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GC/MS fifh
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PUFA > SFA > MUFA, DHA EPA ARA , fif
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1 302.82mg/g,
(P<0.05), (P<0.05),
11 (P<0.05);
4 .
il ’ o , 3 (P<0.05),
(P<0.05);
; 24h ,
72h ; 5d , 10d ’ ’
10—20g,
12h, ’
135.43mg/g, (P<0.05),
50 ’ ’ ’ 136.73mg/g
12 (P<0.05), (P<0.05)
1.2.1 6 mol/L 110 ’ 2 ’
24h, ,  2mL
0.02 mol/L 2mL, ’ >
, 835-50 ; (P<0.05),
1.5
1.2.2 1.0g, (P<0.05),
5% 15mL, 25mL,
, , 10000 r/min (P<0.05) fiy
10min, 835-50 (P>0.05)
2.1.2
1.2.3 2 ,
0.1—0.2g, Bligh-Dyer  (Bligh et al, 1959),
2min Smin, ) 6.31mg/g,
3000r/min 6—8min, , 10, 42%,
Metcalfe ~ BF3 54.85mg/g ,
(Metcalfe et al, 1996), KOH-
60 2h, Imin,  QP2010 (P<0.05),
. (P<0.05),
( , 2000) (P<0.05)
1.3
“SPSS version 19.0” (P<0.05),
(one-way ANOVA); , (P<0.05) ,
Duncan , P<0.05
+ (P<0.05);
(P>0.05),
2 (P<0.05),
2.1 ,
2.1.1 ,
1, (P<0.05) 2 , fil /

1.4%—20.0%
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Tab.

x1 RREREE

1 Changes in total amino acid content (mg/g DW)

BT (mg/g FE)

Essential
Met
Lys
Val
Ile
Phe
Leu
Thr
Arg
His
Trp
Sum essential
Non-essential
Hyp
Ala
Pro
Ser
Glu
Tyr
Asp
Gly
Cys
Sum non-essential

Sum free amion acids

32.23+1.07°
4.07+0.70°
40.01+3.06°
35.17+1.05°
37.33+6.30°
57.70+8.71°
37.87+4.54°
42.50+0.69°
15.07+1.24
0.41%0.05¢
302.82+15.76

0
22.80+1.47°
16.70+3.40°
32.80+1.54°
21.03£1.37°
13.38+0.99°
14.60+0.52°
13.30+1.05¢
0.37+0.12°
135.43+4.35°
438.25+19.97°

19.07+0.93¢
14.20+1.42°
24.83+1.99°
18.93+1.29°
23.4742.79°
31.73+1.04°
27.40+2.10°
36.23+1.74
15.17+0.96
6.59+0.35"
224.2249.40°

0.80+0.17°
11.40+1.04°
11.53+1.19°
26.27+2.18°
24.53+1.74°
7.97+1.21°
22.00+1.95°
19.07+1.65°
1.2040.52°
124.77+3.41°
348.99+12.80°

21.43+1.29°
0
25.53+1.42%
21.13+0.93"
32.07+1.06"
84.73+2.42°
28.60+1.37°
35.20+3.10°
15.57+1.42
4.6240.34¢
273.50+0.88"

1.13+0.29%
11.07+1.59°
15.27+0.83"
34.47+1.82°
21.93+1.40°
8.50+1.08"
21.10£1.05°
22.07+1.00°
1.20+0.44°
136.73£0.70°
401.23+0.81°

18.20+0.56°
7.73+1.19°
23.00+0.10°
19.80+1.05%
26.03+1.02%
30.43+1.17°
25.63+0.95"
44.60+0.62°
13.70+0.17
7.98+0.25°
224.97+4.42°

1.2740.31°
11.03+1.86°
15.40+0.78"
25.63+0.95"
23.50+2.82°
7.20£0.46°
20.87+0.67
18.63+0.95°
0.70+0.17*
124.23+1.74°
349.20+2.72°

z2

(P<0.05)

HEaERYIERSLaEBLEmgg TE)
Tab.2 Changes in total free amino acid content (mg/g DW)

Essential
Met
Lys
Val
Ile
Phe
Leu
Thr
Arg

Sum essential
Non-essential

Hyp
Ala
Pro
Ser
Glu
Tyr

Asp
Gly

Cys
Sum non-essential
Sum free amion acids
/

0.04+0.01¢
2.91+0.02¢
0.16+0.05¢
0.13+0.02¢
0.06+0.02¢
0.25+0.02¢
0.23+0.05¢
0.40+0.02¢
0.58+0.09¢
4.77+0.07°

0
0.27+0.02¢
0.06+0.02¢
0.80+0.09¢
0.17+0.03¢
0.12+0.03¢
0.05+0.01°
0.10+0.02¢
0
1.54+0.15¢
6.31£0.17¢
0.01

4.33+0.16"
7.75+0.07*
2.44+0.06*
1.86+0.07°
3.26+0.12°
5.19+0.05°
4.03+0.06*
3.63+0.06"
6.03+0.10°
38.51+0.04°

0.04+0.01*
6.15+0.06"
1.04+0.11°
5.70+0.11°
4.47+0.05°
3.50+0.03"
1.55+0.08"
3.93+0.09°
0.10+0.01°
28.62+0.32°
67.14+0.29°
0.02

2.06+0.44°
2.72+0.14¢
1.42+0.05°
1.3840.10°
2.19+0.09°
3.83+0.02°
2.03+0.05¢
1.89+0.09¢
4.3240.96°
21.84+0.92°

0.02+0.01°
3.74+0.05¢
0.90+0.07°
3.36+0.02°
3.03+0.13°
2.20+0.04°
0.91+0.05"
1.55+0.06"
0.04+0.02°
17.64+0.15°
39.48+0.81°
0.10

2.71+0.10°
7.10£0.09°
2.60+0.23¢
2.19+0.05°
3.73+0.06*
4.38+0.09°
2.60+0.16°
2.55+0.06"
7.39+0.30°
35.25+0.17°

0.03£0.01%
3.93+0.06°
1.1940.06°
4.10+0.02°
3.1240.10°
3.2+0.06°
1.0440.90°
1.48+0.11°
0.05+0.02°
19.60+0.24°
54.85+0.41°
0.16
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2.2 fih (PUFA) 6 YSFA
3 fil , fih 33.86%(P<0.05), SFA
, 332.52mg/lg  C16:0( ) C18:0( ), C16:0
114.81mg/g, ,  20.67%, ,

>

13.39%(P<0.05); C18:0

274.24mg/g, )
366.85mg/g 2 ; YMUFA
%3 BEBSNHEAENSEmy TE) ; (P<0.05),
Tab.3 S. marmoratus’s total lipid content in different C18:1 n-9 ( ) 12.4%,
developmental stages (mg/g DW)
11.4%, s
1.5 YPUFA
332.52+12.37° 114.81+9.75% 274.24+10.41° 366.85+16.32"
33.27%—51.27%, ,
4 fil R >SFA YMUFA PUFA 1/3 PUFA
26 DHA 15.57%—37.31%, EPA
14 24 , 8.19%—9.58%, ARA( ),
(SFA) 14 (MUFA) 3.75%—6.27%
x4 BEHEMEBEHRIARE S (%)
Tab.4 Fatty acid composition of S. marmoratus in different stages (%)

C14:0 1.70+0.13° 3.93+0.62° 2.05+0.10° 0.73£0.18°
9-M-C15:0 0.1140.02° 0.16+0.03° 0.14+0.02° 0.40+0.14*
12-M-C15:0 0.02+0.00° 0.70+0.12* 0.03+0.01° 0.04+0.01°

Cl15:0 0.19+0.01¢ 1.04+0.07° 0.57+0.09° 0.42+0.05"
14-M-C16:0 0.09+0.01¢ 0.48+0.04° 0.34+0.09¢ 0.22+0.03°

C16:0 20.67+0.54° 16.28+0.56° 15.06+0.33¢ 13.39+0.43¢
C16:1n-7 6.35+0.46° 0.01=0.00° 0 7.13+0.33°

15-M-C17:0 0.27+0.04¢ 0.47+0.04° 0.33+0.03° 0.72+0.05"
14-M-C17:0 0.06+0.01° 0.31+0.03* 0.16+0.05° 0.13+0.04°

C17:0 1.42+0.10° 0.94+0.08° 0.93+0.08" 0.93+0.08"

9,10-CP-C17:0 0.01+0.00" 0 0

C18:0 6.94+0.12° 5.70+0.33° 13.30+0.21° 13.06+0.27°
C18:1n-9 12.40+0.53¢ 11.04+0.08¢ 14.43+0.46" 19.31+0.39*
C18:1n-7 3.61£0.05° 5.03+0.06° 4.80+0.10° 6.75+0.18"
C18:2n-6 0.99+0.03¢ 0.83+0.07¢ 1.74+0.10° 1.56+0.08°
C18:3n-6 0.07+0.01¢ 0.23+0.06" 0.34+0.02° 0.33+0.02°
C18:3n-3 0.64+0.02° 0.48+0.04° 0.59+0.03° 2.09+0.10°

C19:0 0 0.39+0.02° 0.36+0.03" 0.01+0.00°

C20:0 0.21+0.02° 0.72+0.03* 0.53+0.06" 0.52+0.04°
C20:1n-9 0.29+0.02¢ 0.73+0.04° 0.81+0.01° 1.70+0.02°
C20:4n-6 3.75+0.16° 4.17+0.16" 6.27+0.37" 4.50+0.50"
C20:5n-3 8.19+0.33° 8.25+0.21° 9.58+0.50° 9.22+0.36°

€22:0 0.02+0.00° 0.0120.00° 0.07+0.01° 0.7120.05"
C22:1n-9 0.16+0.02¢ 0.22+0.03° 0.42+0.09" 0.610.08"
C22:6n-3 31.54+1.43° 37.31£0.59* 26.53+0.23¢ 15.57+0.52¢
C24:1n-9 0 0.14+0.02° 0

Yn-3 PUFA 39.73+1.60° 45.56+0.39" 36.11+0.56° 24.79+0.87¢
Yn-6 PUFA 3.75+0.16° 4.17+0.16" 6.27+0.37" 4.50+0.49"

Y SFA 31.71+0.55° 31.1240.57° 33.86+0.37° 31.30+0.51°
YMUFA 22.81+0.94° 17.03+0.09¢ 20.68+0.53¢ 35.50+0.34°
YPUFA 45.18+1.70° 51.27+0.35° 45.05+0.37° 33.27+1.31°

S DHA+EPA 39.73+1.61° 45.56+1.29° 36.11+0.56° 24.79+1.07¢
EPA/ DHA 25.97% 22.11% 36.11% 59.22%

>
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(P<0.05), >SFA YMUFA YPUFA
5 5 R fi 36.02 19.55 58.86 mg/g, DHA
, 17 DHA , Cl16:0 C18:1n-9 EPA C18:0 Cl16:1n-7
, (P<0.05); s
(P<0.05), (P<0.05), YSFA YMUFA 3PUFA
s 10 1.6 1.9 1.1,
C18:3n-6 C20:1n-9 C20:5n-3 C22:0 C22:1n-9 Cl16:0 C18:0 1.2 5.6 , DHA
C24:1n-9 6 EPA ARA 72.76 2627 17.20
, mg/g; , >MUFA Y SFA
(P<0.05), C16:1n-7 (P<0.05), >MUFA
, 1.3 , 17

(P<0.05) >SFA YMUFA >PUFA 114.83

fih PUFA SFA , 130.24 122.05 mg/g, 1/3
150.23 mg/g 105.40 mg/g, MUFA , 5 1 2 >SFA YMUFA 3} PUFA

75.85 mg/g , DHA Cl16:0 , >n-3 PUFA >n-6 PUFA
, 104.88 mg/g  68.74 mg/g; I, fih , >.SFA/
C18:1n-9 EPA , 41.23 mg/g 27.23 mg/g; >MUFA YPUFA/YMUFA (P<0.05),
, MUFA SFA PUFA ,
x5 BEMZNEEIEBRHEBRMEIRSEmee TE)
Tab.5 Actual contents of main fatty acids in S. marmoratus of different stages (mg/g DW)

C16:0 68.74+1.78° 18.69+0.64° 41.3143.14° 49.13+4.23°
C16:1n-7 21.10+1.54° 0.01£0.00° 0 26.17+1.22°

C17:0 4.73+0.32° 1.08+0.09¢ 2.54+0.27° 3.4140.29°

C18:0 23.07+0.38° 6.54+0.48¢ 36.46+2.35° 47.91+1.34°
C18:1n-9 41.23+5.80° 12.67+0.09° 39.58+1.25° 70.84+1.45°
C18:1n-7 11.99+0.16" 5.77+0.29° 13.16£0.87° 24.76+0.88"
C18:2n-6 3.28+0.40° 0.95+0.08¢ 4.76£0.27° 5.74+0.29*
C18:3n-6 0.23+0.04° 0.26+0.06° 0.93+0.06" 1.210.04°
C18:3n-3 2.12+0.34° 0.55+0.04° 1.61+0.30° 7.67+0.50"

C20:0 0.69+0.10° 0.83+0.09° 1.46+0.11° 1.92+0.21°
C20:1n-9 0.97£0.05° 0.84+0.05° 2.23+0.27° 6.22+0.43*
C20:4n-6 12.48+0.85" 4.79+0.28° 17.20+1.00° 16.49+3.22°
C20:5n-3 27.23£1.11° 9.48+0.93¢ 26.27£1.51° 33.81+2.02°

C22:0 0.05£0.01" 0.010.00° 0.19+0.06" 2.6240.17°
C22:1n-9 0.54+0.14° 0.25+0.08° 1.16+0.24° 2.24+0.29°
C22:6n-3 104.88+4.76" 42.83+0.68¢ 72.76+3.03° 57.13£1.91°
C24:1n-9 0 0.38+0.01° 0.010.00°
>n-3 PUFA 134.24+5 .47 52.86+1.45° 100.64+1.79° 98.61+4.25"
>n-6 PUFA 15.99+0.50° 6.012£0.19° 22.89:0.94° 23.44+3.49°

S SFA 105.40+1.80° 36.02+0.74° 92.87+0.73¢ 114.83+3.89°
YMUFA 75.85+4.859° 19.55+0.44¢ 56.52+1.41° 130.24+1.23°
YPUFA 150.23+5.75° 58.86+1.49° 123.54+1.54° 122.05+5.08°

SDHA+EPA 132.11£5.34° 52.31+1.48¢ 99.04+1.55° 90.94+3.91°
EPA/ DHA 0.26 0.22 0.36 0.59
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Fig.1 Changes in relative ratio among essential fatty acids in developmental egg and larvae of S. marmoratus
(P<0.05)
> PUFA/Y SFA (P<0.05), SFA C16:0 MUFA
PUFA R Cl6:1/C18:1 s
MUFA > SFA > Cle6:1 R
PUFA , , (P<0.05), C18:1
(P<0.05), DHA/EPA
PUFA > SFA > MUFA PUFA |, >n-3 PUFA/Yn-6 , (P<0.05)
PUFA fil , EPA/ARA DHA/ARA (P<0.05),
(P>0.05), EPA DHA ARA R
(P<0.05) R DHA EPA
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Fig.2 Changes in relative ratio among essential fatty acids in developmental egg and larvae of S. marmoratus
3 / 1.4%, fiy ;
3.1 fih )
fig
, , (2002) figy 23.23% (P<0.05),
1 s 30.13% 7.83%,

20%—50%
et al, 1993) 2 ,

(Cynoglossus semilaevis)

2% —3% (Rennestad fif

fiy

2007)
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10 41.20%,
, fif] (Pelates sexlineatus)
(Brown et
al, 2005; , 2007) (Salmo
salar) (Srivastava et al, 1995) (Salmo
gairdneri) ( , 2011)
fifl 1d ,
, , fily
) , 50%
( ,
), 50%
(Rennestad ef al, 1993)
fi 1 ;

b 6 b
fih
, fil
3.2 fi
( ,
2006) fify ,
DHA C16:0 , C18:1n-9  EPA,

(Scophthalmus maximus)
(Pagrus major)
(Klungseyr et al, 1989)

(Hippoglossus hippoglossus)

, fiy
(Sparus aurata)
( , 2002),
fif , PUFA
MUFA  SFA, ( ,
2007) (Melanogrammus aeglefinus) (Plante
et al, 2007)
, SFA MUFA  PUFA
( ,2013)
( , 2013) 1
2, figh ;
C16:0 > C18:1 > EPA > DHA > ARA
, PUFA SFA  MUFA
, SFA MUFA
,SFA MUFA PUFA figh
MUFA > SFA > PUFA MUFA
SFA figh
, MUFA SFA , PUFA
SFA  MUFA ( ,2002)
(Pelteobagrus fulvidraco) ( , 2008)
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(Maccullochella macquariensis) (Gunasekera

et al, 1999) MUFA
, MUFA  Cle6:1 C18:1
,SFA  Cl16:0 C18:0 figh
5 ,
; fif
Cl6:0 C18:0 ,
(Oplegnathus fasciatus)
( , 2011; ,
2013)

, EPA° DHA ARA
(Lie, 1993), n-3
PUFA(EPA DHA)
(Gunasekera et al, 2001) n-6
, ARA , ARA
( ,2013) , fih
DHA EPA  ARA,
PUFA
,EPA° DHA ARA
, figh ,
EPA DHA
DHA EPA ARA
) fi
s DHA PUFA
( ,2013) Mourente
DHA

(1996)

firh ,SFA  C16:0
C18:0, MUFA  C18:1, PUFA DHA EPA
ARA ,
PUFA > SFA > MUFA ,
C18:0 C18:1 PUFA )
C18:0 C18:1 ,
fih ,
PUFA n-3 PUFA ,
YPUFA , DHA EPA
ARA , ,
fiy DHA,

(2013)

, 2011.
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, 50—54
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, , , 2007. figh
, 31(3): 293—302
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COMPOSITION AND VARIATION OF AMINO ACID AND FATTY ACID
IN FERTILIZED EGGS AND LARVAE OF SEBASTISCUS MARMORATUS
IN DIFFERENT DEVELOPMENTAL STAGES

GUO Chung-Yang', LIN Shao-Zhen’, GONG Jian-Hua', ZHAO Chun',

XU Shan-Liang'

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Zhejiang Mariculture Research Institute, Wenzhou 325000, China)

QIU Cheng-Gong',

Abstract

development stages. Amino acids and fatty acid composition of the fish in four stages (fertilized eggs, first larvae fish,

To investigate amino acids and fatty acid composition and changes of Sebastiscus marmoratus in different

prophase larvae fish, and late stage larvae fish) were analyzed in GC/MS. Five results were followed. (1) The total amino
acid content decreased significantly from fertilized eggs to first larvae fish stage, then increased significantly during
prophase larvae fish stage, and finally decreased significantly again in late stage larvae fish (P<0.05). (2) The total amount
of free amino acids during first larvae fish was the highest among the four stages, which was 10 times of the fertilized eggs.
The ratio of free amino acids each stage was 1.4%—20.0%. (3) The maximum content was DHA (104.88 mg/g) and C16:0
(68.74 mg/g) in fertilized eggs, followed by C18:1n-9 (41.23 mg/g) and EPA (27.23 mg/g). (4) The main fatty acid
selective consumed during endogenous vegetative stage of S. marmoratus was in the sequence of C16:0>C18:1>
EPA>DHA>ARA, and MUFA>SFA>PUFA for the utilization of fatty acid. (5) The fatty acid utilization was in sequence
of PUFA>SFA>MUFA during exogenous vegetative stage after weaning larvae, of which DHA was selectively consumed
compared to EPA and ARA. We found that the ratio of free amino acid in the fertilized eggs accorded with features of
demersal eggs of marine fishes, showing different selectivity when the fish consumed fatty acid during different early
development stages. C16:1, C16:0, C18:0 and C18:1 are main energy substances during early development stage. Therefore,
it is necessary to enrich the diet with a certain level of amino acids, such as isoleucine, leucine, tyrosine, etc. as well as
polyunsaturated fatty acids DHA.
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