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Fatty Acid Composition of 20 Subtropical Fish Species from Jeju Island
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Lipid levels and fatty acid compositions of 20 species of subtropical fish caught off the coast of Jeju Island, Korea were
determined. The fish were categorized according to total lipid (TL) content as follows; lean fish (TL=1.194+0.32%,
n=10 species), low-fat fish (TL=3.02+0.44%, n=6 species) and medium-fat fish (TL=6.87+1.23%, n=4 species). The
prominent fatty acids were saturated fatty acids (SFAs), at 16:0 and 18:0 monounsaturated fatty acids (MUFAs), at
18:1n-9 and 16:1n-7, and polyunsaturated fatty acids (PUFASs), at 22:6n-3, 20:5n-3 and/or 20:4n-6. Across all species,
the percentages of PUFAs and SFAs were 38.0+7.89% and 34.343.08%, respectively, with no significant difference
between both groups (P<0.05), but showed higher proportions than that of MUFA group (27.8+7.23%) (P<0.05). The
proportion of n-3 PUFAs was 27.1+£8.68% across all fish species, similar to levels in other fishes from Korea. These
results suggest that subtropical fish from Jeju Island are a good source of n-3 PUFAs for humans.
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Table 1. Biological data of 20 species of subtropical fish caught off the coast of Jeju island

Korean name

Scientific name

Common name

Body length Body weight No. of Collection

(cm) (9) sample  date

1. Yeol-ssang-dong-ga-ri  Parapercis multifasciata Bicolor-barred weever 14.910.5 78.2+4.8 25  Dec. 2015
2. Ga-si-bog Diodon holocanthus Balloonfish 17.8:1.4 397.2¢1075 5  Aug.2016
3. Sae-da-rae Brama japonica Pomfret 33.7+1.5 1656.0+247.7 3 Jul. 2015

4. Yug-dong-ga-ri-dom Evistias acutirostris Banded boarhead 22.0+1.0 464.7+50.6 3 Jun. 2015
5. Gin-ggo-ri-beng-e-dom  Girella melanichthys Small scale blackfish 22.4+2.7  216.2490.9 3 Jul. 2015

6. Ho-bag-dom Choerodon azurio Scar breast tuskfish 19.841.9 273.8491.5 6  Aug. 2016
7. Geo-bug-bog Ostracion immaculatus Black-spotted boxfish 20.3t1.1  487.0+60.8 2 Aug. 2016
8. No-rang-ben-ja-ri Callanthias japonicus Yellowtail red bass 19.7¢1.0 233.2+13.2 5 Jul. 2015

9. Ssug-gam-peng Scorpaenopsis cirrhosa Hairy stingfish 223119 406.4+112.2 4 Aug. 2016
10. Cheong-jul-dom SC:;‘;%gZ;"/g“S Blue-lined angelfish 131+1.3 1373:31.9 7  Aug. 2016
11. Dog-ga-si-chi Siganus fuscescens Rabbit fish 25.2¢2.0 420.3¥123.2 3 Aug. 2016
12. A-hob-dong-ga-ri Goniistius zonatus Whitespot-tail morwong 23.9+25 329.6£113.3 5  Aug. 2016
13. Hwang-nol-rae-gi Pseudolabrus sieboldi Bamboo leaf wrasse 16.5£1.6  128.7+37.1 5  Aug. 2016
14. Yeo-deorb-dong-gai-ri  Goniistius quadricornis Black barred morwong 25.4+1.2 394.4443.4 5 Jul. 2015

15. Beom-dom Microcanthus strigatus Stripey 11.9+1.1 79.8+20.7 9  Aug. 2016
16. l:g:—_jgiom-hwang-nol- Pseudolabrus eoethinus ~ Red naped wrasse 14.7¢16  98.8£30.0 8  Aug. 2016
17. Gu-gal-dom Lethrinus haematopterus ~ Red collared emperor 27.3t1.8 622.2+138.0 2 Aug. 2016
18. Du-jul-chog-su Pseudupeneus spilurus Japanese goatfish 27.8+1.2 544.0+38.8 4 Jun. 2015
19. Ben-ja-ri Parapristipoma trilineatum  Three line grunt 23.9+¢1.0 330.0+20.2 4 Jul. 2015

20. Ja-ri-dom Chromis notata Coralfish 9.9+0.5 42.445.2 10  Jun. 2015
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sakusho, Co, Ltd. Kyoto, Japan)ZA4] 43}¢ch A& FY
“+(injector) ¥ FI (flame ionization) 7% 7|(detector) &=+
250°C & 319l om, AE @ E(column oven) &E= 180C ol A]
L7 G-A3F = 3T /min & 230 C7HA] 42 A7l th2 15
E7F FA8H . Carrier gas= He (54.0 mL/min)2 AM8-3}1
a1, split ratio= 1:502. 2 }ich A E A9PAke A 7o) 4
01 23}t 27 o)A B4 F2F(Supelco 37 Component
FAME Mix., Sigma-Aldrich Korea, Seoul, Korea)2] H1-E-A]
7H(retention time) ¥} B] W 5}o] £A5}11, FEE o] Q= A Ak
9] A= E3AH(Ackman, 1986; Moon et al., 2005)2] ECL
(equivalent chain length)x} H| s} A3 WH T+
=20 2= methyl tricosanoate (99%, Sigma-Aldrich Korea,
Seoul, Korea) & AM-3141 Tt

EgM

[y |

A5 A7 SPSS 12.0 (SPSS Inc., Chicago, IL, USA) &
292 olgalol Bt + LEUASD)Z AHfeLen], 57
A f AL AUl x| EAHEA (one-way analysis of vari-
ance)= 31 P<0.059] -f-2]4==0f| A Duncan's multiple range
testsE Al 3okt

rl

=
S

-

Oph

N

ook

Table 2-5= 2050 AFwAF ofdrjl A o] 744 He] 7]
A (total lipid, TLYEHFS LR 2Iek. o]5 of59] TL fake
0.71%¢11 4] 8.23%714] Bl a2 thefet W 91E UEhiSlaL, o
£ ol TL 3ol theh 47b4 52 BRstel st
(Ackman, 1989; Huynh and Kitts, 2009). 2, €457}, 71|
=, Aok, S5 7k, Zeols, ks, AR, gl
A, £4%, AEE 5 10532 TL gFo] Ht 1.19+0.32%
2 lean fish [LF, TL 2% u|qt, o]s} “#z|wfo} "2} A}, 3}
5174801 (KAST, 1998)0] A= “A 2| o]" & 7] ¥ o] 98]
2, S/AH, oFE 57, B, ol g 5vhe, WE, R
=7 5 652 TLFo] Haf 3.02+£0.44%= 4] low-fat fish
(LFF, TL 2-4%, o]s} “2Aol &7 et A=, 145, F&5%
S, #4245 452 TL go] Bt 6.87+1.23%=
medium-fat fish (MFF, TL 4-8%, ©]3} “Z7A|"o] &g} 2
HE B 22y 2 AtellA TL fgel 9% o4l
high-fat fish (HFF, o]a} “chx|so} 522} J3hel 431 o
> gk

AF7HA] ol 2059 oF & TL el gt 4=+
Jeong et al. (1998a, b)o] H.11gF F Ak 2}e]Bo| §-Lslc)h &
Aol A Al A=A A2 =9] TL H 8.26% =4 &
B4k 225 (Jeong et al., 19982)9] TL Frek(1.26%)H= & 2
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Table 2. Total lipid (TL) content and fatty acid compositions (% of total fatty acids) of five species of lean fish (LF) in 20 species of subtropi-

cal fish caught off the coast of Jeju island*

Lean fish (TL<2%)

Fatty acd 1. Bicolor-barred weever 2. Balloonfish 3. Pomfret 4. Banded boarhead 5. Small scale blackfish
14:0 0.83%0.11¢ 0.28+0.012 0.56+0.03° 2.90+0.049 2.33+0.06f
15:0 iso - - - 0.10+0.01 -

15:0 0.41£0.00 0.26+0.02 0.19+0.01 0.58+0.01 0.43+0.00
16:0 DMA! 0.43%0.01 1.74+0.11 0.87+0.01 0.20+0.05 0.63+0.01
16:0 19.51+£0.11¢ 16.13+0.172 21.09+0.07" 17.88+0.34¢ 21.12+0.02"
17:0 iso 0.50+0.01 0.29+0.00 0.15+0.01 0.29+0.07 0.19+0.00
17:0 0.73%0.00 0.73+0.01 0.51+0.00 0.99+0.08 0.60+0.00
18:0 iso - 0.19+0.01 0.25+0.00 0.24+0.02 0.13+0.00
18:0 DMA 0.76+0.05 2.05+0.14 0.54+0.01 0.45+0.15 0.85+0.03
18:0 6.83+0.04 11.74+0.02° 6.17+0.02" 8.27+0.39 7.11£0.04%
20:0 0.21+0.00 0.27+0.00 0.09+0.00 0.32+0.06 0.25+0.00
22:0 - - - 0.43+0.06 0.13+0.00
24:0 - - 0.07+0.01 - 0.15+0.00
Total SFA 30.22 33.69 30.49 32.65 33.93
14:1n-5 - - - 0.13+0.03 0.11£0.00
16:1n-7 1.69+0.022 2.76+0.03¢ 1.99+0.06° 4.47+0.029 2.96+0.05¢
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Table 2. Continued

. Lean fish (TL < 2%)
Fatty acid - - )

1. Bicolor-barred weever 2. Balloonfish 3. Pomfret 4. Banded boarhead 5. Small scale blackfish

16:1n-5 - 0.17+0.03 0.10+0.00 0.25+0.00 0.10+0.00
17:1n-7 0.46+0.02 0.50+0.00 0.35+0.01 0.92+0.08 0.09+0.00
18:1 DMA - - 1.23+0.03 0.31+0.01 0.22+0.01
18:1n-11 - - 0.06+0.00 0.46+0.06 -
18:1n-9 6.74+0.03° 9.60+0.02° 12.70+£0.23" 10.0940.74¢ 10.48+0.11¢
18:1n-7 2.07+0.01¢ 4.20+0.00% 1.79+£0.01° 2.12+0.11¢ 2.15+0.00°
18:1n-5 0.16+0.00 0.11£0.00 0.14+0.01 0.09+0.00
20:1n-11 0.15+0.00 0.32+0.02 1.89+0.30 0.16+0.01
20:1n-9 0.79+0.01 2.29+0.03 0.80+0.01< 1.63+0.629 1.04+0.019%f
20:1n-7 0.43+0.01 0.20+0.01 0.06+0.00 0.28+0.07 0.21+0.01
22:1n-11 0.39+0.07% 0.37+0.01% 0.21+0.012 1.67+0.88° 0.43+0.02%
22:1n-9 0.24+0.03 - - 1.67+0.63 0.27+0.00
22:1n-7 - - - 0.25+0.02 -
Total MUFA 12.81 20.41 19.73 26.28 18.32
16:2n-7 - 0.34+0.02 0.10+0.00 0.18+0.01 0.09+0.00
16:2n-4 0.49+0.02 0.58+0.01 0.63+0.02 0.87+0.05 0.78+0.02
18:2n-6 0.74+0.01 0.83+0.00 0.43+0.01 0.60+0.12 1.69+0.01
18:2n-4 - 0.25+0.04 0.10+0.01
18:3n-6 0.44+0.00 0.34+0.00 0.15+0.01 0.40+0.02 0.47+0.00
18:3n-4 0.29+0.01 0.14+0.01 0.16+0.01 0.44+0.07 0.19+0.01
18:3n-3 0.18+0.01 0.17+0.01 0.15+0.00 0.25+0.07 0.92+0.03
18:4n-3 - - 0.16+0.01 0.75+0.20 0.50+0.02
18:4n-1 - - - 0.10£0.01 -
20:2n-6 0.24+0.00 0.42+0.00 0.21+0.00 1.05+0.81 0.24+0.00
20:3n-6 - 0.21+0.01 - 0.23+0.06 0.24+0.01
20:4n-6 4.60+0.05¢ 14.05+0.10° 1.91+£0.01¢ 7.49+0.22° 4.32+0.03
20:3n-3 - - 0.21+0.00 1.16+£0.93 0.13+0.00
20:4n-3 0.32+0.01 0.10+0.00 0.23+0.00 0.32+0.05 0.47+0.02
20:5n-3 5.88+0.03¢ 4.19+0.03¢ 3.26+0.03° 8.83+0.06° 6.13+0.02'
22:2 NMID? - 0.24+0.00 - 0.14+0.01 -
22:3n-6 - - 0.05+0.00 - 0.15+0.01
22:4n-6 2.92+0.02m 4.87+0.07° 0.16+0.012 1.07+0.04¢ 0.7710.04°
22:5n-6 1.60+0.00 1.60+0.03 0.73+0.00 0.56+0.04 1.36+0.01
22:5n-3 4.79+0.02 7.35+0.109 1.28+0.01° 2.44+0.08" 2.77%0.029
22:6n-3 34.46+0.02" 10.48+0.12¢ 39.95+0.38° 13.9410.60¢ 26.46+0.13'
Total PUFA 56.97 45.91 49.78 41.07 47.76
TL (%) 0.71+0.01° 0.82+0.03® 0.87+0.012 1.09+0.01° 1.25+0.01¢
n-6 10.54 22.32 3.64 11.40 9.23
n-3 45.64 22.29 45.24 27.69 37.38

'DMA, dimethyl acetal. 2NMID, nonmethylene-interrupted diene. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *Results represent means + SD; superscripts denote significant differences (P<0.05) between all fish species (20

species).
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Table 3. Total lipid content and fatty acid compositions (% of total fatty acids) of five species of lean fish (LF) in 20 species of subtropical
fish caught off the coast of Jeju island*

Fatty acid Lean fish (TL < 2%)

6. Scar breast tuskfish 7. Black-spotted boxfish 8. Yellowtail red bass 9. Hairy stingfish 10. Blue-lined angelfish
14:0 7.84+0.25' 1.77+£0.02¢ 2.06+0.01° 3.47+0.02 1.92+0.06%
15:0 iso - - 0.11£0.01 - -
15:0 0.67+0.01 0.71+0.00 0.48+0.01 0.64+0.00 0.87+0.03
16:0 iso 0.18+0.01 0.58+0.00 - - 0.29+0.01
16:0 DMA! 0.21+0.00 0.37+0.00 0.30+0.01 0.38+0.00 0.40+0.02
16:0 19.69+0.03% 20.43+0.03¢ 22.61+0.33¢ 21.88+0.05 21.57+0.207
17:0 iso 0.55+0.00 1.09+0.02 0.17+0.04 0.21+0.00 0.72+0.02
17:0 1.05+0.01 0.76+0.00 0.52+0.00 0.43+0.01 0.39+0.03
18:0 iso 0.34+0.00 1.32+£0.00 0.17+0.00 0.62+0.00 1.16£0.01
18:0 DMA 0.42+0.00 0.34+0.00 0.22+0.17 0.14+0.00 0.30+0.01
18:0 6.19+0.06" 10.11£0.01" 5.11+0.04 5.97+0.049 5.69+0.08"
20:0 0.27+0.01 0.30+0.00 0.26+0.00 0.25+0.00 0.30+0.01
22:0 - - 0.26+0.00 - -
24:0 - 0.26+0.00 - 0.19+0.05 0.25+0.02
Total SFA 37.42 38.04 32.26 34.20 33.85
14:1n-5 0.32+0.01 0.35+0.00 - 0.14+0.00 0.22+0.01
16:1n-7 4.05+0.15¢ 5.84+0.01! 5.17+0.37" 7.00+0.01" 6.92+0.12'
16:1n-5 0.23+0.01 - 0.20+0.05 0.17+0.00 -
17:1n-7 0.67+0.03 1.12+0.01 0.30+0.01 0.47+0.00 1.25+0.02
18:1n-9 11.18+0.01 16.20£0.01™ 11.39+0.02% 11.61+0.059 15.87+0.00'
18:1n-7 2.87+0.05 4.92+0.03 2.47+0.03¢ 2.11+0.00° 4.86+0.10'
18:1n-5 0.25+0.06 0.23+0.00 0.26+0.00 0.15+0.00 0.21+0.03
20:1n-11 1.04+0.02 0.29+0.01 - 0.31+0.00 0.30+0.01
20:1n-9 0.94+0.01% 0.35+0.022 3.52+0.01" 1.78+0.00" 0.63+0.01b°
20:1n-7 0.54+0.01 0.42+0.03 0.27+0.06 0.15+0.00 0.27+0.00
22:1n-11 0.44+0.02% - 2.91+0.88¢ 1.06+0.02¢ -
22:1n-9 - - 0.47+0.03 0.35+0.00 -
22:1n-7 - - 0.13+0.01 0.35+0.00 -
Total MUFA 22.54 29.72 27.09 25.32 30.53
16:2n-7 0.20+0.00 0.86+0.02 - 0.16+0.00 0.59+0.00
16:2n-4 0.81+0.01 0.74+0.03 0.42+0.02 0.86+0.01 0.85+0.02
18:2n-7 - - - - 0.39+0.05
18:2n-6 1.26+0.01 1.25£0.05 1.12+0.00 1.41£0.00 0.83+0.00
18:2n-4 0.20+0.00 - 0.18+0.01 - -
18:3n-6 0.32+0.01 0.58+0.01 0.19+0.05 0.28+0.00 0.48+0.01
18:3n-4 0.29+0.01 0.26+0.01 0.20+0.00 0.17+0.01 0.44+0.01
18:3n-3 0.61+0.00 0.51+0.01 0.46+0.02 0.76+0.02 0.39+0.00
18:4n-3 0.74+0.03 0.34+0.00 0.29+0.01 0.97+0.00 -
20:2 NMID? - - - - 0.77+0.00
20:2n-6 0.44+0.01 0.43+0.01 0.23+0.00 0.19+0.01 0.41+0.10

20:3n-6 0.22+0.01 0.24+0.01 - 0.17+0.04 0.53+0.01
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6.09 £4.20%)2} 14%2] A2t 9hx 0 F(TL, 0.88-8.80%, Hit
3.41£2.70%), “L2] 3L 26%-2] A A o1 F(TL, 0.53-9.47%, Bt
2.12+2.40%)°] TL 3tk v gL uf, 1452] Aok okzo]
7] Aot 7HE fAkebalt. o] 2jgt Ail= 20%9] otddh
A o7 F Akl E AlQlel o2 BE o5 AFE Ak
obz EX w7} we d o] A4(Kim et al., 2005)3}1 9
7] 2ol Jeong et al. (1998a,b)o] K 1135} 7]E0] At ¢F30]
Fot Al A3 o] WA Ale7| WE o2 Wolch o 2 A
o A AlEH Atk A9F GEAId 7 obd wutch F5ofl A
Alatn] 2 AgolRul MRS Wo| 2 k= o Fo|t(Kim
et al., 2005).

Xt =d

AlFIeAt obd A o) 2052 14:05-8 22:6n-3714] 40

Table 3. Continued
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ol4ko] Auhto] WE oo A 54 olrh Tables 2, 3, 4,
5). 015 o7 7FAJRol A TLO| A|ub4k 5 Bt 5% o] AFS Bh
3= 9 AWAR 16:0, 18:0 5-2] EZ3}A] WA K saturated fatty
acid, SFA)¥} 18:1n-9, 16:1n-7 52| A7 =32 3HR| W4 mono-
unsaturated fatty acid, MUFA), ZL&] 11 22:6n-3 (docosahexae-
noic acid, DHA), 20:5n-3 (eicosapentaenoic acid, EPA) 5-2]
PUFASITE. E2F20F of 7 A4 &) A5 Hat 24dH]
+= ¢34 PUFA (37.9 +7.88%)>SFA (34.3 +3.08%)>MUFA
(27.8+£7.23%)9] <=2 & PUFAQ} SFA2] %AH]7} MUFAQ]|
Hlgto] F-o5HA] A ek o, PUFAQL SFA oFAHe] 24
H] Afofofl= 23t 2ol 7} }IATHP<0.05) (Table 6). o] {3t
A 1059 AA|rFo] 7ol A= PUFA (43.1+7.20%)>SFA
(33.7+2.55%)>MUFA (23.3+5.55%)2] %02 &o|at 3}
o[ LFERYOu(P<0.05), 205 offt AA Q] AHT} 6
PR A= Hol F3UTh 1y 652 Aol Rl A=
9|74 SFA (36.3+3.90%)>PUFA (33.8+4.41%)>MUFA
(29.9+3.51%)9] 20 & vehyton], SFA 2AH|= MUFA
B} 99514 o =9toul, SFAS PUFA, —12]3 PUFAS}
MUFA z/8H] Afeloll= 242} 23t ato] 7} LehtA] okgk
(P<0.05). ERE SIHAYolF 452 Zf-oll= 44 MUFA
(35.9£5.80%)>SFA (32.7 £2.92%)>PUFA (31.4 £ 3.16%)2]
som UERoLL, o5 7 XARLE Alolol §2l3t Aol
7} A ATHP<0.05).

UrEA 0 2 A 9f e s A of Al = oFFHd o= L9
o] 2o Ei= S o} ol HIsto] SFAS] =/dH] 7} =1,

fu

Lean fish (TL<2%)

Fatty acid 6. Scar breast tuskfish 7. Black-spotted boxfish 8. Yellowtail red bass 9. Hairy stingfish 10. Blue-lined angelfish
20:4n-6 6.30+0.08" 8.45+0.01¢ 1.26+0.02° 3.00+0.02 6.51£0.17°
20:3n-3 - - 0.29+0.13 - 0.76+0.63
20:4n-3 0.45+0.01 0.52+0.09 0.93+0.01 0.56+0.01 0.63+0.03
20:5n-3 6.05+0.02' 3.45+0.00¢ 4.55+0.06° 4.92+0.01" 2.54+0.07°
22:2 NMID 1.74+0.03 0.25+0.00 - - 0.63+0.05
22:3n-6 0.26+0.01 - - 0.19+0.00 -
22:4n-6 1.46+0.03" 3.1710.01° - 1.01+0.03¢ 2.23+0.04'
22:5n-6 0.96+0.00 0.71£0.01 1.02+0.02 1.53+0.01 2.53+0.08
22:5n-3 3.06+0.02 4.87+0.03" 2.26+0.03¢ 2.12+0.02¢ 4.97+0.14°
22:6n-3 14.68+0.19" 5.59+0.06° 27.25+0.40 22.16+0.08¢ 9.15+0.17¢
Total PUFA 40.04 32.24 40.65 40.48 35.62
TL (%) 1.2940.14% 1.33+0.05% 1.374£0.01* 1.45+0.07¢ 1.73+0.13¢
n-6 11.22 14.84 3.82 7.79 13.52
n-3 25.59 15.29 36.03 31.49 18.43

'DMA, dimethyl acetal. 2NMID, nonmethylene-interrupted diene. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *Results represent means + SD; superscripts denote significant differences (P<0.05) between all fish species (20

species).
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Table 4. Total lipid content and fatty acid compositions (% of total fatty acids) of five species of low-fat fish (LFF) in 20 species of subtropi-
cal fish caught off the coast of Jeju island*

Low-fat fish (TL, 2-4%)

Fatty acid 11. Rabbit fish  12. Whitespot-tail morwong 13. Bamboo leaf wrasse 14. Black barr- ed morwong  15. Stripey
14:0 3.33+£0.01" 2.8710.01¢ 13.06+0.23™ 2.88+0.01¢ 2.39+0.01f
15:0 0.67+0.00 0.62+0.00 0.50+0.00 0.51+0.01 0.64+0.01
16:0 iso - 0.22+0.00 - 0.22+0.00 0.28+0.01
16:0 DMA' 0.33+0.00 - - - -

16:0 25.25+0.09m 19.91+0.05' 19.69+0.13¢ 18.24+0.08¢ 25.41+£0.09™
17:0iso 0.33+0.01 0.44+0.19 0.39+0.01 0.52+0.01 0.57+0.01
17:0 0.62+0.00 0.96+0.49 0.66+0.02 0.92+0.00 0.28+0.00
18:0 iso 0.67+0.01 - - 0.26+0.00 -

18:0 DMA - 0.23+0.00 - 0.22+0.00 1.04+£0.00
18:0 4.65+0.02° 8.831£0.01m 5.8110.13f 5.39+0.01¢ 6.58+0.04
20:0 0.25+0.00 0.30£0.01 0.25+0.01 0.32+0.00 0.46+0.00
22:0 - 0.22+0.01 - - 0.19+0.00
24:0 - 0.1940.00 - - -

Total SFA 36.10 34.79 40.36 29.49 37.85
14:1n-5 0.17+0.00 0.17+0.00 0.20+0.00 0.21+0.00 -
16:1n-9 - - - - 2.93+0.06
16:1n-7 8.55+0.01° 5.27+0.02" 4.30+0.01° 5.52+0.03' 4.44+0.02%
16:1n-5 - 0.374£0.27 0.31+£0.00 - -
17:1n-7 0.69+0.01 0.42+0.28 0.49+0.01 0.70+0.01 0.84+0.03
18:1n-11 - 0.46+0.00 0.4410.01 - 0.30+0.00
18:1n-9 9.62+0.02° 17.68+0.04" 14.77+0.17) 17.42+0.04" 18.13£0.10°
18:1n-7 3.84+0.01 4.06+0.01% 3.22+0.06° 3.2840.01¢ 3.00+0.007
18:1n-5 0.38+0.01 0.23+0.00 0.29+0.00 0.23+0.02 0.27+0.00
20:1n-11 - 1.18+0.01 0.97+0.03 0.92+0.01 0.97+0.00
20:1n-9 0.51+0.00% 1.06+0.01¢ 3.00+0.07% 1.98+0.01" 1.22+0.00°
20:1n-7 0.31+0.00 0.41+0.02 0.57+0.00 0.41+0.01 0.47+0.00
22:1n-11 0.34+0.01% 0.6310.01% 0.56+0.0120¢ 1.11£0.01¢ 0.57+0.012b¢
22:1n-9 - - 0.30+0.03 0.30+0.03 0.80+0.01
22:1n-7 - - - 0.19+0.01

Total MUFA 24.41 31.93 29.42 32.24 33.96
16:2n-7 0.25+0.00 0.43+0.18 - 0.29+0.01 0.32+0.00
16:2n-4 0.66+0.00 0.93+0.54 0.56+0.00 0.76+0.03 0.97+0.02
18:2n-7 - 0.4040.00 0.28+0.00 - 0.25+0.00
18:2n-6 1.09+0.02 0.7940.00 0.85+0.00 0.85+0.00 0.61+0.01
18:2n-4 - 0.22+0.00 - 0.26+0.01 -
18:3n-6 0.58+0.00 0.3940.00 0.25+0.01 0.28+0.00 0.52+0.00
18:3n-4 0.19+0.02 0.27+0.01 0.20+0.00 0.36+0.00 0.24+0.02
18:3n-3 0.97+0.01 0.334£0.00 0.46+0.00 0.39+0.01 -
18:4n-3 0.72+0.01 0.33+0.01 0.75+0.05 0.51+0.01 1.00+£0.04
20:2 NMID? - 0.36+0.01 0.52+0.02 - -

20:2n-6 0.21+0.01 0.57+0.01 0.53+0.01 0.74+0.45 0.31£0.00
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Table 4. Continued

A - A

Low-fat fish (TL, 2-4%)

Fatty acid 11. Rabbit fish 12. Whitespot-tail morwong 13. Bamboo leaf wrasse 14. Black barr- ed morwong  15. Stripey
20:3n-6 0.3840.02 0.24+0.06 0.26+0.10 -

20:4n-6 4.85+0.09' 4.99+0.05™ 4.08+0.02 2.82+0.02¢ 4.53+0.03¢
20:3n-3 - - 0.20+0.03 - -
20:4n-3 0.86+0.01 0.35+0.00 0.44+0.00 0.77+0.02 0.3710.01
20:5n-3 2.93+0.03° 7.95+0.00° 6.91+0.21m 9.32+0.119 4.79+0.099
22:2 NMID 0.28+0.09 0.95+0.01 0.89+0.05 0.48+0.02 0.82+0.01
22:3n-6 - 0.19+0.01 - 0.43+0.00 -
22:4n-6 1.24+0.01¢ 3.01+0.01" 1.54+0.04 1.13+0.01° 2.18+0.00%
22:5n-6 1.76+0.01 0.59+0.02 0.43+0.01 0.62+0.00 0.72+0.00
22:5n-3 6.39+0.06° 3.7310.01% 2.94+0.03" 4.68+0.02m 4.04+0.05
22:6n-3 16.1410.18 6.25+0.13° 8.13+0.11° 13.59+0.09¢ 6.52+0.02°
Total PUFA 39.49 33.28 30.22 38.27 28.20
TL (%) 2.24+0.02 2.89+0.119 2.90+0.05¢ 3.27+0.09" 3.34+0.17"
n-6 10.10 10.78 7.95 6.86 8.88
n-3 28.01 18.94 19.82 29.26 16.72

'DMA, dimethyl acetal. 2NMID, nonmethylene-interrupted diene. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *Results represent means + SD; superscripts denote significant differences (P<0.05) between all fish species (20

species).

PUFA, MUFA 5 &£323HA]HHHe] 2/40H| = 22 o= e
A 3lth(Huynh and Kitts, 2009). 0] 23+ AFAL-S A= 2-0f| A] AL
53 guppy @ AAF 2Ad0] oA ARSRE B fHT =
SR RALS] 28] 7} =kt Kayama et al. (1963)2] 1
DA efA] Z1E Ao] Qlrt. W AloF FE=al(9l =, 5762
N) 729 Atz zs oA AAshs EeiAd olF 552 A
AF ZAS SFA (57.2-74.2%)>MUFA (21.4-39.0%)>PUFA
(2.8-14.1%) 220|217 (Arai et al., 2015), We]® wo] wic}
L so(91E, 87549 - 8°554'N)ol| A Alet= 659 AuhA
o] B A= SFA (62.4-72.4%)>MUFA (15.1-20.3%)>PUFA
(9.7-17.1%)2] <=o]Atk(Metilio and Aspiras-Eye, 2014). w}
2hA A of i AAtR/d o 54 SFAS] 2A4H|7t FA]
ARS] 22 AHAlskAL PUFAS] 2/40H]= o 10% w2
2 el Eastgint. T3 1059 A=K(SE, 10748
10°52° N)YAF o]Foll41= SFA (31.6-39.0%)>PUFA (30.3-
35.1%)>MUFA (22.0-26.3%)2] =]} 2 (Dhaneesh et al.,
2012), 39| e7uet o] FF=all($15, 26°'15N) 2 Ef
BHRE, 24730° N)ol| AjA]5k= ofdeiAd offFollA= SFA
(39.2-43.7%)>PUFA (29.0-37.3%)>MUFA (20.7-23.3%)°]
&0 2 YERSTH(Saito et al., 1999). wieba] =7} ddjaf|<
W} 3-8 ofeld] o] HAIGR: olFE A4 ojfol s}
o] SFA 2/gH]= faxstal, PUFA 248|= S716h= B3=
veh ot

2|4 o] F-2A] Jeong et al. (1998b)o] Hist 72 o7 5

1435:2] T3l 2(F1=, 34°85N)ol| A Al5h= ALt Ao Fol
A& 9JAA PUFA (17.5-52.2%, <t 34.0+10.0%)>MUFA
(18.6-47.5%, B+t 33.3 +7.8%)>SFA (28.3-43.6%, H+F 32.8
+4.0%) 0.2 o5 AWALF Atololl= A ztol7t §lsle
W(Jeong et al., 1998b), oFLthA ofFof H|3f4+= PUFA =
AuI7h B =2 AFS Hoth 2 AtollA 2059 AlF(
QI%=, AFE 3325N) AQHE o] 7] A4 2442 PUFA
(37.947.88%) > SFA (34.3 +3.08%)>MUFA (27.8 +7.23%)
o] o8 FPAF A AxolFO L} wie- FAFSHA
O ok MUFA 2/dH|7F 32 qtollA] offh We 20|
ek 2 2 ofFEA AYHom 543 8% H
714k o15(Ozogul et al., 2007)o| A= & ALe] HL-9p 7+
o] PUFA>SFA>MUFA®9| <=o]git}. 12t} 8F2 EAlg
% OF(British Columbia®} Alaskan) 3] WA o] 7oA
L PUFA (24.2-56.8%)>MUFA (14.2-53.0%)>SFA (19.3-
36.9%) 2=0]913(Huynh and Kitts, 2009), el 4 2k2] South
Georgia 3| S($%=, oF 54°S)oll AAsk= 1052] WA A A
o] 70| A= PUFA (14.8-57.3%)>MUFA (15.8-52.8%)>SFA
(24.4-36.3%) =22 X 1 & 3 ci(Stowasser et al., 2012). w2}
A 2 At Aate} o] -] At A TR & o, =]
=2 Ao ol FollA= ZIpRHARS] 2A48|7F =41, o,
2], Tl A 0.2 9|7} obA 2o Wold -5 234
HRARS. 7F43hal PUFA, MUFA 5 Ex312|Hbilo] Z7)el=
A Ut Sitt ol gk 42 B85 4l o7t
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Table 5. Total lipid content and fatty acid compositions (% of total fatty acids) of one species of LFF and four species of medium-fat fish in

20 species of subtropical fish caught off the coast of Jeju island*

Fatty acid LFF Medium-fat fish (TL, 4-8%)

16. Red naped wrasse  17. Red collared emperor 18. Japanese goatfish 19. Three line grunt  20. Coralfish
14:0 12.87+0.05™ 3.27+0.07" 3.15+0.03" 4.13+0.06 5.79+0.42¢
15:0 iso - - - - 0.294£0.02
15:0 anteiso - - - - 0.09+0.00
15.0 0.72+0.01 0.49+0.01 0.75+0.01 0.74+0.01 0.66+0.04
16:0 iso - 0.16+0.00 - - -
16:0 18.08+0.03« 21.41+£0.18" 23.76+0.08' 21.87+0.10 16.86+0.56°
17:0 iso 0.38+0.01 0.39+0.00 0.38+0.01 0.28+0.01 0.21£0.04
17:0 0.77+0.01 0.67+0.01 0.98+0.01 0.68+0.00 0.49+0.01
18:0 iso 0.25+0.00 0.22+0.01 0.30+0.00 0.21+0.00 0.22+0.03
18:0 DMA! 0.16+0.01 - - - 0.16+0.01
18:0 5.68+0.02f 6.63+0.02 5.20+0.01¢ 4.96+0.01° 3.34£0.03°
20:0 0.29+0.01 0.33+0.00 0.34+0.00 0.32+0.01 0.21£0.01
22:0 - 0.21£0.00 0.24+0.00 0.15+0.01 0.11£0.07
Total SFA 39.19 33.78 35.10 33.35 28.42
14:1n-5 0.22+0.01 - 0.16+0.01 0.13+0.00 0.094£0.01
16:1n-7 3.98+0.01¢ 6.90+0.12' 7.96+0.00" 6.28+0.03% 7.58+£0.12m
16:1n-5 0.27+0.00 - 0.17+0.00 0.34+0.00 0.39+0.06
17:1n-7 0.50+0.01 0.65+0.01 0.68+0.00 0.44+0.01 0.66+0.03
18:1 DMA - - - - 0.40+0.01
18:1n-11 - 0.18+0.00 - - -
18:1n-9 13.231£0.02 20.94+0.00° 15.87+0.01' 15.48+0.02¢ 7.49+£0.13°
18:1n-7 2.19+0.01°¢ 3.13£0.019" 3.06+0.33 2.74£0.00° 1.50+0.01°
18:1n-5 0.19+0.01 - 0.17+0.00 0.47+0.02 0.26+£0.02
20:1n-11 0.86+0.00 1.10+0.02 0.74+0.00 0.25+0.00 -
20:1n-9 3.47+0.01' 1.26+0.01° 1.59+0.019 2.54+0.01 10.83+0.10™
20:1n-7 0.33+0.02 0.41£0.01 0.32+0.01 0.24+0.01 0.46+0.28
22:1n-11 2.07+0.01° 0.61+0.028c 0.79+0.01< 2.57+0.02¢ 14.29+0.17"
22:1n-9 0.34+0.01 0.331£0.02 0.24+0.00 0.46+0.00 0.21£0.03
22:1n-7 - 0.19+0.01 - - -
Total MUFA 27.64 35.71 31.75 31.95 4414
16:2n-7 0.17+0.00 0.23+0.00 0.23+0.00 0.13+0.01 0.2610.01
16:2n-4 0.81+0.01 0.61+0.01 0.46+0.03 0.89+0.02 0.55+0.03
18:2n-7 0.18+0.01 0.66+0.05 0.20+0.00 - -
18:2n-6 1.08+0.01 0.69+0.01 1.19+0.01 1.01+£0.04 1.35+0.03
18:2n-4 - 0.17£0.01 - 0.18+0.02 0.16+0.03
18:3n-6 0.23+0.00 0.26+0.01 0.26+0.02 0.19+0.02 0.28+0.05
18:3n-4 0.26+0.00 0.28+0.00 0.23+0.03 0.22+0.03 -
18:3n-3 0.58+0.00 0.27+0.02 0.63+0.07 0.78+0.13 0.10£0.07
18:4n-3 1.24+0.00 0.28+0.01 0.56+0.01 0.80+0.02 3.72£0.07
18:4n-1 - - - - 0.09+£0.00
20:2 NMID? - 0.7310.00 0.24+0.07 0.45+0.42 -
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Table 5. Continued

. gk

Fatty acid LFF Medium-fat fish (TL, 4-8%)

16. Red naped wrasse  17. Red collared emperor 18. Japanese goatfish 19. Three line grunt  20. Coralfish
20:2n-6 0.46+0.01 0.36+0.01 0.38+0.05 0.26+0.08 0.19 +0.00
20:3n-6 - 0.17+0.02 - - -
20:4n-6 3.17+0.01 3.37+0.02 2.07+0.00 1.15+£0.00 0.41 £0.03
20:3n-3 0.19+£0.00 - 0.16+0.00 - 0.18 +0.08
20:4n-3 0.41+0.01 0.39+0.04 0.30+0.01 1.00+0.01 0.69 +0.01
20:5n-3 5.40+0.02 4.85+0.029" 5.68+0.06! 4.93+0.02" 719 0.13"
22:2 NMID 0.42+0.00 0.41+0.01 0.29+0.01 - -
22:3n-6 0.25+0.00 0.22+0.00 0.18+0.01 0.24+0.00 -
22:4n-6 1.14£0.03 1.85+0.04/ 1.04+0.02¢% 0.33+0.00° -
22:5n-6 0.58+0.00 0.49+0.00 0.63+0.01 0.61+0.00 0.23 +0.01
22:5n-3 1.93+0.01° 3.79+0.03¢ 2.34+0.09° 3.25+0.04 0.61 +0.012
22:6n-3 14.68+0.11" 10.41+0.20° 16.0810.15 18.19+0.26! 11.43 +0.38
Total PUFA 33.17 30.51 33.15 34.63 27.44
TL (%) 3.45+0.01 5.42+0.04 6.41+0.05% 7.38+0.26' 8.26+0.14™
n-6 6.91 7.41 5.74 3.80 2.46
n-3 24.43 20.01 25.75 28.95 23.91

'DMA, dimethyl acetal. 2NMID, nonmethylene-interrupted diene. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *Results represent means + SD; superscripts denote significant differences (P<0.05) between all fish species (20

species).
A5 4-3-(homeoviscous adaptation)S 5}7] o2 B
e} & ofF 7t o] R oA 45| A= o
o] AlEZE F-EAde rAlsof st ARl o] Alazato]|
F30] W& PUFAQ] Hl&S S7HA7]= Aoz defA Qlot
(Farkas,1979; Gladyshev et al., 2011).

shel 2 Aol AFE AXuolfelld PUFA 2A4H|7}
o 7o 1.3 PUFAQl DHAS} EPA, 18]35 n-6 PUFASI
20:4n-69] 24817} 7]eig T o welh % o] 5 AXy
o504 DHA ZAUIE B 204%% Aol (BT
14.0%) % 2AYOIF(BF 109%)°] ulsto] o 2AuS
Upeb gleh B3] AR ot iel £3Hs ATk 40.0%), A%
7+2(34.5%), eIz} 2](27.3%), 71 223 of|5(26.5%), 457+
%(22.2%) %5 5%2] o] Fl 4= DHAS 20% o)A} 33151
H, 0] 20F9] R ofF FolM = 7MY =& el did
SIEHP<0.05). ]9} o] TL §ao] 4|2 o 57} PUFA 2A40H]
7} 38 o] §= PUFA 24417} 32 917 21(27] 2)o] PUFA
24347} W2 triglyceride (2% )l vlsto] At al o
7] w0 & AYzHelth(Fogerty etal., 1986). T3t #] 2] to] Fof
A] EPAS] 24| = Hal 4.98% 2 A, AR ol F(H4t 6.21%)
oF FTHAO T (Bt 5.63%)0l Blske] LA o e A
F= Ul ey 2 Afol= fldeh e ar A Aol Fof A
20:4n-6 ZAH)= Hat 5.79%2A, 2RO R (Ht 4.07%)
Oh= - Aol 7 I et SHAL O F(Ht 1.75%)°] HlsiA]

s A% ehigleh. 53] 20:4n-69] 247 AR
T 5 7HE(14.1%), A5E(8.45%), S5712]55(7.49%),
BEE(6.51%), 2H55(6.30%) oAl tHE K= ofFof vlst
o FooHA =2 s UEHITHP<0.05). o5 o FollAl
20:4n-69] 20|17} =& WAL o] F o] 72| Ho|Lk o]
U AR Y2 S o]F o= A dEAIHe A
Aok o FRA ol F2lEIAL Gl R{E Hold g
2 F3l7] g o2 HeltkKim et al., 2005). ©] A= Jeong
et al,, (1998b)o] Hi1gt 72F ofF 5 ¢St YxolfFol &3t
= FX1(8.85%), T A(7.45%), &A= 71(5.62%) S-NA =
20:4n-69] 2/3H]7} WA ==, F X o A= A A 8
275 Yoo YR E Hol= A o= e A QUTHNIFES, 1994;
Chyung, 1991). T3t 2. 7]Lte} 8} 9] ot e d o 7+ & s =7+
A1 A4 o] 3= 7} A ) (Siganus canaliculatus)©l| A % 20:4n-6 %4
7} 53] 2 Zlo] EelE] ¢lck(Saito et al., 1999). $HA o]
3 FARS olR 7L ol |44 e] Mol aelel e B
FO| A AR Ao A = o) Ql a2 7o) A Az A 2
Shz Ao g odefA Stk AA|= AEo|u Aeko] kR
o] EAL 20:4n-62} EPA 1= 22:5n-32] ZAJH]= v d
11, DHA 2A4JH] &= 1| T-2-g|(Jeong et al., 1998¢), o] &gt
ol ol BEFo 2 HolQl thAmpt v o F A 27O A
Rk Ao A = & LFERATE (Jeong et al., 1993; Dawczynski
etal., 2007).

21

Y

<

A HE ox



AFEAF of AT olF AarEs 647

Table 6. The SFA, MUFA and PUFA compositions (% of total fatty
acids) in all fish (20 species), lean fish (10 species), low-fat fish (6
species) and medium-fat fish (4 species)*

Category SFA MUFA PUFA

All fish 34.3£3.23°  27.8+£7.012  37.9+7.71°
Lean fish 33.742.55>  23.3+5.55%  43.1+7.20°
Low-fat fish 36.3£3.90° 29.9+3.51%  33.8+4.41%
Medium-fat fish 32,742,922 359+5.80° 31.4+3.16°

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid,
PUFA, polyunsaturated fatty acid. *Results represent means+SD;
superscripts denote significant differences (P<0.05) between all
fish species (20 species).

Jejal AARol el g aAolRe] Aol oAt
SFA 2441]7} PUFAC] H]5t0] & 39kt o] = 14:09] 24
H] 7} thar 307] tlizolth. & Aol Foll A 522 SFAQI
14:0 2/48]5= Bt 6.23%% A A B 7 (Bt 2.40%)2F F7t
Aol R(HT 4.13%) R0 T ek L2t E alhe]
£ SFA%I 16:09] 2/dH|= Aol 7 (Ht 21.1%)2F A1 A%
Of (Bt 20.2%), 123 FHAH O F(B 21.0%) Aol
72| 2ol 7} glict,

T3 F7HA ol Rol A= MUFAS] 2AMH|7} 9 AAL oF7t
=0k=t, o= 20:1n-9 W 22:1n-11 59 2/JH|7} t}-& o]
Sof ulato] vl A E9p7] TEOR Welk 2 20:1n-99]
U7t SR o ROl A Bt 4.04%E Vrebd BHH, A A
o % AFoIFol M= 42 FHat 1.36% U 1.87%E LE
Welch. 193 22:1n-119] 24l 7Yool Bt
4.54%E LeRH vhel ARl 0 Axol ol 247t
Bt 0.75% 2 0.88%E UEFH It 53] S7HAHol 7 S0l
A A E-220:1n-9 9 22:1n-11 212} 10.8% 2 14.3%4
stelen, ol Aol R EE 205 RE ol F
oM = FolotA 7HE w2 = 2 UER AEH(P<0.05).
e E0] A9AH 20:1n-9 2 22:1n-11 2487} B3] =2
oREAL BHHPA Dol(155% U 1436%)2 Hol
(5.20% 2! 6.37%) (Huynh and Kitts, 2009), 72| 1L thA] kAt
Ao](12.4% 1 15.3%)(Budge et al., 2002)} hAFAF 3
01(16.3% 2! 24.4%)(Copeman and Parrish, 2004) 5-°] 3t}
°0]& 2% MUFA 2/dH|7} =2 o= A oje} gxlojo] =
{8 Ho|Ql copepod (27157) WZ o2 UefA] lrh(Graeve et
al., 1994; Budge et al., 2002). & Q779 o AAAE
wax esters % 20:1 2 22:1 fatty alcoholo| o]57-2] Aol A Ak
gk=lo] 20:1n-9 2 22:1n-11 AHAFO 2 AslE wjiro g v
s15]o] 9iek(Tocher, 2003). AelE9] 4 ol SBA &
FaEo R otelA Qla(Kim et al, 2005), A4 A7 LA 2
259 9] 8E Folle 584 S22 24577 AA Y
99.3%% 22|35}l rt= Bl 9Jth(Ko and Jeon, 1983). uhe}
A 2 ARl A Al Eol 2 2] 20:1n-994 22:1n-115 3

2 Al 5

(Jeong et al., 1998b)2 A|FEAF Z}2]&2] 7492} ] 20:1n-
99 22:1n-110] 7]2] #2E]7] eske}. o] efat Aol
& Aol A o] Zfo = QAL oL, A AR 2 5 Hole o
o] & jF o 2 AzZtEti(Kayama et al., 1963; Jeong et al.,
1998b,c). weba] o 7 X &5 Al n-3 PUFAS 313 b
& A ako] ERIsHE AL sl Rl Holols) 14, 2 A2
4 BeaEoRRE S2A 2UAE, 40, tfgol 5 3%
FAEAl o] 27]71A] o]& A|Hito] Al HAE Autw A
Hrh(Kayama et al., 1963).

sl 2 Aol ARE AREA ofdthy olF 2052
DHA, EPA 5 n-3 PUFA 2] 2AJH]|= %4t 27.0£8.68%= Lt
ERigich o] At A 2% ofF T 1959 £33
01(29.9+7.71%) 9 1452] AoMF=0{(26.2+7.19%) & H
-9} AR THJeong et al., 1998b). ESH E A Lo A] n-3
PUFA 24Ul W5 Bejal sjofo]q ojze dnjy ol
(Metilio and Aspiras-Eye, 2014)¢] n-3 PUFA 24J4](9.73-
17.1%, B4t 13.2%)°f vlaliA oF 14%Lt A #=90ct 31A|
Tk A it Wa4d ol F(Huynh and Kitts, 2009)2] n-3
PUFA Z4J1](33.8-44.9%, T 38.2%)0l| v]a| A= Al wA
o] oF 10%L} W& 342 Yepoit. ueba o5 Az 4}
716l Qe ule} o] 91 2|2 of sfefol 4 A4 sk o
FUE A GAS] F o =T} mopRIths AR 2 A A7k
(Huynh and Kitts, 2009; Saito et al., 1999).

ol e] ATE Fel & W, & Aol AlFE AlFEA
oAt olF 2052 TL o & A{ARRAJ oA oo &
T A olRe] A9t A9 o]} geov], B3] 71E
9] ojoretx0i(Jeong et al., 1998a,b)2] 73-9-2} FASH Ao 2
Ho}TL ¥ n-3 PUFAS] FHo 24 553] o] & 75T AL
2 W7,

AN o

Al AL

o] A= 2016¥1 % AT Bk 1T A 1Ak v
ofsfel 5912
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