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Changes in Proximate Composition and Lipid Components in Chub
Mackerel Scomber japonicus and Japanese Jack Mackerel Trachurus
Jjaponicus with Various Cooking Methods

Soo-Kyung Moon, Ji-Yeon Kang, In-Soo Kim and Bo-Young Jeong*
Department of Food and Nutrition/Institute of Marine Industry, Gyeongsang National University, Jinju 660-701, Korea

Changes in the proximate composition, lipid classes, and fatty acids were studied in chub mackerel Scomber japonicus and Japa-
nese jack mackerel Trachurus japonicus muscles cooked using a frying pan, oven, and microwave oven. The moisture content
was high in the raw samples (chub mackerel 65.5%, Japanese jack mackerel 60.5%) and decreased with cooking, especially in
the frying pan method (chub mackerel 49.2%, Japanese jack mackerel 49.8%). In contrast, the protein, lipid and ash contents in-
creased significantly with cooking in chub mackerel muscle (P<0.05). However, the lipid content of Japanese jack mackerel muscle
showed no significant difference between the samples using the three cooking methods and the raw sample. The dripped lipid
contents from the cooked muscles showed the highest levels in the frying pan samples and the lowest levels in the microwave oven
samples. The percentage of non-polar lipid (NL) in the total lipid content was over 95% in the muscle lipids (10.43-21.86 g/100 g
sample). Prominent fatty acids were 16:0, 18:1n-9, 22:6n-3 (docosahexaenoic acid, DHA), 16:1n-7 and 20:5n-3 (eicosapentaenoic
acid, EPA) in both fish muscles and dripped lipids. There was no change in the EPA level in any of the fish muscles, by any cooking
method. The percentage of DHA in the muscle of chub mackerel showed the lowest level in the frying pan sample and the highest
level in the microwave oven and raw samples, and an intermediate level in the oven sample. However, the percentage of DHA in
the Japanese jack mackerel muscle was not significantly different between the various cooking methods. From these results, the
microwave oven and oven cooking methods showed relatively low levels of dripped lipid content and loss of n-3 PUFA compared
with the frying pan cooking method.

Key words: Chub mackerel, Cooking methods, Dripped lipid, Japanese jack mackerel, N-3 PUFA
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7tz alsofek 7ol o) FFE 709
Table 1. Biological data of chub mackerel Scomber japonicus and Japanese Jack mackerel Trachurus japonicas
Sample Total length (cm) Body length Body weight (g) Waste ratio (%) Nirgr%eprlz of
Chub mackerel 38.9+1.7 328+14 634.7 £71.7 48 15
Japanese jack mackerel 30.7+1.6 26114 3414 +£43.2 45 30

oft}. THE HAE o] Tz whLg o fro] ]| 1|2 Fafo] vl
% %=tH(Jeong et al., 1998b). 1 o= M5 o] 7= tj7f
& 3 T4 AL, B4 oF o' SEAdo] et
b8 g5 9l Zagh oAl XS 250l o 4]
s17] wjFolct. Lefut WAlS o) f= R AAAJ 0 R H|EE
d o]Fo)7] wiol o] XEE I S8 davt ¢l
o] T59] A dgleFo] AMSE o] Fof H|sle] A2 Holt},
59| Aol H& HAS ofF= ohFst AerlsS 7t
Zl eicosapentaenoic acid (EPA, 20:5n-3)2} docosahexaenoic
acid (DHA, 22:6n-3) 5 omega-3 (- F+= n-3) polyunsatu-
rated fatty acid (n-3 PUFA)E ths) gH-a-3hc}. wheba] AR =4
7673421 n-3 PUFAE thF 35101 Q= AR -2 41T
T 0% SR EYAHE A& B g
[e}

==

]
d
AN gt

1 fo

Ot AT

= 915 (Horrocks and Yeo, 1999)E H|E3}
L, IS, 7k, Aget, 7 Tl elgh AR
Qlthal ¥ y1wlo] Qlth(Hirayama, 1990). E3tn-3 P
S A4 02 AT A o ek o

AL R

e 9,
rlo

i

;
A

S
=

w0 T
o
o

o] Al AR A A E £ 4= Qlrkar lLi;Eli o,
A75E Aol A% 810l 500 mgol A, AR 7 Q)
£ AR 74$= 800-1,000 mgolAF A3 A& Ak 9
th(Lavie et al., 2009). ©]2|3t EPA, DHA 5 A2 7154 212
S ohg TRBaL Qs S o] s GUTPEFRSE AR

Folefal ABAHEE Q1ATskAL QIA|RE, A 2] vl o
E2el7] MABTHE OL42 F RIS Aolof 7] u]
SiA] Q) WIE7E e Aot Z1Eu Foll= of 2Rt
B Bkl 418 71 WolA|Eo] ol ApEo] 714 24
&40 ezl stel 2hsh B 4 QA Helth 55 7HY
oAM= S F2 Lmol H F frying pans ©]-88to] &
= A TLo) 7} 2L o] £ AUt microwave oven U oveny} 7+
& 71AIEo| 7 714l o] EYJElo] Aol BE Thop
gk el ggu o] FREY 7k Bt arte] 24 7o
5} 9lch. Microwave ovena 1978 S-g|uelof A2 =9
0] 2009 AR L 7HH O] HagE-2 76%E AHA| Sk Qlrt
(KOSIS, 2010). Microwave oven®] 2|3t Z2|l= da 89| &
I ZE|Af7to] Zrob & Q B AH|7E A o Ao M FEHE
WS 7| 2] oA FRE AR & Sl T B2 ol 7HA
51 9ick. k- elbete] Aol A7) EEA 17 4%
2] H|&o] #8Id zeollA HAF A4 e o ok
A 7] 22| zzto] ZHHSE oven o] ¢E HA} F7E Ao
2 53tk

2H| RS Alo]olA] A7FAE T well-being= 2.2 Q14
=3l QL= ol FAAIY] AlE G wel tallAl= o] B2 A
T7} o]Fo]A lth(Jeong et al., 1998a,b; Kim et al., 2001;
Yoon et al., 2010; Moon et al., 2011). L&t t}oFet 22|
g olgslo] o8 225 B A 2T ABIPA
0] ato] gt A2 Shim etal. (1994)0] 4343 43 o]
50| 7he Ao T opn|ieAl o] wislel Tt A7, 1e]
I Park etal. (2010)9] 4] al5-0] 9] 7kd x2]of o5k AHAl
Z/J o] TS}l Rt At 5 3] Aol Eabet A o)t} E5
7tdzE] 5 F-E5= A AR W3t A== Moon et al.
(2012)2] AFx]o] that AT/} 91 Wolch.

3 Aol Seltket SulolA b4 A3t wlwH of
o 20| E] 31 Gl S o] FEA Aol o] B Aol S
Aestol QubbgolA] £3] AT gl £e)7] 7] fiyin

pan, oven & microwave oven 2.2 7t 2] st 2wl o] o]
S ol 259 YU, AA class B A 24 50 A

P o] ofuiet G2 A LAS vl HESLE.
Mz H A
NE

2 A-tol] ARE-E 5ol W H7Yol= 20064 6Y FY T
Aol Al Ao = L skainh 3t Al E daol A9
2l ice boxol] Wil B¢ AR AFAZ L0kt oS AAL A4,
A 2 #7]eS& S45k3UcKTable 1). 250 B A 7401 9] of
AE TAR 2= 2ol M2 F E718 AASHL 3H =7|%h

2 22 YA 24, frying pan A| 28, oven A| 28 micro-
wave oven A| 280 &2 JLESLo] AR5} T}

zeldgol mE Azl Z=H|

AurA o g2 7oA AAtolof &3] ARGEAL Sl &
7]9-9] frying pan, oven 2 microwave oven= 0|85}
H A S YstaL 7} Aol 71 AARE ol 27-& 275
t}. Frying pang ©|-83F A|l& 2A= 2202 I8 fry-
ing pan¥} 7} 21X (SAMSUNG SGR-22SB, SAMSUNG,
Korea)E AHE-SFAITE 7HE Fofl 2= 7152 = 34
517] fIsiA] 7 D (3 Korea)S U HAFAFR GO 2 7o
frying pan ¢]ol] Z-3L 71 9]l fillete &3tk 15019 455
EolA SARES WA 1387 7Fgstar FolA] AARE
= TExt 7kgsto] F 2027 7HEsk o n H7ol= oA
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Table 2. Proximate compositions and dripped lipid content of chub mackerel Scomber japonicus and Japanese jack mackerel Trachurus

Japonicus muscle by various cooking methods (wt %)

Raw Frying pan Oven Microwave oven
Moisture 65.5+1.26 49.2+3.14° 51.8+2.78° 51.0+6.13°
Protein 20.7 +0.98° 24.1+1.44° 27.1+2.14° 26.4+2.29"
Chub mackerel  Lipid 11.0 + 0.86° 222+3.18° 15.6 + 3.49® 19.2 +7.06"
Ash 1.5+0.12° 1.5+ 0.09° 1.8+0.18° 1.6+0.15®
Dripped lipid - 3.7+1.24° 2.6+0.58 1.4+1.31°
Moisture 60.5+1.29° 49.8 +4.49° 56.1+2.31° 56.5 + 2.64°
Japanese jack  Protein 16.9 +0.38° 22.8+1.13° 21.6+0.23b° 19.5+2.25°
mackerel Lipid 20.6 + 1.95° 22.7+3.70° 18.5 +2.80° 22.5+1.94°
Ash 1.3+0.14° 1.8+0.19° 1.4+0.10° 1.3+0.04°
Dripped lipid - 3.7+2.03° 25+0.72° 1.0+0.54°

3717} Aol SHRES 1A 1027 7HEst . AR 2 55
77145k tk Oven Al &&= 22 (Rinnai RSO-Z53H, Rinnai
Korea, Korea)& H 4] 200C 2 oj8]7}gs}o] oven W &&=
£ g5t steler, SARERY fEH AdS 0= 34
517] flelA T T Y-S Y AR GO = o] AR AT fell
Z2]aL 1 9ol fillet @ot 7hEstleh 5ol 1881t 7t
gstalom ofqo] 2717k 2k 7ol 1583t 7Hdshgirt.
Microwave oven (LGZ A M-M209EC, 2,450MHz, Korea)2-
o) 8k A B AIRA) Slol 45U AR meko R
o] &9 & 1 o] filletx ol 7FE SISt 5ol 1027F
Thetstgon ojAle] 27171 2he Aol 782 heteict.
o5 Zi7te] ZeH o ZAE D50] U Aole] §AR
o f-=H A2E Eelste] 3patqlnh SAR = s vt
3t o} -70C W5 3L(VDA-72, Tlshin Lab. Co. Ltd., Korea)
off A7t £4 stelon fEH AHS {7|8viE BE

Slepsto] AR R ARSI

QlIHIA]

QU 9 QIR B

Ar

2~ o) o
AR & TR AY 7

ut)

=

AN
o2 o
o oL ofl

ok 32 rlo

o, 2] 4(total lipid, TL) 3+~ Bligh&} Dyer (1959)2]
ol efstol A& FEoHa FoHOR 2Hs et TL 5
]2 (phospholipid, PL) gFF2 Bartlett (1959)2] = o 23
AgFslei AL, v]=A1 2] & (non-polar lipid, NL)-2 TL} PL2] $F
Aol 2 Aikstoict.

~

X|& class & X[t ZHEM

TL 5 NL 9 PL class /-2 Jeong et al. (1990)¢] ®H
off whet 2A s3I TLO] A%HAF methyl ester+= 14% BF -
Methanol & o]-&35}o] ZA5FITHAOCS, 1998). TLE]
A HPAL 248 Omegawax 320 fused silica capillary column
(30 mx0.32 mmx0.25 um film thickness, Supelco, Inc.

Bellefonte, USA)= A2 GC (Shimadzu 17A, Shimadzu
Seisakusho, Co, Ltd. Kyoto, Japan)Z 4| A3} Al= 5
Q- (injector) & FI (flame ionization) 7<% 7] (detector) &=
= 250C = 3t9on, A2 E(column oven) 2= 180T
ol A 827t FAIgH & 3T /minS 2 230 T7HA] 524X Th
1587 §-A3F5it}. Carrier gas= He (1.0 kg/em?)S AL8-3}
a1, split rate= 1:502.2 3Tt EA4H A WA A| 29 49
o} FUgE 2ANA A% 3532 (SIGMA-ALDRICH Co.,
St Louis, MO, USA)2] W& A|7H(retention time)} H| .3}
o Tk, EFO] fle AHARY] 7 -9+= £ (Ackman,
1986; Moon et al., 2005)2] ECL (equivalent chain length)3}
Hl w3l FASI T U 52 2= methyl tricosanoate
(99%; SIGMA-ALDRICH Co., St Louis, MO, USA)S A&

HE 242 2 AIRS 2 group & UHFAL 2} groupe THA
2814 BAsle] 2 A\ % 43] AAIsteich 2412 o]
Z A} SPSS (Statistical package for the social sciences)&
ol-gsto] P FFHALE Fopglen, o] ThE &
YA AA(P<0.05)2 One-way ANOVA % Duncan's multiple
range testo]] 2] 3l AA|5}3ITH

o s
Znt 9 D3

Zegyo] mhe algo] 9 Aol drbIE =4 |

2] 4 S Table 20 R St 11501 89] = E3=fe
Al &2l A 65.5%% 2, frying pan, oven ¥ microwave oven
7t 22| A RO M= 49.2-51.8%% LrER o] F 14-16% 74
SHATHP<0.05). 7FE 2 2 A & Tholl= 724 %1 Zpo & YERY
A] QJSkON 1240 = fiying pan A ZeA] S0l 71

lo
=



7t ze] algofof

7 wrotet. Tl Aokl Rk Wit & AP A1 E(20.7%)
oflA 7H ok om, 7hd 22| A & O] - AAI 7o Bl 4-6%
A FoH o= =2 oS U 8L oL (P<0.05), 25k
o] ALA™ 7HaERY AR Atololl= F-9 A8l Atol= Kol
At AHFEE 2e 7t RYA R4 15.6-22.2%2] H
= AAZE(11.0%)00 ¥lsf FolH o Eqtout 7hd 2] Al
2 AJOlol= Sof7 202 L) ITh(P<0.05). olek 2
o] ghull W A2 Fhegol AR w]s) E AL DEolS
= 7tae o B ko] ZHAsto] whld 9l X ghefol
At Ao g =olA Axkel AZ-E th(Moon et al., 2012). 3]&
T 1.5-1.8% 912 e AlmollA A S U oven Al
Fof| A AgFol x|Wt [-OJ5HA| =8k}, 7HH e ol thE &
X AFTFL frying pan A Z(3.7%)N A 714 #3431, micro-
wave oven AlF(1.4%)ollA 71 Softt dratd oz =59
Aol = 23R AR 9FF2- 3= 91} EPA, DHA 5 n-3 PUFA
= A9 3hrEe] Al §7] wiitol 7HE 2 S wof] fEE=
A AL it Al A S ook, Leut o] 9] A8 559
Bete 2] AAl2E 7157+ EPA, DHA 5 n-3 PUFA
7FEAA o2 o grE o] Qlo] 7HE 2 o) 7sshH &
SA o] AL 2 S AdEshs Aol Foh webi] f-54]
A o2 It S ) 115-0]5-2] 7449 £ 2l5= microwave
ovensr 0|83t xejo] 7MY Lt Ao ® 7. 9HH
Tol ol wE Aol A gl AJEHSKCho et al,
1985)0]] thek Aol 4], Al &|FRo], ioto], 1 o] 9l A
QUA] o] & = Frolof A A4l Bholl= ke Afo| & et
T AL st = thE e o]l vl s g Afgto] BaL H
2|3k 24| Q1 2] (microwave oven)E ©|-8-3F A4l tol = At
Fakeh el ol efal A7t T

A7gol 0] EEE BAIRAA 60.5%= 7MY =2 ¢
Fe HERRIAL frying pan Al=27F 49.8%= 7MY W3k
(P<0.05). Microwave oven 2 oven A|&of| A= 9FA} ML= oF
56%% UEtHo] Ao ® ast Ao r Holx i A=
o] ALl golx7t $ITHP<0.05). THl AT ke AR
(169%)el Hl3te] the el 2(19.5-22.8%)04 §-2]
4oz goleh. olg Lo At mEolRl Hoo} nhh
A= 7k zeof ol Eehdo] Ao A Thlg g
o] AfjH e o] uhel Zow AzhEL. e} 4|
A AYAIE(20.6%)eF oHE 7FE 245 (18.5-22.7%)
Zroll= F-oleh Zpol& Ul A] ehoket. o Eehd-S A =
A 13% 9o frying panA R4 1.8%z2 v]ago] A2k ok
$9T(P<0.05), THE Tz AR 9ok FelHel 4
o|7} glaich. 3t el e FEXATES I1F
59| 7F-of TRRZIA R frying panA| 2o M 3.7%2 71 =
QFil, microwave ovenA|&ZoA 1.0%= 7P ottt shH
Larsen et al. (2010)2 F2AH=AF king salmon (Oncorhyn-
chus tshawytscha)S poached, steamed, microwaved, oven
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baked, pan fried, deep fried 56714 WY o2 x&|sto] 4=
ok} A ks 24T 1 AT el Ak
(63.86 +2.04%)0l 4] 7% =9k deep fried (50.45+1.80%)
ol A] 713 HRFTHP<0.05). 2|1} poached (63.36+0.17%) 2!
steamed (60.71+0.65%)2] -3+ A7} §1%12™, oven
baked (59.43 +3.22%), microwaved (58.84 = 1.47%), pan fried
(5639+647%) <02 S=Hgleo| AN O sty oLt
Qolx}= 9] §19ith E3F king salmon®] A AFHEES AYA]
54 21.61 £3.84%F LERH UL, 67FA] 7HE 22| A = of| A
18.02 +2.45% (poached)-26.30+1.67% (deep fried)2] ¥ <
£ Uetffo] oA g = AR Hsto] 4 e F7IRE
Aoz Boluh WE Amol|A el Aol S ekl et
ok fARE 7FE 28] 7] o] 83t A9 e wE
7y o] 2] AsHeko] 3= king salmon (Larsen et al., 2010)
o] 99k AL, ¥HA 35019 4.9 4% (Moon et
2012)%] Z--oF ARt Al Agkee] Haks Uehf it o2
3 o} 71e] Aoz 7} o} 9] Bol wliols|E iAo,
S0] TAAE F 557} A2 el Aol et e
& n) Ao Wtk ofuel, T ole] A9 4h W A
| gFaol frARRE AF#](Moon et al., 2012)9] 7-¢-2F 22| H
w2 SR A gl Wt gAe ARe Rt &
St Z780]9] A9 45 W 24 sheFo] f-AFSE king salmon
(Larsen etal., 2010)9] -9} Z2]gFHof| mp2 4=E3} 2] 4 g+
ool Wish A A9 B9 elc,

T 22 ol T2 A ATE DEo] U o] R
microwave oven A|Zoj|A] Th2 7}z 2| A|7of H]3l 2| 2]
fFrETel 7 AA U eH, oven Al & frying pan A&
o] Ze-Hot 214 fETFo] A3t o] 2|3t Ak, frying pan
2o MR, oven ZePPES ZHE7FRHA 1
2] 1l microwave oven ZHHE SA7IGRAI 0 2 78 7]
o] Exof w2 Aholet 1 AZHEI) njebA] HA1S, o] 7l
5ol W A7ele] 754 AL Ao vo] A 4 s
Z 2|4 O & microwave oven®|4 ovens ABHGH= A o] v
Zabria gzt

X|& class &4

2 X

Ei

Zegro] wE i
Table 3] LFER Tt

5018 2] 79 NL gk A 2(1043 /100 g7} o} 2 7
A H(14.79-21.40 g/100 g)ofl v|sl] ¥3tom, PL &=F A
YA E(0.57 g/100 g)oll A 7Hg otk A &S HRT B
A 59] TL % NLI} PL 2AJH] = 7k7F94.8% (AU A& 2 oven
Al 52)-96.4% (frying pan A &)%)} 3.6% (frying pan A &2)-5.2%
(BA= 9 oven AJR)9| HHE thFE NLAZC| Itk NL
class+= W= A2 A triglyceride (TG)<%} sterol ester (SE)7}
AZE Q). 0]5 NL class = TG7} NL g+=F9] ¢F 97.0% =

gl z7go] 20 2|4 class 2AL
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Table 3. Lipid contents and lipid class compositions of chub mackerel Scomber japonicus and Japanese jack mackerel Trachurus japonicus

muscles by various cooking methods

Chub mackerel

Lipid Raw Frying pan Oven Microwave oven
Total lipid (g/100 g muscle) 11.0+0.86° 22.20+3.18° 15.6 + 3.49% 19.2+7.06°
Non-polar lipid (g/100 g muscle) 10.4(94.8%) 21.4(96.4%) 14.8(94.8%) 18.3(95.4%)
Phospholipid (g/100 g muscle) 0.57(5.2%) 0.80(3.6%) 0.81(5.2%) 0.88(4.6%)
NL class (% of NL content)

Triglyceride 97.6 +0.83"’ 97.3+0.91 97.0+1.43 97.0+0.79

Sterol ester 2.38+0.83" 2.73+0.91 3.04+1.43 2.96+0.79
PL class (% of PL content)

Sphingomyelin 0.82+0.02° 147+023° 152+0.35° 1.24+0.09°

Phosphatidylcholine 61.7 £1.82° 60.3 +3.42° 65.2+1.79° 67.4+1.48°

Phosphatidylethanolamine 37.5+2.30° 38.2+3.18 33.3+1.92° 31.4+1.51°

Japanese jack mekerel

Lipid Raw Frying pan Oven Microwave oven
Total lipid (g/100 g muscle) 20.6 +1.95° 22.7+3.70° 18.5+2.80° 22.5+1.94°
Non-polar lipid (g/100 g muscle) 20.0(97.1%) 21.9(96.3%) 17.7(95.8%) 21.7(96.6%)
Phospholipid (g/100 g muscle) 0.60(2.9%) 0.84(3.7%) 0.78(4.2%) 0.77(3.4%)
NL class (% of NL content)

Triglyceride 96.2 +0.47"° 96.0+1.21 95.7+1.36 95.4+0.62

Sterol ester 3.81+047"% 4.03+1.21 4.31+1.36 4.64£0.62
PL class (% of PL content)

Sphingomyelin 1.22+0.37° 151+0.03° 1.06 £0.13° 0.98+0.23°

Phosphatidylcholine 82.4+1.42° 80.3+1.82° 80.8+2.51° 86.0+2.38°

Phosphatidylethanolamine 16.4 +1.30° 18.2+1.68° 18.1+2.37° 13.0£0.99

Data are expressed as mean+SD of four determinations(twoxtwo determinations), and different superscript

letters indicate statistically significant difference (P<0.05). 'NS, not significant.

AR SFG om, ey whE o)Al HolA] ohglrh. 7HH
PL class+= sphingomyelin (SPM), phosphatidylcholine (PC),
phosphatidylethanolamine (PE)°] L= A|Zo|A HEE S
W, o]F % PCe PEZ} =A4&0|%lth o5 Ate olf/s
9] PL class S0l 4] PC 2447} 714 =31 1 t}2 0 & PE %
AHI7F w2 Ao dEA Qe ARkl Akt fAkskT
(Takama et al., 1999; Jeong et al., 2000). & &1L 4] PC 243
H|= frying pan A|Zo4 60.29%= 7F4 W9kl microwave
oven A|&(67.41%)7F thE AlmEof vl o4 o= #qltt
(P<0.05). PE=31.35-38.24%2] 915 Yepy3lom, A=
of 1|3}y microwave oven 2 oven A| & o)A §-2]51A A5
= AFS Bk

1 7§0]5-2] -2 NL§FFo] ovenAl £(17.72 g/100 g)7} T
A £(20.00-21.86 g/100 g)ol| B3l 714+ Wk o, PLHeko- Ay
AIE(0.56 ¢/100 @Ol 4 714 WHFCh AA RS ] 23t wE A
£.9] TL% NL#}PL 24JH] %= 212+ 95.8% (oven A] &) -97.1%
(YA =)2F2.9% ("YA12)-4.2% (oven A= )2 9|2t -2
NL/d+20] 2kA|5}3i ek NL class= 315053t mpRk7hx]| &= 2

£ AREOA TG SEZF HE =Sl ©]5 NL class 5 TG7t
NL §H9] ©F 95.0% & AFA|5kgl om Ze|ihof w2 -2}
= Ho|z| 9koft) §HH PL class= SPM, PC, PE7} R E A&
ol AEELn], 015 F PCR} PEZF F450]9I PC 2
J8]= microwave oven A & o) 4] 85.98% = T A] =] H] 5
902 0 & =0 uhyl PE 2A]H]= 13.04-18.24%2] ¥ 92 1}
B $1.. 1 microwave oven A] &= T Al &of| Bl {214
o & vro 2 AH|E Uelf 9 ch(P<0.05). A780]5-9] PL class
X/QH|E I5o 53} H|wEkH PC= w2 HH PE= Wotth
wfabA] HA1% o<l 5o Ul A7ole] A1 class 248 %
ARZbol| oFte] atolE vetiglon e o] g dEA
ol S A/ UEhUbA] eisteh. et ago] 9 A78o]
T+ TL % NL (94.8-97.1%)°] th-a 2HA| 515 0m, A9t
ol & H7Yo)7F asofof vlsh TLS NL 24H|17F 32
& 4= Itk T3 PL class 5 PC= al5-0] W A 70o] 5= PE
of Blal =2 248 E UEH Siet A a15-0] 9l A 7go] 59|
NL class 242 AA| 29} 7HE 2 2| Al & HFof A AF2](Moon
etal., 2012)9] 792} G-A5FS oL, PL class A4 ol A= 7Y
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Table 4. Fatty acid compositions of the muscle and dripped lipid of chub mackerel Scomber japonicus by various cooking methods (wt %)

Muscle Dripped lipid
. Microwave . Microwave
Raw Frying pan Oven oven Frying pan Oven oven
14:0 341+0.27° 3.74+019°  4.36+0.38°  3.71+0.07° 4.01+0.19° 4.48+0.15°  4.28+0.26"
15:0 0.71+0.11° 0.72+0.09°  0.90+0.08"°  0.73+0.06° 0.79+0.09"°  0.80+0.05 0.79+0.07
16:0 19.7+1.00° 21.1+0.85°  22.2+0.44° 19.1+0.57° 20.0+0.48" 18.6+0.37°  20.6+0.68°
Phytanic 0.64+0.29®  0.70+0.28" 0.33+0.05°  0.43+0.29® 0.80+0.16"  0.93+0.12 0.89+0.11
17:0 0.81+0.11™"  0.68+0.16 0.87+0.14 0.86+0.19 0.80+0.03"  0.88+0.03 0.84+0.14
18:0 5.44+0.39° 572+0.57*°  6.51+0.55°  5.76+0.38° 5.45+0.42° 5.07+0.11*  5.89+0.38"
Others? 1.47 1.48 1.83 1.58 1.55 1.66 1.56
¥ Saturates 32.1 34.1 37.0 32.1 334 325 34.8
16:1n-7 4.54+0.19° 510+0.24°  4.89+0.23"  4.85+0.38® 5.48+0.37* 5.82+0.36°  5.18+0.42°
18:1n-9 15.6+0.55° 18.3+0.41° 12.4+0.66°  14.7+0.63° 18.5+0.31° 13.9+0.69°  15.9+0.74°
18:1n-7 355+0.47®  3.93+0.15° 3.14+0.32°  3.79+0.46" 3.80+0.34"  357+0.23 3.80+0.54
20:1n-9 3.27+0.27° 2.68+0.46° 3.35+0.35°  3.23+0.30° 2.95+0.56° 3.81+0.46°  3.13+0.39°
22:1n-11 2.62+0.29® 1.83+0.40° 3.22+0.91°  2.42+0.77® 1.84+0.61° 4.15+0.53" 1.76+0.50°
22:1n-9 0.56+0.04"°  0.63+0.09 0.63+0.09 0.56+0.06 0.62+0.12%  0.67+0.09 0.57+0.06
Others® 1.21 1.40 1.56 1.58 1.43 1.60 1.36
> Monoenes 314 33.8 29.2 311 34.6 33.5 31.7
18:2n-6 1.56+0.11° 1.27+0.14°  1.24+0.08°  1.58+0.19" 1.23+0.10° 1.24+0.10°  1.43+0.16°
18:4n-3 1.75£0.25®  1.68+0.49°  1.35+0.11*  2.19+0.38" 1.56+0.46° 1.49+0.12°  2.16+0.36°
20:4n-6 1.99+0.27™  1.69+0.37 1.91+0.14 1.8940.10 1.89+0.27%  1.91+0.26 1.76+0.14
20:5n-3(EPA)  8.05+0.51™  8.88+1.01 8.17+0.58 8.45+0.93 8.42+0.50"°  8.89+0.68 8.76+0.52
22:5n-6 0.72+0.07"  0.61+0.15 0.73+0.07 0.70+0.05 0.72+0.16"  0.63+0.15 0.56+0.08
22:5n-3 1.91+£0.14™  1.68+0.24 1.75+0.16 1.86+0.10 1.81+£0.18%  1.95+0.14 1.80+0.18
22:6n-3(DHA)  17.7£0.65° 13.7£1.23°  16.2+0.55°  17.3+0.38° 13.1+0.45° 15.2+0.76°  13.5+0.98°
Others* 2.79 2.50 2.53 2.80 3.28 2.73 3.55
¥ Polyenes 36.5 32.1 33.9 36.7 32.0 34.0 335

Data are expressed as mean+SD of four determinations(twoxtwo determinations), only the values over than 0.50% are presented and
different superscript letters indicate statistically significant difference (P<0.05). 'NS, not significant. ‘Others include 15:0 iso, 15:0
anteiso, 16:0 iso, 17:0 iso, 17:0 anteiso, 19:0 and 20:0. *Others include 22:1n-7, 16:1n-5, 17:1n-8, 18:1n-5 and 20:1n-7. *Others include
17:2n-8, 17:4n-3, 18:2n-4, 18:3n-3, 20:2NMID, 20:2n-6, 20:3n-6, 20:3n-3, 20:4n-3, 22:3n-6 and 22:4n-6.

ol 9k AFHol M ARSI, 15012 739t X2} th: Fpol

2 vehgict.

WEolg e WE ARe)M M7 B APAE 160,
18:1n-9, 22:6n-3 (DHA), 20:5n-3 (EPA), 18:0, 16:1n-7, 14:0,

18:1n-7 50|t o]& & 2487} 5% o)<l 5719 A4t
[16:0, 22:6n-3 (DHA), 18:1n-9, 20:5n-3 (EPA), 18:0] o] A4 A
=, frying pan A|=, oven A|& 2 microwave oven A]=Z0] 4]
Z¥7} 66.49%, 67.68%, 65.41% X 65.24%% FA|WHAF 2/ H]
9] ¢k 2/35 LFERYI ULt 3HH Jeong et al. (1998b)o] Ea1gt 11
SOl A EFY A 2AS B 5% o] 571 =8 A
ARS- 18:1n-9, 16:0, 22:6n-3, 20:5n-3, 18:00.2 2 119} ]
Wk 27} 8 2] Aol AT ZAH|TE 2o

W L
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Table 5. Fatty acid compositions of the muscle and dripped lipid of Japanese jack mackerel Trachurus japonicus by various cooking
methods (wt %)

Muscle Dripped lipid
Raw Frying pan Oven Microwave oven Frying pan Oven Microwave oven

14:0 3.93+0.16®  3.90+0.07° 3.92+0.15®  4.08+0.15° 4.06+0.20"  4.02+0.21 4.22+0.23
16:0 18.8£0.78""  18.9+0.56 19.6+ 1.00 18.6+ 0.41 19.5+ 0.41° 20.6£0.95° 19.5+ 0.56°
18:0 526+0.33"°  521+0.29° 521+043® 4.84+0.13° 524+ 021"  5.17+0.55 5.13+0.15
Others? 2.03 2.07 242 223 2.39 2.30 2.26

¥ Saturates 30.0 30.0 31.1 29.8 31.2 32.0 31.1
16:1n-7 7.87+0.30° 8.18+0.60°  7.73t0.17°  8.67+0.24° 8.45+0.29° 8.39+042°  8.87+0.41°
18:1n-9 21.5+1.02° 20.2£0.90° 20.2+0.76°  20.2+0.35 214+0.70"  21.4+0.96 20.8+0.86
18:1n-7 410£0.32"  3.84+0.10 3.94+0.24 3.99+0.14 3.84+0.36"  3.96+0.43 3.81+0.18
20:1n-9 215+0.75"  2.20%+0.21 2.20+0.17 2.42+0.33 2.34+ 020"  2.22+0.49 2.46+0.31
22:1n-11 1.98+ 0.08° 2.08+0.24°  2.16+0.17°  2.63%0.66" 2.04+0.23%  2.09+0.70 2.50+0.55
Others® 1.37 1.38 1.62 1.46 1.93 1.63 1.82

¥ Monoenes 39.0 379 37.9 394 40.0 39.7 40.3
18:2n-6 3.77+0.41° 2.96+0.81°  2.12+0.52°  2.35+0.67® 3.15£0.61° 1.98+0.59°  2.26+0.58°
18:3n-3 0.80+0.05™  0.81+0.09 0.83+0.10 0.73+0.07 0.80£0.05™  0.77+£0.09 0.74+0.06
18:4n-3 1.02+ 0.08° 1.02£0.04*  1.19+0.18°  1.01+0.03° 1.05+0.03"%  1.16+0.25 1.05+0.03
20:4n-6 0.88+0.04™  0.94+0.09 0.87+0.04 0.94+0.04 0.77£0.05™  0.80+0.07 0.82+0.04
20:4n-3 0.63+0.04"  0.62+0.01 0.62+0.06 0.63%0.02 0.63+0.10"  0.57+0.09 0.60+0.03
20:5n-3(EPA)  7.13£0.41"  7.62+0.40 7.29+0.13 7.68+0.14 7.20£0.34"  7.40+0.25 7.41£0.30
22:5n-3 2.42+0.11° 2.23+0.07°  2.05+0.14®  2.33+0.13™ 2.01+£0.08° 1.98+0.21°  217+0.13°
22:6n-3(DHA)  12.4+£0.79° 13.9+0.61°  14.2+045°  13.2+0.78% 11.6£ 059"  12.0£0.47 11.8+ 0.61
Others* 1.94 2.01 1.90 1.95 1.68 1.65 1.78

% Polyenes 31.0 32.1 31.0 30.9 28.9 28.3 28.7

Data are expressed as mean+SD of four determinations(twoxtwo determinations), only the values over than 0.50% are presented and
different superscript letters indicate statistically significant difference (P<0.05). 'NS, not significant. ’Others include 15:0 iso, 15:0
anteiso, Pristanic, 16:0 iso, 17:0 iso, 17:0 anteiso, Phytanic, 17:0, 19:0 and 20:0. *Others include 16:1n-5, 17:1n-8, 18:1n-5, 20:1n-7,
22:1n-9 and 22:1n-7. *Others include 17:4n-3, 20:2NMID, 20:2n-6, 20:3n-6, 20:3n-3, 20:4n-3, 22:3n-6, 22:4n-6 and 22:5n-6.

)

HRALo] 22 L L ol3lelt) ES o] & 55 A HFA] 65.20% oven A|&2(16.17%) Y microwave oven A|&(17.27%)0A

2 70} ARt A2 UEolth TEU EPA 9 DHA = SARSHIOLE, frying pan A E(13.74%)0] = G-0]d 0.2
717y 7.41% 9 13.54%2 2 A1512] 8.05% 2 17.70%2}= oha e 2AHIE YERNATHP<0.05). 184 EPAS] 739

fr hu

DHA Z/du]of| A tf4x9] Zpol5 Kt} o] gt Ab= A}
o] Atoll A AREE A= HFA7] B s, AEdE 5
o uhe apo] HjEo 2 H2HEIc B AT A 1Eolg] 1
B A 248)E Ryl whet Bl wslh saturates &
AH]= oven A Z(37.0%)0] 4], monoenes 24 B]+ frying pan
Al 52(33.8%)°l1 4], polyenes Z/JH]+= microwave oven A&
(36.7%)0ll A 22t =2 2/du|E Kt Polyene 5 ©]F2
gz el 7154 AARl DHA A4 AAE(17.70%)2}

L RN 2(8.05%)2) HE 7} 2| AR (8.17-8.88%) Alo]9]
£ A GSlER meba] 5ol ge] 718 Aol n3
PUFA 2] AHE 24 oveno]L} microwave ovens ©]4
3= A o] upedAlaletar Ay zhEl et §1H Park et al. (2010)2 8
FE RS A A o] 28-S Satol W o], FR R, 52
g o2 zalslo] AutRAS 243513 1 EPA, DHA
of 2/Ju|7} A2 792 A 9] 2fo] 7L giglekal B aatedct.
E3F Gladyshev et al. (2007)2 =2 0|4t 9 AJH|2|opAl &
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oY(Salmo trutta), 18] 2 }(Clupea harengus pallasi), g 4]
(Lepidopsetta bilineata), t7-(Gadus morhua maris-albi) -
4% ole) T8E Hol A} diker) 712 A $11 Fol
EPAS}DHA 3Hefe] w12 ghaksic). -1 A} e 29014k 4
ol A= Tz Aloll EPA®} DHARlEO| A gkl ot o
£ ofFolM= F7HA 7HE 2 Alm Bl Ao Z-e-ot
2ko) 7} ekl B stk 18] 1 king salmonS: poached,
steamed, microwaved, oven baked, pan fried, deep fried 5 6
7FA1 9] thoFst ety o2 AlS3t Ad(Larsen et al. 2010)
ol A %= deep fried (sHlet7] 715l Fl4) dolE A&fstile
5 714 Z2|H =0l A EPA @ DHA 2] 24317} A1} 7
O] FAFSHRATEAL H stk wheha] £ 5kl A EPAS] 75
= 05 A ALt AR O U, DHA 9] 74 9= thas Aol &
et giek e o] whg Fols fEAE o ARt =
4 AR A7K(Table 4) = 1150150 AWAF 2/ 3t Akt
o}, THolgo A9} TR WE A R4 4522
FQ AHARS- 16:0, 18:1n-9, 22:6n-3, 20:5n-3, 18:0, 16:1n-7,
14:0, 18:1n-7 5|9 01 24 H ol A= I ol 5] 552} §
Asloict. Eat 2eue] B 92X A0 AEA
A 9] ZFol7} 319l 1, thil oven AlEOA] 16:0 & 18:1n9 %
Aul7} T Az skl folH o g Wokk(P0.05). 12
51 EPA 24| E A|Rol4 o315 eRA) oha 9
54901}, DHA Z4H]E ovend 2ol tha & 2482
LB ST, o] F-EA1 42 Hg A FoHA] §hal W= Ftol
7] wizoll ovensr o83t ZeH o] DHAS| &40] thE A
Fofl H8f thar gk As ofnjeith 2o e i1s
o} g3 FEAA Y] At 248 E FF4 W microwave
oven 2|9 o] frying pan 2! oven 2| 2t} DHA+EPA
2/H7F 1L, FEAATEE 2o] n-3 PUFAE 2t gl
A 5 e A ket 2o ol efarl Az e

SHH el o] mbE Aol st &R E Y At 24
Table 5 of] LreF it

A70l52] e AlmolA 24H7F &2 Ak 18:1n-
9, 16:0, 22:6n-3 (DHA), 16:1n-7, 20:5n-3 (EPA), 18:0, 14:0,
18:1n-7 50 &2 1150]8-2] -9} A2 S-AFSF 1) 18:1n-9
o] 2Au]7} TEOlGHT 2 v 16:02] A7} okgh vk
< 54 Bk o5 5 243U 5% o)<l 571 ¢f A4k
[18:1n-9, 16:0, 22:6n-3 (DHA), 16:1n-7, 20:5n-3 (EPA)] ©]
AA R, frying pan AlZ, oven A& E microwave oven Al &
oA 22}y 67.72%, 68.73%, 68.95% X 68.41%% ZA|WA
2/3419] °F 235 717+ UEh it DHA 2/dH]= A=
NA 12.82%2A4 7FEZ2 2 A 5(13.23-14.16%)2} AL A}o]
7} 91900, EPAS] 20| YA R(7.13%)9} 7Fei z el Al =
(7.29-7.68%) Atolol]l g-olx}7} LR} A] ekofet (P<0.05). Bt
A ool weh dols o riE G5 AHY] A4
2785 AR Z3K(Table 5)%= 74 0] 50 Aik 243} AL

7yole] FFE 715

ool AuE foks B A ofRel Eo] W A7o|
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