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Spatial and temporal variation of fatty acid composition in Argentine hake ( Merluccius
hubbsi) in the Southwestern Atlantic Ocean during austral spring and summer. WANG
Shao-gin'*, YANG Qing-yuan', ZHU Guo-ping' ", SONG Qi' ('College of Marine Sciences
Shanghai Ocean University, Shanghai 201306, China ; *National Engineering Research Center for
Oceanic Fisheries, Shanghai 201306, China; > Polar Marine Ecosystem Group , The Key Laborato-
ry of Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University , Ministry
of Education, Shanghai 201306, China).

Abstract: Argentine hake ( Merluccius hubbsi) , one of the important fish species with highly
commercial value, is the target species for bottom trawl fishery in southeastern Atlantic Ocean. In
this study, gas chromatography-mass spectrometry ( GC-MS) was used to measure the fatty acid
composition of Argentine hake. We examined the potential difference of each fatty acid composi-
tion, including saturated fatty acids ( SFA), mono-unsaturated fatty acid ( MUFA) and poly-
unsaturated fatty acid (PUFA) across different standard lengths, months and latitudes. The re-
sults showed that the contents of different types of fatty acids was in order of Y PUFA>Y SFA>
> MUFA. Specific fatty acids with higher levels included C22.6n3 ( docosahexaenoic acid,
DHA), C16:0, C18:1n9¢c, C20:5n3 ( eicosapentaenoic acid, EPA) and C18:0. Among them,
DHA had the highest content, accounting for 35.27% of total amount of fatty acids. The high ratio
of PUFA/SFA suggested that Argentine hake can be considered as the supplementary material for
PUFA. Across different standard length classes, higher contents of 3 SFA and Y PUFA were
found in small standard length class (20.1-30.0 cm), where DHA and EPA in Y PUFA were
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relatively higher, making n-3/n-6 enlarged, indicating that smaller individuals were more nutri-

tious than larger ones. Except for n-3/n-6, there was no significant difference of the content of

fatty acids across months. The highest n-3/n-6 ratio was found in January, indicating that muscle

tissue of Argentine hake had higher nutrition in this month. There was no significant difference in

contents of each fatty acid across different latitudes and sea surface temperatures.

Key words: Argentine hake; fatty acids; Southwestern Atlantic Ocean; nutrition.

FATAR AE TCI S ( Merluccius hubbsi Marini 1933) f&
WAL A Sl i A et A R ) £ R 3 A S 34°S—
55°S H# & KA 50 ~ 500 m ( Cousseau et al. ,
1998) , 2009—2013 4, BuJ 4 £ VA S5 4F 7 5 £ 7.5
10° kg, % 11 (5 46% , H: v BT AR 4E TG 20 % 57 ik 44 K
(2 G40 7 5 1Y) 80% ) , H AR ™ H 3 M AR e (Zatt-
ara,2011) o HAAJ P E &6 F &1 n-3 Fl n-6 R
SUNE W7 R, B T C18:2 Hl C18: 3 45 b 75 g i R
(essential fatty acids, EFA) &b, if £ & C22: 6n3
( docosahexaenoic acid, DHA ') | C20: 5n3 ( eicosapen-
taenoic acid , EPA) Fl1 C20 :4n6 (arachidonic acid, AA)
SRR NAE A AR 7 R At B i 0 25 4 R T R
XSS T R AE B 1 N0 I A5 AR LR 5 A i ik e
KB 1 E A #HEAE A (Bourre, 2007 ; Simopoulos,
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Fig.1 The study area and sampling locations
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Fig.2 Standard length frequency percentage of Merluccius
hubbsi in the Southwestern Atlantic Ocean
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2.2 BAIHRAETCA S i I i 4 A

W 1 iR, Bl AR 2 T2 5 AL PA) 4 A 0
15 Fh s Wi R, SRR Wi IR & 1 °F- 398 26.68 £9.06
mg - g~ H AP 6 FPEFIRE I R (saturated fatty
acids,SFA) (C14:0.C15:0.C16:0.C17:0,C18.0 #i
C23:0) , 5 BG IR 25 H ) 40.51% ;4 Fp PR 1 AN
fig Wi B2 ( mono-unsaturated fatty acid, MUFA )
(C16:1n7 .C18:1n9¢ . C20.1 Fl C22.1n9) , /5 g
R & B 12.65% 55 i Z2 A AR R ( poly-un-
saturated fatty acid, PUFA) ( C18: 2n6c, C18: 3n3,
C20; 4n6, EPA 1 DHA), (& & g Wi R & & )
46.84% . Y, PUFA fil 3 SFA B & & T X MUFA,
PUFA/SFA J5FEI N 0.53~1.74 ,F3{8 M 1.24+0.29,,
n-3 JEMIRR & M (6.12~24.52) mg - g SEIME N
11.77£3.85 mg - ¢, W & T n-6 JEWIMR & = (°F
70.63+0.23 mg - g7'),n-3/ n-6 FI K 19.60 +
4.08, PSRRI o8 DHA, 5 SR
Mo Eny 35.27%, HIR &&= m A Cl6: 0,
C18:1n9¢ EPA Fil C18:0, 43l /5 &L R i 2 7 1 1Y)
30.37% .9.09% .8.74%H17.79% .,

F 1 FRIATEFFTIRE TS Y AS B B8 4B Y
Table 1 Fatty acid composition of Merluccius hubbsi in the
Southwestern Atlantic Ocean

RS FEE L il
(mg-g™") (%)
Cl14.0 0.31 £0.19 1.18
C15.0 0.11+0.05 0.42
C16.0 8.10+3.26 30.37
C17.0 0.14+ 0.08 0.53
C18:0 2.08+ 1.21 7.79
C23.0 0.06+ 0.00 0.23
C16:1n7 0.57+ 0.33 2.12
C18:1n9¢ 2.43+ 0.99 9.09
C20:1 0.28+ 0.18 1.04
C22:1n9 0.10 0.39
C18:2n6¢ 0.25+ 0.10 0.95
C18:3n3 0.12 £0.03 0.44
C20:4n6 0.39 £0.18 1.44
C20:5n3 2.33 £0.86 8.74
C22:6n3 9.41 £3.20 35.27
SFA 10.81+ 4.59 40.51
MUFA 3.38 £1.42 12.65
PUFA 12.50+ 4.04 46.84
PUFA/SFA 1.24 £0.29 -
n-3 4.27 +1.23 16.00
n-6 11.77+ 3.85 44.08
n-3/n-6 19.60 +4.08 -

2.3 JRNiRR 4K AR Ak

% 2 AT, 3/ IMAR 2 ) BT AR AE TC 20 65 i 15 1R
Fhsi %, Hor fig 105 R b 28 i 2 AR 41 30.1 ~
35.0 em( 14 F) , HK 51514 25.1~30.0 em (13 F)
F135.1~40.0 em (12 F) LKA, HEKA Y
SFA FI Y PUFA &8 T S MUFA, H S SFA #1 Y
PUFA 7E/MAEKZ i) & R, X MUFA AR
HBARKHF Y n-3 BT X n-6,n-3/n-6 TE/MEK4H
(20.1~30.0 cm) B8 (21.30+3.32) ¥ & TR A K
2H(P<0.05), ALK 4HF DHA C16:0.C18:1n9¢ .,
EPA 1 C18.0 X JLF g i e & & ¥4, Hop
DHA Fl EPA 7E/MAK2H (20.1~30.0 em) A & 85
L (10.12+3.87) mg - g HI(2.54+1.02)
mg - ¢ ' IETERK A 25.1 ~45.0 cm 2 [0] 3% W8
IS B /ME ST R (7.44+£0.53) mg - g7 FIT(1.99+
0.54)mg - g”', #E 50.1 ~55.0 cm X K 41 B} 58K,
C16:0 fe i & i W AE /MA K 41 (20.1 ~25.0
em) , M (11.72+4.29)mg - ¢~' ,¥£ 20.1~35.0 cm &
W/, B /ME R (7.14£2.53 ) mg - o', 7E 40.1 ~
60.0 cm ZHHE NN, KKK (50.1~60.0 cm) 5H/7)
AKZH (20.1~30.0 em) 1 C18:1n9¢ i HA B3
PEZE R (P<0.05) , RIKK A IME R (3.15+1.16)
mg ¢ ', B & F/MEK L (2.06£0.65)mg - g7,

FIH Pearson A0 IR 56 45 2 B8 5 R 5 A< AR
ARG, 25 H R, €16 1n7 FiT €201 4390 5 &
KZ A BF R IEASE (P<0.05)  HH5C R B0 o
0.31 F10.41, HAh 45 BANBE 7 R 7 1 5 1R Z 18] 3
JC R FHERE(P>0.05) (% 2) .
2.4 JRWIRAL A h 255

M 12 H—34E 4 & A AR 5
B3R 2R 8EMS B, BRI Z/MTER,
n-3/n-6 TE45 A 0y Z (A AE A i E Pk 25 5% (P<0.05) ,
HARRR I FRAL LA 25 H A5y 8] TG b 2% 25 55 (P>0.05)
(%3), S HERBEILFIENIR R C22:6n3
C16:0.C18: 1n9¢,C20;5n3 F1 C18:0, PUFA
T 1 A B, 7 (13.8325.25)mg - ¢ ,2 HilY
PUARAE, M (11.39£1.91 ) mg - g”',2—4 HiZ#i I
Jt,Hp DHA #l EPA & &5 PUFA [k ia#—
B, SFAEET 1 H BB EE (11.88+7.12 mg -
g") AHT 4 A B EAK(9.05+4.44 mg g_l) ,HoA
1) C16:0 5 SFA WL —3, n-3/n-6T 1 H
IR (21.1243.82 mg - ¢ 1), T3 A Bl
fRME (16.70+£3.47 mg - g7') (F£3),
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Table 2 The variations of fatty acid composition and contents of Merluccius hubbsi with length classes
4k Fhit(mg - g™") P
20.1~25.0 em 25.1~30.0 cm 30.1~35.0 em 35.1~40.0 cm 40.1~45.0 cm 50.1~55.0 cm  55.1~60.0 cm
C14.0 0.39+0.16 0.26+0.51 0.31+£0.17 0.39+0.29 0.27+0.14 0.37+0.26 0.25+0.12 0.74
C15:0 - - 0.08 0.15 - - - -
C16:0 11.72+4.29 7.68+2.77 7.14+£2.53 8.23+3.12 7.47+0.13 8.48+3.90 10.41+2.30 0.53
C17:0 0.25+0.10 0.14+0.37 0.11+£0.04 0.14+0.03 0.12+0.02 0.17+0.06 0.14+0.06 0.94
C18:0 3.71+1.17 1.98+1.41 1.77+£0.67 1.86+0.81 2.05+0.17 1.98+1.15 2.85+0.57 0.63
C23.0 - - 0.06 - 0.06 - - -
C16:1n7 0.51+0.34 0.41+0.64 0.56+0.53 0.71+£0.41 0.48+0.16 0.93+£0.54 0.66+0.19 0.05
C18:1n9¢ 2.35+1.09 2.00+1.41 2.52+1.25 2.63+1.06 2.27+0.34 3.32+1.55 2.92+0.66 0.06
C20:1 0.31+0.00 0.18+0.42 0.26+0.17 0.24+0.13 0.40+0.22 0.33+0.12 0.55+0.49 0.02
C22:1n9 - 0.10+0.32 - - - - - -
C18:2n6¢ 0.30+0.18 0.25+0.50 0.25+0.09 0.27+0.11 0.16 0.35+0.14 0.16+£0.06 0.72
C18:3n3 - 0.11+0.33 0.10+£0.04 0.12+0.02 - 0.14+0.06 - 0.30
C20:4n6 0.35+0.20 0.34+0.59 0.43+0.26 0.33+0.09 0.35+0.06 0.47+£0.07 0.56+0.11 0.11
C20:5n3 2.90+1.73 2.46+1.57 2.17+0.98 2.14+0.51 1.99+0.54 2.29+0.44 2.61+0.57 0.64
(C22.6n3 9.75+3.21 10.21£3.19 9.55+3.51 8.56+2.19 7.44+0.53 9.60+1.00 7.59+1.21 0.42
> SFA 17.54+5.62 10.23+£6.26 9.63+3.35 10.61+£4.26 9.93+0.13 10.94+5.39 13.66+3.04 0.55
S MUFA 3.07+1.57 2.47+0.78 3.27+1.69 3.58+1.50 3.14+0.71 4.59+2.05 4.13+£1.34 0.02
> PUFA 13.30+5.30 13.27+£5.03 12.43+4.55 11.39+2.61 9.87+0.07 12.68+1.58 10.92+1.94 0.51
PUFA/SFA 0.77+0.20 1.37+ 0.21 1.31+0.25 1.17+0.32 0.99+0.01 1.30+0.45 0.80+0.04 0.18
>n-3 12.65+£4.92 12.68+4.85 11.75+£4.27 10.78+2.52 9.43+0.01 11.98+1.43 10.20+£1.77 0.90
> n-6 0.65+0.38 0.59+0.20 0.67+0.31 0.60+0.18 0.43+0.06 0.70+0.19 0.72+0.17 0.85
n-3/n-6 21.01+4.06 21.58+3.02 18.53+4.72 18.71+£4.32 21.93+2.91 17.63+3.65 14.25+0.86 0.15
*3 MRELMNEREHBARMETEATH
Table 3 Monthly variation of fatty acid composition and contents of Merluccius hubbsi
il Ght(mg - g™") P
121 1 2 11 31 4 J
C14.0 0.44+0.20 0.28+0.17 0.22+0.14 0.39+0.25 0.26+0.23 0.43
C15:0 - - 0.04+0.07 -
C16:0 8.75+3.41 8.92+4.32 7.39x1.44 8.51+2.67 6.99+3.34 0.91
C17.0 0.15+0.05 0.18+0.12 0.15 0.13+£0.04 0.13+0.06 0.95
C18.0 2.15+0.95 2.53+1.84 1.92+0.63 2.01+0.75 1.71+0.85 0.95
C23.0 0.06 - - - 0.06 -
C16:1n7 0.89+0.47 0.42+0.25 0.33+0.14 0.69+0.35 0.62+0.46 0.16
C18:1n9¢ 3.15+1.42 2.15+0.67 1.89+0.22 2.69+0.84 2.57+1.56 0.37
C20:1 0.30+0.16 0.10+0.12 0.16+£0.22 0.28+0.28 0.34+0.22 0.49
C22.:1n9 0.01+0.03 - - -
C18:2n6¢ 0.28+0.11 0.27+0.10 0.25+0.04 0.28+0.08 0.15+0.18 0.98
C18:3n3 0.10+£0.07 0.02+0.04 - 0.04+0.06 -
C20:4n6 0.37+0.06 0.36+0.15 0.29+0.09 0.43+0.16 0.44+0.17 0.74
C20:5n3 2.29+0.33 2.65+1.08 2.15+0.21 2.44+0.64 2.30 £1.22 0.13
C22.6n3 8.97+2.27 10.53+4.14 8.70+1.58 8.89+1.90 9.51+4.16 0.15
> SFA 11.47+4.62 11.88+7.12 9.60+2.31 11.05+3.62 9.05+4.44 0.25
> MUFA 4.34+1.93 2.67+0.97 2.37+0.58 3.66+1.31 3.52+2.19 1.55
> PUFA 12.01+£2.65 13.83+5.25 11.39+1.91 12.08+2.24 12.39+5.63 0.11
PUFA/SFA 1.12+0.27 1.25+0.32 1.25+0.50 1.18+0.34 1.41+0.27 0.68
>n-3 11.36+2.51 13.20+5.05 10.85+£1.79 11.37+£2.13 11.81+£5.33 0.82
> n-6 0.65+0.17 0.63+0.24 0.54+0.12 0.71+0.19 0.58+0.30 0.83
n-3/n-6 17.64+2.50 21.12+3.82 20.15+1.24 16.70+3.47 20.89+2.69 0.05
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Table 4 The variation of fatty acid composition and con-
tents of Merluccius hubbsi by latitude

AR Fit(mg-g™") P
44.00°5-44.99°S  45.00°S-45.99°S  46.00°S-46.99°S

C14:0 0.28+0.26 0.38+0.16 0.33+0.21 0.21
C15:0 - - 0.15 -

C16:0 6.90+3.84 9.23+3.61 8.43+3.43 0.35
C17:0 0.13+0.09 0.18+0.10 0.15+0.08 0.92
C18:0 1.59+0.94 2.51£1.33 2.18+1.36 0.48
C19:0 - 4.40 2.93 -

(23:0 0.06 - 0.06 -

C16:1n7 0.68+0.50 0.54+0.36 0.57£0.37 0.16
C18:1n9¢ 2.70+1.77 2.49+0.88 2.44£0.94 0.09
€201 0.49+0.05 0.24+0.07 0.29+0.21 1.91
€22:1n9 - - 0.10 -

C18:2n6¢ 0.24+0.18 0.29+0.11 0.27+0.08 0.98
C18:3n3 - 0.14 0.12£0.04 -

(20:4n6 0.45+0.20 0.41£0.17 0.37£0.12 0.56
(20;5n3 2.48+1.34 2.83+1.12 2.34£0.70 0.55
(22:6n3 9.93+4.68 10.56+2.19 9.28+3.37 0.34
Y.SFA 8.85+5.10 12.89+5.64 11.20+5.38 0.39
Y MUFA 3.74+2.46 3.17£1.33 3.22+1.40 0.22
Y PUFA 13.04+6.28 14.11£3.42 12.29+4.04 0.38
PUFA/SFA 1.52£0.17 1.22+0.38 1.18+0.29 2.27
¥n-3 12.41+5.96 13.41+3.18 11.67+4.01 0.61
Yn-6 0.63+0.32 0.70+0.27 0.61+0.18 0.71
n-3/n-6 20.11+2.37 20.31+4.17 19.02+3.82 0.69

x5 MRELAEEHBRANTSERRELTL

2.5 JRWIRRALSA a1 A1k

TELEE AT b LVRE 19 —4, 430 3 41, AR
BESGEAMREABIRK N 4 8.7 B 22 &,
HR R T 200 R, 45 DR iR & = Bl 26 B2 i 1
To B E ML (P>0.05) (£ 4), X SFA il Y PUFA
BRI LE 45.00°8-45.99°S H B B AL, 4 0N
(12.89+5.64)mg - g ' Fl(14.11£3.42) mg - g ', H:
H1 5 DHA Fl EPA &= 7245 B iy 8 1k — 3, 39 7E
45.00°S-45.99°S I B mifE, X MUFA &5
YSFARFI X PUFA & i A7 A I 1 A8 4k #a 3, 78
45.00°S-45.99°S Ak, n-3 Hl n-6 i 15 B2 ¥ 7F
45.00°S-45.99°S I iR =i {E, C20:4n6 Bl 26
OB | TR
2.6 X T R AL BB R R

DL 1o M B Rk REA Sy A 4 A, AR S S iR A
MIREABUR IR 6 & (15 & .6 BRI 6 B, A SCRA
S RIRAR R RN RIRVE R 10.61 ~13.71 C ,°F
¥IE R 11.82+0.88 °C . P+ F 2401 IR, AR
FAREFIRAEATE 43 (P>0.05) FIA 7] 4 B 2 8] 44
ToBEMZES(P>0.05) , 45 N5 107 7 5 BE 3 R 1Y 1
s Je e AL (P>0.05) (£ 5)

Table 5 The variation of fatty acid composition and contents of Merluccius hubbsi by sea surface temperature

£V Fht (mg-g™") P
10.00~10.99 C 11.00~11.99 C 12.00~12.99 C 13.00~13.99 C
Cl14:0 0.40+0.21 0.26+0.15 0.43+0.33 0.30=0.15 0.28
€150 - - 0.02+0.06 - -
€160 8.52+3.10 8.28+3.58 8.13+3.69 8.92:4.12 0.99
€170 0.15+0.04 0.14+0.10 0.130.06 0.200.12 0.97
C18.0 2.15+0.85 2.22+1.56 1.84+0.91 2.47+1.51 0.88
C19.0 - 2.93 - 4.40 -
€230 0.06 - - 0.06 -
C16:1n7 0.80+0.47 0.45+0.20 0.82+0.49 0.44+0.32 0.06
C18: In9¢ 2.96+1.35 2.24+0.65 2.84x1.53 2.23+0.77 0.37
€20:1 0.29+0.15 0.18=0.24 0.26=0.21 0.19+0.20 0.63
€22:1n9 - 0.01=0.03 - - -
C18:2n6¢ 0.23+0.15 0.26+0.06 0.25+0.18 0.27+0.13 -
C18:3n3 0.08£0.07 0.02+0.05 0.02+0.06 - -
€20.4n6 0.38£0.06 0.39+0.15 0.43=0.20 0.36+0.14 0.86
€20:5n3 2.18+0.41 2.40+0.81 2.62+1.13 2.75+1.17 0.69
(C22.6n3 8.77+£2.09 9.98+3.70 9.19+4.17 10.05+2.58 0.86
S SFA 11.20+4.19 10.88+5.22 10.54+5.00 11.84+5.74 0.97
S MUFA 4.05+1.86 2.89+1.02 3.91+2.14 2.83+1.18 0.24
Y. PUFA 11.65+2.53 13.05+4.51 12.51+5.41 13.43+3.87 0.89
PUFA/SFA 1.10+0.25 1.27+0.28 1.28+0.37 1.25+0.37 0.70
Sn-3 11.04+2.38 12.40+4.37 11.83+5.16 12.80+3.62 0.88
Sn6 0.61+0.19 0.64+0.19 0.68+0.31 0.63+0.26 0.95
n-3/n-6 18.70+3.42 19.39+3.64 18.34+4.44 21.34+3.57 0.52
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3.1 fBWIMRZ AL

AWFFE Y BT AR AE TS 5 15 i i R i 2%

Hor 45 6 Fh SAT, 4 F MUFA, 5 " PUFA), Lt

Méndez 45 (1997 ) AIF 5T 1) AT A 2 G 200 55 T 10k 149 g s
RN (3£ 12 3 B SAT, 4 Fff MUFA,5 #h PUFA)
£7 3 P A EEERY SAT(C15:0,C17:0 F1 €23.0),
HAFAR B2 H 1) 3 Fhar Bk SAT & 54
R(B/NT 0.2 mg - g™, 1A AT AR 2 T4 55 L 1A A
JFRELA LT Rg Wi RR Fh AR AL, ABF5E v, & 2508
IR & R/ IMRICH X PUFA> X SFA> 3 MUFA , {H
HRAETCARU JFIE 1) £5 SRR I R 7 1t K/ X MUFA >
> PUFA> Y SFA ( Méndez et al., 1997), T E AR
TEYMUFAR) C20:1 A1 C22.1 &8 b, £ FEIE
FRFP2E | Méndez 55 (1997 ) WF5T T B M 4L JC 20 655 1T
U 1 B o PR 4L %, T A L AR £ SR 5 R M €160,
C18:1.C20:1.C22:1.C20:5 A1 C22:6, HAE4 4
C20:5<C22 .6, X FFA 1A iy i HH f S W R AIE (Ack-
man, 1980) ., AHF5E & F /0 €201 Al C22: 1,
HARNRWIFR & & 5 HAHL, €201 F1 €221 JZTCH
fi; DX Bl £ £ 900 ) HE 248 7R (Ackman et al. ,1988) ,
ATIEFE 1 UL PR 4 2 v e 9 O B 1R % i A /b,
Méndez %5 (1997 ) iff 53 & 2R BT H3 4E 020 5 T ) 25 2%
F1A) 3K R F T 5 et s v, U BFL R UL PR L 2k
JHF U 2 237 ] AR S T 20 5 i £ 7 o £ 25 1) IX 53 T
T HAT AP AR . €226 85 1) 0 7 R £ 3 fle
P th B AR (Méndez, 1997) , A BF5E
€226 P (2T RIRIIRR & & 35.27%) , i
HF BT AR A2 TC A 85 L PA) 2H 2] 4 A 0 a3 R 3
PP IR, 27 AT HR 2 T3 £ UL PR 2 2 G 5 TR
Y BURFIE , ZE S R Tl 1 FH Hh n] s 8 L IR 4 40m
TV B AR B AR Sy R R I
3.2 JEWNimRREA AR 1

AFFELE B W, Y SFA F1 Y PUFA 1E/MAK
Hrh g R e, Horh o W 14 DHA Fil EPA,
KM F BB IEA n-3/n-6, & 5K n-3/n-6
VLB Z AR X N 254G 25 (Simopoulos, 2002) , H & kb
A A A S SR (E U F8 A8 (Huynh et al., 2009) ,
AT NSRBI SE TC /08 AL A 41 2L n-3/n-6
PRy, LA B K BTAR AR T AT 5, 7NV A
B AR A TC A 5 SR v, P RRJR R . — T
1], 5 H AR o AR B BRI IR R TR A G, AR

P RE TR A PRI . F SR AR & BURIER &, I
SRR DR & B RE TR T e AR AR, 2R
PUFA 28358 A & & i, Rl 88 ke,
AR TR /NS AR BT AR A G20 55 3 R i ) LA 3
S BRE T AR AE AR W, ity A2 2R Ml B 25 77
Wt B 7225 ( Temperoni et al. ,2013) , A5 B~ , B
HRAE TCA 5 A AT 2 e PR AR IS & i s i HH e 84
R FEEEE XS (Nelson et al. ,2001 ; Gigliotti et al. ,
2010) , AT LA 2 6% 1 BE 1 DL 4E R 4L 205 D A
KAT, X[ 5 HA4G M DHA F1 EPA fig /7 19K
S5 A Ry BT A TG 0 % i L A /55 1Y) PUFA {845 /N
AN BT AR A TC A 0 A A 9 3R B HH R Y n-3 2R
PR B, C20:4n6 FR7n 5T 08 B 911 5Tk K
(Stowasser et al.,2009) , ARHFFEH C20.:4n6 5 &= il
BRI 8 N2 0 G 5 S B T JC A A AR K
T R VR IR A M AR Ak, 5 — T T,
BT AR A T A% 2 — ol 2 PR i 1) £ S, B R s T
T MR A5 B 30 R /K ™ O S A7 77 B9, 4% 28 Sl
B 26 B R IX Y R I (Pitcher et al.,1995) . 3%
LoyE 2 S EOLRE R A PR BEE 2= 028 (L 2 B
255 ARITTARBEAE LA ( Yorio et al., 2004 ) FIPE
(Njinkoue et al.,2002) %5 20 U Rg Wi IR &% 1L 25 57
AWFFERAERS R 12 H—34F 4 H | RAMKBTAR &
TCAEETE B BE 22 40 F 77 U B ( Podesta, 1990) , 8
BT B HAE R R MR , BB TR & LA, 1mi
AMANMG-RR A B RE B HARSHR UL Z ), (H75
B [R)/INVIMATC A S R R & it v TR A MA
3.3 R Ak

Cretton 25 (2016 ) WF5% w7~ , B S 57 JE 3 765 38 T
HRAETCAE 25 A n-3 ZERR IR (26% ~30%) A 7%
I RET n-6 BIRNITR (2% ~3%) , 45 R 5 A0
FEMMRL, T n-3/n-6 J& A0 I AR SR E A FE

Shr, AR T A O3 n-3/ n-6 BI85 (19.60+

4.08) , & T ITIGWETS (10.1~16.0) ( Cretton et al.
2016) HbH1 IR (4.3) FRERY S £6.(9.4) ( Guil Guerre-
ro et al.,2010) , Bt B AR 5% e 3uk 14 B AR AE TG 200 65 UL
R A B = 1B IR, PUFA/SFA 23 Bri%
T2 7538 T PUFA 78 FURHIOFE bR, A5 SCPT
TS BT AE JC A0 % LA H PUFA/SFA 4 1.22+0.30, &
T BT AR AE TC A I A (0.9% ~ 1.1% ) , K BiZ%
FRALPA LIRS 56 T8 78 PUFA

Méndez 55 (1997 ) 43 H7 T BiJ AR S TC 25 65 0k 1)
NE MR A B 2R 1 A8 Ak 38 AT 5 A 5T H 1 AR )
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(2 H 4 AF112 7)) 1Y Bl AR 2 o 20 65 JH JUEE 1) i 7 7R
AR ABEFE R S PUFA T 2 HIkEAR,4 H s, ot
HOZ DHA R EPA, fi AR TR 8 n-3 AR NI
i ; AT RS AE TG 20 55 )1 JUE ) DHA T 4 F B i i
{8, FIFERE AR R Y n-3 ZRAR TR, UiHH 4 H B4R
SETCATUE RN LA 2H B B K E -0 E, B
M A AR 5 RO E RO, 3 0] B 5 P AR A JC A e
AR TG Sh A = BTG S A 5, 12 H R=B4E3 Al
R 2 = B A T e b 37 O, 2 0 — &
A1) FH 32K N 22 %)) U IRV B Bt ( Pdjaro et al. ,2005) ,
WH B 5 P ] R A TG 29 i, A T 3R )2 I W AR 45
T 7625 (Sanchez et al., 1999 ; Sénchez, 2009) ;4
HFFUGHEAFKZE | BT AR AE T 20 685 iy ol Bt 42 1] 7l
RSB W B e 26 B B IR HEAL , LA S B YR I AR 78
it & ( Sabatini, 2004 ; Alvarez-Colombo et al.,2011),
WG B s g A AR A TG A0 e, S AR B BRI . TR
RXRAFHENR R 145 23 W), €20:4n6 FI C20:1 73
IR TR AV A ) R i 3 10 1) 36 B ( Stowasser et
al. 2009 ; Kattner et al.,2008) , AT Hh Bl AR 4L TG 20
SEHLA T C20:4n6 BEH O HERS G N, JF T 4 H ik
Blf R {H, C20: 1 B 25 B RIS MTFAAG , K415 B AR
ETCHEETE 12 H—845 4 A WA &9 4% 77
e ) JECAP PR 2 [m] st A7 Ik 1 B AR A T 2 £ 2=
PR AT A B R

gt AATRAFE R EAK T B PR AT A K
B RS R B MR SRR AR A AR S | B R A
FEEXNFH BK ESRPEFLFRAEH LT G L
Hde AT R T WA RN E T4,
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