 ’ 14.2~19.9°C, 50 mL , 0.5 mol/L
pH  7.67~8.04, 6.55-8.61 mg/L, 4 mL, 10 min
0.17 mg/L, , ; 14% ;
| 3 min, ,
’ 2 (08:30  16:30), , 20 mL NaCl , , 10 min,
1h ’ 2 mL s
100%, 60 d ’
. . 1.2.2.3
1.2 HERERM Agilent
60d 16 7890A ( ) DB-FFAP
) ) (30 mx0.25 mmx0.25 pm)
(25superES3, VIRTIS ) , , 1.0 uL,
220°C, , 35.5 kPa,
1.0 mL/min, , 10 0 1
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:100°C 3 min, )/(WHO/FAO )(mg/g )
10°C, 230°C 15 min , N ,t ;s
(FID) 280°C 37 , WHO , FAO
(47885-U) Supelco
’ 1.4 HAELES %t
, + (means+SD)
. SPSS 16.0
1.3 amE P 5 ’
PLAZ &R E R S H (one-way ANOVA), (P<0.05)
(EAAI) (€S) student-Newman-Keuls
(AAS)
2 #X
EAAI=| 0/ (s)x100x o - .
()X 100% -+ W (5)%100]" 2.1 HEMN KXY EIA T R BRER
cs- (mg/g ) GEAL
(mg/g ) 60 d
AAS= (mg/g 1

F1 BEXNKXESLENADEERRE MBI IN(%)(EHEHREE, n=3)

Tab.1 Effect of different salinities on amino acid composition (%) in muscle of juvenile turbot (S. maximus) (means + SD, n=3)

12 18 24 30 36
5.57+0.17% 5.84+0.10% 5.25+0.09° 5.70+0.22% 6.03+0.30°
2.98+0.05% 2.89+0.12% 2.86+0.08° 3.03+0.07% 3.08+0.07%
3.26+0.14 3.13+0.16 3.07+0.02 3.2440.07 3.30+0.13
12.26+0.68% 12.00+0.71% 10.74+0.80° 12.12+0.44% 12.31+0.65°
3.81+0.23 3.69+0.13 3.64+0.21 3.86+0.13 3.84+0.17
4.55+0.05% 4.44+0.06° 4.56+0.10" 4.7140.11% 4.81+0.14°
4.01£0.06 3.96+0.05 3.92+0.07 3.90+0.11 3.94+0.06
1.87+0.11° 2.31+0.13° 2.49+0.19° 3.54+0.20° 3.7240.22°
4.2440.07%° 4.11+0.12° 4.14+0.06% 4.2540.13% 4.28+0.07*
7.04+0.14% 6.87+0.17° 6.89+0.02° 7.03+0.20% 7.15+0.06*
2.40+0.07" 2.56+0.05° 2.51+0.11° 2.59+0.08° 2.75+0.08*
4.29+0.64 3.83+0.22 3.68+0.19 3.660.20 3.73+0.09
8.06+0.25 7.82+0.20 7.724+0.15 7.73+0.26 7.84+0.05
1.56+0.04 1.55+0.02 1.50+0.02 1.53+0.05 1.58+0.03
4.86+0.25 4.83+0.10 4.76+0.09 4.82+0.09 4.93+0.04
1.51+0.04 1.49+0.02 1.49+0.07 1.53+0.04 1.55+0.04

(TAA) 72.27+2.04% 71.33+1.87% 69.25+0.37° 73.24+2.07% 74.85+1.26%
(EAA) 32.50+1.15% 31.79+0.84° 31.70+0.11° 33.13+1.01% 33.74+0.28*
(NEAA) 33.35+1.56™ 33.17+1.33% 31.29+0.44° 33.76+1.08% 34.60+1.26*
(FAA) 26.18+1.09%° 25.97+1.12% 24.20+0.66° 26.3840.79% 26.98+1.02°
(BCAA) 15.29+0.27 14.94+0.34 14.95+0.03 15.17+0.43 15.37+0.18
EAA/TAA 44.97+1.27 44.57+1.20 45.78+0.26 45.23+0.20 45.08+0.95
EAA/NEAA 81.72+4.15 80.40+3.93 84.42+0.89 82.60+0.68 82.07+3.17
FAA/TAA 36.23+0.97 36.41+£1.33 34.95+0.70 36.02+0.05 36.05+1.09
: (FAA) ; (EAA)
; (BCAA) ; P<005)( 2~ 5 )
42 /2014 /38 / 12
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s R 16 0.18% 44.57%+1.20%~45.78%+0.26% 80.40%+3.93%~
R s 84.42%+0.89%  34.95%+0.70%~36.41%+1.33%,
5.25%+0.09%~6.03%=0.30%, 36 (P>0.05)
24 (P<0.05); 10.74%=+ 60 d
0.80%~12.31%=0.65%, 12 36 24 40.41+1.23~44.46+0.54, ,36
(P<0.05); 3.64%+0.21%~3.86%+0.13%, , 12 , 30 36 3
(P>0.05); 4.44%+ (P<0.05), EAAI ( 2
0.06%~4.81%=0.14%, 36 12 18 60 d
24 (P<0.05) (TAA) (EAA) 3 3 , ( +
(NEAA) (FAA) ) , ,
69.25%+0.37%~74.85%+1.26% 31.70%=* , (
0.11%~33.74%+0.28% 31.29%+0.44%~34.60%+1.26% + ),
24.20%=0.66%~26.98%=1.02%, 36 60d
>30 >12 >18 >24 36 24 4 4 R (
(P<0.05) (BCAA) EAA/TAA EAA/ + ) , AAS
NEAA FAA/TAA 14.94%+ 0.34%~15.37%=+ 1 R AAS s 2
2 FTEABETAZEHFHNENAEANLFTRERIBHEAADCEHELREE, n=3)
Tab.2 EAALI of muscle protein in juvenile turbot (S. maximus) reared at different salinities (means + SD, n=3)
FAO/
12 18 30 36 WHO
( 1)
186.25£3.31%°  180.63£5.46™ 178.75£5.20°  189.38+4.50°  192.50+4.52° 292 250
250.63+3.48 247.50+3.25  245.00+4.38 243.75+4.58 246.25£3.44 411 310
116.88+6.68° 144.3843.98"  155.63£12.18°  221.2549.24% 232.5£10.00*° 386 220
265.00+4.52 256.88+7.24  258.75+3.66 265.63+7.91 267.50+4.43 331 250
440.00+4.88 429.38+£5.39  430.63+1.30 439.38+6.09 446.88+3.55 534 440
418.13+4.16 399.38+3.25°  386.88+6.97°  390.63+5.05°  405.00£4.77° 565 380
503.75+4.77 488.75+6.74  482.50+5.88 483.13+6.13 490.00£5.41 441 340
2180.63+7.85  2146.88+6.10° 2138.13£4.80° 2233.13+£8.17°  2280.63+1.44> 2960 2190
40.41+1.23° 40.62+1.04°  40.74+0.65" 43.5241.39% 44.46+0.54°
: FAO , WHO
3 TEABETAZEHYNENAZEERHNUED(CS)(FEHELIREE, n=3)
Tab.3 CS of muscle protein in juvenile turbot (S. maximus) reared at different salinities (means = SD, n=3)
12 18 24 30 36
( 1)
0.64+0.01%® 0.62+0.02%° 0.61+0.02° 0.65+0.01%° 0.66+0.01°
0.86+0.01 0.85+0.01 0.84+0.01 0.83+0.02 0.84+0.01
+ 0.40+0.03° 0.49+0.02° 0.53+0.02° 0.76+0.02° 0.80+0.03%
0.91+0.01 0.88+0.02 0.89+0.01 0.91+0.02 0.92+0.01
1.51+0.02 1.47+0.02 1.47 1.50+0.01 1.53
+ 1.43+0.01° 1.37+0.02° 1.3240.02° 1.3440.02° 1.39°
1.73+0.03 1.67+0.02 1.65+0.02 1.65+0.03 1.68
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x4 TRBETREFHNEINAZTLRHIEERD (AAS)(TFHELIREE, n=3)

Tab.4 AAS of muscle protein in juvenile turbot (S. maximus) reared at different salinities (means = SD, n=3)

12 24 30 36
( 1)
0.75£0.01° 0.72+0.02%° 0.72+0.02%° 0.76+0.01°° 0.77+0.01°
1.00£0.01 0.99+0.01 0.98+0.01 0.98+0.02 0.99+0.01
+ 0.47+0.06° 0.58+0.04° 0.62+0.03° 0.89+0.04° 0.93+0.05°
1.06£0.02 1.03£0.03 1.04+0.01 1.06+0.03 1.07+0.01
1.76£0.02 1.72+0.02 1.72 1.76 1.79
+ 1.67£0.02° 1.60+0.03" 1.55+0.03° 1.56+0.03" 1.62°
2.02+0.04 1.96+0.03 1.930.02 1.93+0.04 1.96
FAO/WHO 7]
. [14]
> ( N ) [2, 4]’ , ’
22 B KE L 6 IUA b RS BB A - .
) s
#) %" @
60 d
5 5 , 23 , ’ [4]’
’ (SEA) 4 NE) (
(MUFA) 6 (PUFAS) 13 )
(TFA)  88.65%=0.68%~89.66%=+0.32%, .36
, 12 , 18 , 18 12 ,
30 (P<0.05) (EFA)  3.28%=* .18 24
0.04%~3.58%=0.10%, , 24 , 12 , 12
(P>0.05)
(NEFA)  85.11%%0.78%~86.38%+0.37%, , 12 ,
, 18 , 12 30 18 “
(P<0.05) SFA 27.51%%0.37%~29.83%+0.35%, ,
, 12 , 36 , 12 36 (P<0.05),
, SFA EPA+DHA ,
PUFAS 23.53%=1.30%~25.74%+0.25% ,
34.95%+1.01%~36.88%-+0.64%, , (O/N)!3,
(P>0.05), 36 >30 >24
>12 >18
3 Wi , ’
WHO/FAO
[13]’ ,
i (EAA/TAA)  40% ,
, (EAA/NEAA)
[ , 60% U EAA/TAA
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x5 BEXMKXESLEINABIEREMBFIEN(%) (FIELHREE, n=3)

Tab.S Effect of the different salinities on fatty acid composition (%) in muscle of juvenile turbot (S. maximus) (means +

SD, n=3)
12 18 24 30 36
(%)
12: 00 0.03 0.03 0.04 0.03 0.04
14: 00 4.54+0.18 5.13+0.31 4.82+0.15 4.79+0.21 4.83+0.13
16: 00 19.9240.17 18.72+0.24 18.97+0.86 18.68+1.18 18.11£0.25
16: o7 4.7540.23° 5.56+0.35° 5.20+0.24% 5.29+0.20% 5.44+0.09%
16: 105 0.18+0.01 0.20£0.01 0.200.01 0.21£0.01 0.20+0.01
16: 204 0.39+0.01° 0.46+0.02° 0.43+0.02%° 0.43+0.02%° 0.41+0.02%
16: 403 0.38+0.01° 0.51+0.03° 0.46+0.02%° 0.48+0.03%° 0.52+0.03°
18: 00 5.34+0.18 4.50£0.22 4.82+0.27 4.77+0.22 4.53+0.09
18: 1w9 12.30+0.23 12.67+0.38 12.52+0.11 12.65+0.32 12.79+0.41
18: lo7 4.02+0.03 4.11£0.06 4.09+0.02 4.06+0.11 4.05+0.07
18: 206 2.84+0.03 3.01£0.10 3.07+0.09 2.97+0.14 3.04+0.14
18: 204 0.31+0.01 0.33£0.01 0.34+0.01 0.32+0.02 0.310.02
18: 303 0.44+0.02 0.53+0.02 0.51+0.03 0.49+0.02 0.41+0.04
18: 4w3 0.81+0.03° 1.05+0.02° 0.96+0.04%° 1.02+0.05° 1.08+0.05°
20: 1w9 1.81+0.14 1.86+0.12 1.79+0.10 1.80+0.11 1.76£0.06
20: lo7 1.14+0.07 0.93£0.06 0.510.02 0.72+0.06 0.52+0.03
20: 206 0.36+0.02 0.37£0.02 0.36+0.01 0.34+0.02 0.32+0.02
20: 306 0.14+0.01 0.15+0.01 0.12+0.01 0.13+0.01 0.14
20: 406 1.50+0.04° 1.25+0.06° 1.34+0.08° 1.32+0.05° 1.29+0.07°
20: 403 0.56+0.02 0.63+0.03 0.59+0.03 0.590.02 0.60+0.03
20: 5w3EPA 7.25+0.35° 7.30+0.15° 7.50+0.13% 7.91+0.28% 8.19+0.34°
25: 503 2.98+0.03 3.1320.14 3.10+0.19 3.09+0.12 3.02+0.01
22: 603DHA 17.67+0.54 16.23+0.77 17.46+0.86 17.50+0.74 17.55+0.58
TFA 89.66+0.32° 88.65+0.68" 89.18+0.22% 89.58+0.45° 89.15+0.39%
EFA 3.28+0.04 3.54+0.06 3.58+0.10 3.45+0.15 3.45+0.18
NEFA 86.38+0.37" 85.11+0.78" 85.60+0.22% 86.13+0.59° 85.70+0.27%
SFA 29.83+0.35° 28.38+0.26% 28.65+1.18% 28.27+1.09%° 27.51+£0.37°
MUFA 24.20+0.60 25.33+0.52 24.31+0.77 24.73+0.94 24.76+0.57
PUFAS 35.63+0.11 34.95+1.01 36.24+1.17 36.59+0.87 36.88+0.64
EPA+DHA 24.9240.21 23.53+1.30 24.96+0.85 25.41+1.36 25.74+0.25
EAA/NEAA 44.57%+1.20%~45.78%+0.26% (EAAI)
80.40%+3.93%~84.42%+0.89%, WHO/FAO ,
, EAAI
, 30 36 )
(36 )
, 36 > 30 s
>12 >18 >24 , 24 36, , ,
(Channa argus) CS AAS ( 3,

L4, ( + )
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[18] 3 6
; (TFA)
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, EFA SFA 12
,TFA  SFA ,  EFA PUFAS
EPA+DHA , 36 ,
EFA PUFAS EPA+DHA
, TFA  SFA
[12]
4 NG
, 30 ) (36 ),
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FAA EFA PUFAS EPA+DHA ,
SFA
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Effects of salinities on muscle amino acid and fatty acid com-
position of juvenile turbot (Scophthalmus maximus)

ZENG Lin" 2, LEI Ji-lin" 2, LIU Bin?, HONG Wan-shu', Al Chun-xiang'

(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)

Received: Jun., 15, 2013
Key words: Scophthalmus maximus; juveniles; salinity; amino acid; fatty acid

Abstract: The amino acid and fatty acid compositions in muscles of juvenile turbot (Scophthalmus maximus) (body weight
of 7.16g+0.07g) were investigated, which have been reared at salinities 12, 18, 24, 30 and 36 for 60 days. The results
showed that total amino acid (TAA), essential amino acids (EAA), nonessential amino acids (NEAA) and flavor amino acids
(FAA) contents in muscles of juvenile turbot were 69.25%+0.37%~74.85%+1.26%, 31.70%+0.11%~33.74%=0.28%,
31.29%+0.44%~34.60%=1.26% and 24.20%+0.66%~26.98%+1.02%, respectively. The content gradient was showed as
follows: salinity 36 > salinity 30 > salinity 12 > salinity 18 > salinity 24, and those of fish reared at salinity 36 were signifi-
cantly higher than those of fish maintained at salinity 24 (P<0.05). The contents of branched chain amino acids (BCAA),
EAA/TAA, EAA/NEAA, FAA/TAA were 14.94%+0.34%~15.37%=+0.18%, 44.57%+1.20%~45.78%+0.26%,
80.40%+3.93%~84.42%+0.89% and 34.95%+0.70%~36.41%=+ 1.33%, respectively. There were no significant differences
between groups (P>0.05). The essential amino acid index (EAAI) was 40.41£1.23~44.46+0.54, increasing with the rise of
water salinity. The EAAI of fish reared at salinities 30 and 36 was significant higher than those of other salinity groups
(P<0.05). The total fatty acids (TFA) and non-essential fatty acids (NEFA) contents were 88.65%+0.68%~89.66%+0.32%
and 85.11%+0.78%~86.38%+ 0.37%, respectively. The TFA and NEFA of fish reared at salinities 12 and 30 were significant
higher than those of fish adapted to salinity 18 (P<0.05). The contents of polyunsaturated fatty acids (PUFAS) and
EPA+DHA were 34.95%=+1.01%~36.88%=0.64% and 23.53%+1.30%~25.74%+0.25%, respectively. The content gradient
was showed as follows: salinity 36 > salinity 30 > salinity 24 > salinity 12 > salinity 18, all of which had no significant dif-
ferences between groups (P>0.05). The essential fatty acids (EFA) content was 3.28%+0.04%~3.58%+0.10%, no significant
differences were observed between groups (P>0.05). The saturated fatty acids (SFA) content was 27.51%=*
0.37%~29.83%+0.35%. The EFA in fish maintained at salinity 12 was significant higher than that of fish reared at salinity
36 (P<0.05). Therefore, the qualities of free amino acid and fatty acid in muscles of fish reared at salinity 36 had been
greatly improved in comparison with those of the control (salinity 30). This study provides important references for mecha-

nistic researches on energy metabolisms of osmoregulation and salinity selection in turbot mariculture.
(AL §5#)
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