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Changes of Nutritional Components in Spanish Mackerel
Scomberomorus niphonius by 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

The changes in the proximate compositions, lipid classes, and fatty acids of muscle and dripped lipids, and the amino
acid compositions and mineral content were studied in Spanish mackerel Scomberomorus niphonius muscle cooked us-
ing a frying pan, oven, and microwave oven. The moisture content was high in the raw sample (65.7%) and decreased
with cooking, decreasing the most with frying pan method (54.5%). Conversely, the protein, lipid and ash contents
increased significantly with cooking (P<0.05). The dripped lipid content from the cooked muscles was the highest with
the frying pan sample (0.81%) and was approximately half this level in the oven (0.46%) and microwave oven (0.34%)
samples. The percentage of non-polar lipid (NL) in the total lipid content exceeded 95% for the muscle lipids (13.9-17.6
2/100 g sample) and 99% for the dripped lipids (0.34-0.81 g/100 g sample). The prominent fatty acids were 18:1n-9,
16:0,22:6n-3, 16:1n-7, and 20:5n-3 in the muscle and dripped lipids. The frying pan muscle lipid contained high levels
of saturates and monoenes such as 16:0, 18:0, and 18:1n-9, and low levels of polyenes compared with other muscle
lipids. The fatty acid compositions of the dripped lipids were similar with all three cooking methods. The prominent
total amino acids in Spanish mackerel muscle were glutamic acid, aspartic acid, lysine, leucine, and arginine, and their
proportions were similar (45.49-45.82%) in all samples. The potassium and phosphorous contents increased signifi-
cantly with cooking (P<0.05), and while no heavy metals were detected in any sample. These results indicate that the
change in nutritional components, especially the lipid content, was lower with the microwave oven and oven methods
compared with the frying pan method.
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AN B 7 Folfoln, &l Aot Eafj AdftollA abzbstal, 7

ode g2 s 5= oledtth. B3t e 27 4%

FElvket =l 190 A7 of o7 4] 19994 30.7 kg of ufj-p- el 53} & 67 ol Aol 33-46 ecm7HA] Af2tal

o4 2009 ] 35.4 kg & 2 A &2 0. 2 F7} A& e AL T 1do] =1 57 em7bA] Adsts 2o 110 em71#] 43735t
ATHKREL 2010). o] e} gro] ojsfj o] An|7} Foldt 22 = = A2 dA It Chyung, 1977; NFRDI, 1994).

R59] 4t tlmof A7l tiet Talol Abe] AutA o= et gt ollAf o E= A9 & ofEFe] 1970

o o=H ofuf ot B2 pibEo] 2 AAE B Aol 10,000 M/Tola} ofient, 1980 Hofl 5o o

well-being 4]&0]2h= Ql4]o] ARkn|AE oA = E 2] 34 ol M4 $7kste] 2000w Z7]0fli= oF 25,000 M/To]4,

o

bzl tiRt A E7h Eobl7] Yo BAH 712]31 2000 off FHHE] 201013 714] = ©F 35,000 M/ITL.2
A= SEluet A, FE vt sE=, dE S5Ol olgwe] 54 S7HE Holal 3ltk(Korea Statistical Infor-

o Aot BSoA oS FAdsIH ofsshe AP AU Y mation Service, 2010).
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3 A7 ghero] & 1L o 7] AlEo]n th2 AjAle] Hle) &
8] S0 REale 248 X1 ek, Lea A o] X2

HBE 50 5 The A4S ojfel sl g XA
npzl7iA 2 choksl e 7152 714 eicosapentaenoic acid
(EPA)¢} docosahexaenoic acid (DHA)S omega-3 (o F+=
n) polyunsaturated fatty acid (n-3 PUFA) 9] $-4=31 33 0]
th(Jeong et al., 1998a,b). 24| =4 7|54 E-2l n-3 PUFAS
oheg SHOkAL Sl AR EOl A ] =& FH A
HE3} S R50] wth= d-H(Horrocks, 1999)E H| 535t
of HEy-det nd, A%, 1, A, W Sl 9
S AMES W5 4 lokal Al Eof glti(Hirayama, 1990).
E£35] DHAS} 248 n-3 PUFAE= oo Fufihda) Ajgurd
of Bzl AR oz & ek A QIti(Birch et al., 1998),
SeuEtoll A A= B AZol A E7HA] A = ol o]
SEaL glon, SHo] i Astal 4317} 2 Hu g ofe 7}
A g.ejof o] Q& ¥ vt of g} of Y 1o] Ak o]
U = W uar To8 $&5h= 1lg ofF TY SRR
def A Qlet,

159 fEvE 7P oA = B S SRR U5t
&8t 2ejsfjof stz A A 2|7} tha WAFIL &4 Sl
HIRW7F dehs o] fr = A AR 9 WS okttt 5f
ARt 2Foll= AlEThs7|se] WY R of2el Wale Hekst
of pFut &4 22T 5 Sl 1A 7R H g AlEol B
o] f-& =L §lof A An|REol|A Zgekar Qe A ze
W 7hed] M 4l Aol =2 A4 Y frying pan
= olgsto] we AT ol e, & 50] oven ¥
microwave ovend} -2 7171717} 2 71 o) Ge] B
A o] 5 o] g1E ThHBIAL A3 2R o] ZdE o] HRE
Al AT ©EA7| AL 7HA e 77t Aol 2 7]

£ s g,

AR 2BAEE 74 E B well-being A1&of] Thgh
=S Aol ABAA] FhEol Qs
S 58 2 S A% T AP S wEe] Hall
E A FRE A7) A, o] 7o AlFF YL ol
o L5 Ealo] Be A tiJeong et al., 1998a,b; Kim et
al., 2001; Yoon et al., 2010; Moon et al., 2011). &L} o] &
o] eIty 5 AlFF YR Wt Bl A== Shim.
et al. (1994)0] =33t % o]0 7P xo] w2 o
ARz 0] Wsto] ek ol 12|11 Park et al. (2010)2] oF
2] a5ol9] 7hd x| of ofgt Atz o] wstol Tt A+
S =8| Aol Bafeitt, E3t o]F AFE2 7tz uf
£ oAbz dolu; A ik g Foll wgtE o] Qlat, dute
2, 771, S5 5 28 Ao Eeves fEAEE
3t AF G AR WEE A Sl HES A+
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FOR AU gk SFEAN AT ANZ NRE 5
of MZPROIA] RHHOR AGH T Y 7|,  fry-

A2 dEstc
HE U Y

A=

2 Aoll AR AR (15112])= 2006 29 AR AgHe] 7
Aol A o] 2 A& Algitol A AgH AR £ ice boxol| d5
< A9 2 FYA A AFAR Rk ok A%, A
As 2 #H7E&S ST RS 3FEr] De(fillet) &
2 T 5 AARE frying pan A5 oven A|ZEE 2 mi-
crowave oven A| 580 2 JLE3lo] ALg3I9iTh dutdog
7ol A A Adtolof Hol AREE|AL Q= Z2]7|4tel frying
pan, oven X microwave oven ©]-85}o] oH| A S-S Y5}
7P AAERE o] 271S ARG, ARE ReER
7hEA gt & SR} {2 A Eystg o AR
= U5 PR ok -70°C e arel] AshEA A A
=22 AT

ZE|EH 2 AlZQ| =X

Frying pang o83t Al A= HZEo s 394 fry-
ing pan®} 7}28|20%|(SAMSUNG SGR-22SB)E AlE-3
ek, 7t Soll frEHE 7152 T2 34st] flsiAl 7
TUS Y RAAESFO 2 o] frying pan 9]of Zal 71 €]
fillete =3tk & =olA S2RES WA 1383t 7FEsta
F ol AARES T8 71Esto] F 2021t 7HE skt
Oven A&+ 2 E(Rinnai RSO-Z53H, Rinnai Korea)S H
A 200C = ov|7}Esto] oven i =5 A7G5HA FAUS
n, SARERE 5 AAS g2 3457 ffeiA £
S UG UHAgAR o2 o] AR A] flofl &2]aL 71 floll
fillet-g ol 1887 71493}4tt, Microwave oven (LGZA}
M-M209EC, 2,450MHz)& 0] 23+ A|7i= A7| - A] 9jof =
B B gA ke 2 Hol &9 5 11 9]0 filletZ ol
1057} hdahict.

o 7o ZEYWOR 2AY AN $YR} 45
A Beislo] 314 F B AR 2 A
pH 53

Filleto 2 WH= AA = 9F 10 g% 2-3 cm F7| 2 Ahso] H]
o]A o) @il ZH4 100 mLE Y& 3 speed cuter (HANIL,
ST YA FM-909T)= 3027t o ASIA Zich, 23k &9



< pH meter (MP 225 pH Meter, METTLER TOLEDO)E
o[ §5to] Z4stelx A YL 33 wrE st

OlHIA

olHHAIE Al O|X|E! Btz

AT

Wiy F FRUFS AL taAzy e
Semimicro Kjieldahl®], 3]Esl2Re AAls|shH o7 2435}
Fom |z A(total lipid, TL) =2 Bligh®} Dyer (1959)2]
ol ofsto] A de FEekal FHH R SASY. 1=
Qe AU §28 ALL Hehet e 27 355
o 2ZEEL ol§3}o] S0 mLE BET T FHYOL 2
Aslct, TL 5 Q1A &(phospholipids, PL) §H=F2 Bartlett
(1959) 9] ol ofsf g=Fatiar, vl=/d & (non-polar lip-
id, NL) 92 TL} PLO| ghgato| = Al4kshaitt,

K& class & Xt 28 24

TL 5 NL 9 PL class 242 Jeong et al. (1990)2] = o|
w2ba] 25T, TLO A HHAF methyl ester+= 14% BF3-
Methanol §o4< o] &3lo] 2A8ATHAOCS, 1998). TL
9] AR 248 Omegawax 320 fused silica capillary col-
umn (30 mx0.32 mmx0.25 pum film thickness, Supelco, Inc.
Bellefonte, USA)-2- A25t GC (Shimadzu 17A, Shimadzu
Seisakusho, Co, Ltd. Kyoto, Japan) 24| 243}t A& 3
¢]-H(injector) 2 FI (flame ionization) < 7](detector) ==
£250C 239 er, AY 2 E (column oven) &=+ 180T
ol Al 827 A8 37T /min .2 230 C7HA] 524171 th
1587F 825}l T}, Carrier gas= He (1.0 kg/cm?)& A-8-3
I, split ratio= 1:50 2.2 }ic), 4% AHARS A7 2] 7
-9} FAoE A A EA3F E2E(Sigma Chemical Co., St
Louis, USA)9] HF-EA]7Kretention time)1} H]uslo] 574
Skl 0| gl AgARY] 9= £33/ d(Ackman, 1986;
Moon et al., 2005)2] ECL (equivalent chain length)i}- H]
W5ty AL, Y5 EEE S 25 methyl tricosanoate
(99%; Aldrich Chem. Co., Milwaukee, USA)E A3} T}

of|leitzd 24

Z o)Ak A upE AJE 100 mgL test tubeo] 23]
3t &, 6N HCI1 3 mLE 7}35to] A4S $74A]7] & heating
block-g ARE-8F0] 10T ol A 24417F F4F 7H2 s Al Zith, 7+
T3l H 8-S glass filter = of¥}sho] 1FFA7|(EYELA,
SB-1000)0l| 4] HCI& 23] A| A%t - citrate buffers ]
skod 25 mL2 AL35t9th. ALE A|EE Biochrom 20 o}
1] = Ab A5 54 7] (Pharmacia Bioteck Biochrom 20. UK)]|
Sjsle] % ofuliAbg BB,

lof o2 319

F714 9 S54SR Tsutagawa et al. (1994)9] Al&qy
ol E5tol 4] Balstol AR S 2AB el B4l =,
AR 1 g2 100 mL A2tEeA30] H8s] 23k %, HNOs
£ 9F10 mL H7}skal, heatero]] ol S AEo] Hof
A 7FE kg, 7FESol HNOs7F £o15H o H7H A=
S ke A 7Fed% HNOwF AL WA o s =
of3litt. HNOw §7128 0% Bafel] 5 w4 £
S Bl AR BolAl| T Gelo] of 13 mLYE e
W7hA] HNOsS ZHHA 7k, 7hEl AR Wabal7l & 19
HCIZ 50 mL A43t0] $4ARE AHgstec 2714 o
54 242 Inductively Coupled Plasma emission spec-
trophotometer (ICP, Sequential ICP-AES, Varian, Palo Alto,
CA, USA)= stglon 7t 77]12 9] A7 242 standard
calibration curve peak arcaE A3t}
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H Ao ARE-% 4FX](Spanish mackerel, Scomberomorus
niphonius) 2] RYE3HA AR 7 53.042.8 cm, A4 44.2+2.3
cm, A% 846.8t111.1 g, pH 6.26 (RPAES) L H7|&2
41%013tt, HA= 2714474 0] v wel 23} 5 67]Ho|
H Aol 33-46 cm7kA] Aktal gk 1d o] = 57 em7kA] 4
SRR (NFRDI, 1994) 2 tof] ARgE A|EQ] AFA]= oF
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Table 1. Proximate compositions of Spanish mackerel Scomberomorus niphonius muscle by various cooking methods (wt %)

Raw Frying pan Oven Microwave oven
Moisture 65.66+0.46°¢ 54.5+1.212 59.5+1.13° 55.9+1.862
Protein 18.0+0.182 23.4+0.35¢ 20.6+0.07° 22.9+0.46°¢
Lipid 13.9+0.862 17.6£1.93° 16.411.44° 17.0£1.36°
Ash 1.23+0.012 1.48+0.22° 1.4210.07%° 1.57+0.09°
Dripped lipid 0.81+0.14° 0.46+0.15%° 0.34+0.022

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

statistically significant difference (P<0.05).

FU =S} 2] T2 AL AARHL itk S HEA king
salmon (Larsen et al., 2010)2] 7%= A mof| A Es}ak
(63.9%)°] 7} =3k3L, oven baked (59.4%), microwaved
(58.8%), pan fried (56.4%) =0 & 4=5-3keko| 7FAaslglon]
3] pan friedoll 4 -5:5H0] 714 o] 7o Ao2 1
B 2 ATt fAR 23S BT

cha e A 27 18,002 7V Woko o T2 BE A]
2o A= AR HI) F-oH 02 EUThP<0.05), 22
Hlofl T2 THIARES SR eI B2 frying pan A
F(23.4%)°0 A 7P =91, Th2- 2 & microwave oven Al &
(22.9%), 7L2] 3L oven Al (20.6%)0l A 7178 Skt A&t
T A A RTFI3.9%% 71 WEokon | RE VAR AR
Z, oven A|E(16.4%), microwave oven A =(17.0%) 4 fry-
ing pan A|&(17.6%) 1A A2 HTE G040 2 =8 Fhds
LR QIEHP<0.05). oleidt AARE chaldgtere] 494
2SS TFE R e B A SRRl gt A A ek
o] A& o & EolF 7] el A e& HIrH(P<0.05). 0|2}
ol AALE T8 420) hanoh o] Xk chul ey
o] Ao g F7Iet AL |79 Aol fARF AHHE
ERJjictar B aiw]o] Qlt(Mustafa and Medeiors, 1985). =
ok SRR A =(1.23%) 7} 7H et on njgol x|qt o}
£ HE7HERY AlmolAs A = Blske] L oko] -9
20 & =QTH(P<0.05).

SHH 2 At ARSE AR S(AYAIR) 9] URHIE-2 Jeong
etal. (1998a)2] 23k} v 3L 0] Apeeh 20| S Lepygl
=, & AR/ AASF(YAI7) Q] DRI 74(65.7% vs.
72.7%), TFHA(18.0% vs. 19.6%), 212(13.9% vs. 4.93%),
S]2(1.23% vs. 1.52%) = A 53| 2okt A Aol A 2
ZpolE UERGITt, ol#jgt Auf= AR AFHAZ| E ofA
O 7)o i Aol 2 AZET, & & Ao AREE A=
294k0.2 Ago] 4.2 om G, T2 Aol 8O
Aol 39.5 em@lty, EQF UHHA 0 7 AFA]= 53 9] ARt
2 4do0] Aol W A0 el 3t

a2 whE fEE AEEE ST A frying
pan Al 5(0.81%)0l 4] 7F4 wo] $-25] 9] 21 oven Y micro-
wave oven A &A= 22 0.46% L 0.34%% frying pan A
=of Bl of 1274 =98] A o] FE% 30t AA%9] TAH

ol thigt frE A8 of vl&-2 frying pan A& 4.41%, oven
A& 2.74% 4 microwave oven A&7} 1.96%= LEFITE
utebs] AR S-5 o]l o5 & A frying panC. &
+ Al A EREuEo] Flof 49 7154 Al S F et A
#3 4= 9J= oven U microwave oveng 0|83k xe]H o]
HAERREE Folibolet AzbE e, e|a A Y] 7Hd 2
of wg FEA o] Bt thE A o= Fot & = glSiTh

XA class =M

el e gAls 2 FEAEY AE class 24
Table 20] UrEbi it 2E ARl A NLFE 13.5 (Al
) - 16.8 (frying pan A]32) g/100g2] IS o PLE=F2
0.39 (JJA| &) - 0.74 (frying pan A| &) g/100g 0 2 NL§HFo]
PLoj H|3}| &-53HA] &8kt A &S B3 2e A2 TL
% NL3} PL 24 8]= 212} 95.8% (frying pan A &) - 97.2%
(BAR), 2.8% (AYAIR) - 4.2% (frying pan A|=2)2] W=
T NLA2o| let, 3HH frying pani|&2of4f NLOJ 24
HI7} o2 Ao HIsf o7 WA Uelit=t ol Hsdt vt
o o] thFE NLZ 2= = =4 20| frying pan A&z
A 7P Be7] wielr Holw AR fEA1E ] 99% o)
o] NLo] it

NL class+= = A| 79| A] triglyceride (TG)$} sterol ester
(SE)7} ZAZ=9ith. 0|5 NL class = TG7} NL §H2k2] 949
ol AHAI5H LM frying pan AE(97.0%) 7} tHE A&
ol ul8) §-2J517] £SATHP<0.05). AHH|2} 2L 5ol 72l
AAsk a15019] Zfoll= TL 5 NLo] o 84.3-85.0%F 24|
519 al, NL class+= TG (87.4-93.1%) 7} A E0| o1} free
sterol (FS, 4.58-10.5%)0] A= &7-5of 3lglom  o]Qo
diglyceride (DG)¢} free fatty acid (FFA)7} &5 o] A2 9]
7852k 2 thE 2 e It Moon etal., 2009). ©]
23t Adks A9 A5 ol= A ool 7 SHATE o F S
o] A2 S 74A7] R0 2 whehE gt

31 PL class+ sphingomyelin (SPM), phosphatidylcho-
line (PC), phosphatidylethanolamine (PE)©] X& A& 0| A
HEHUon, o5 F PCY 2AH7 B AlRollA 82.6%
old= ApAsteltt. PCEAH|= A =ollA 82.6%= 7H
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Table 2. NL and PL contents and lipid class compositions of Spanish mackerel Scomberomorus niphonius muscle and dripped lipid by

various cooking methods
Muscle

Raw Frying pan Oven Microwave oven
Total lipid (g/100 g muscle) 13.9+0.86° 17.6+1.93° 16.4+1.44° 17.0+1.36°
Non-polar lipid (g/100 g muscle) 13.5 (97.2%) 16.8 (95.8%) 15.7 (96.1%) 16.3 (96.1%)
Phospholipid (g/100 g muscle) 0.39 (2.8%) 0.74 (4.2%) 0.64 (3.9%) 0.66 (3.9%)
NL class (% of NL content)
Triglyceride 96.4+0.58° 97.0+0.64° 94.8+0.837 95.8+0.90°
Sterol ester 3.62+0.58° 2.99+0.642 5.20+0.83°¢ 4.22+0.90°
PL class (% of PL content)
Sphingomyelin 9.62+1.91°¢ 4.76+1.55° 2.79+0.282 2.15+0.622
Phosphatidylcholine 82.6+2.00° 86.6+1.79° 86.7+1.90° 89.441.84¢
Phosphatidylethanolamine 7.73+1.992 8.65+0.74° 10.5+1.81¢ 8.45+1.93°

Dripped lipid
Frying pan Oven Microwave oven

Total lipid (g/100 g muscle) 0.81£0.14° 0.46+0.152 0.34+0.022
Non-polar lipid (g/100 g muscle) 0.80 (99.0%) 0.458 (99.5%) 0.339 (99.8%)
Phospholipid (g/100 g muscle) 0.01 (1.0%) 0.002 (0.5%) 0.001 (0.2%)
NL class (% of NL content)
Triglyceride 97.2+0.97 96.8+0.33 97.7+0.46
Sterol ester 2.76x0.97 3.15+0.33 2.30+0.46
PL class (% of PL content)
Sphingomyelin 15.5+0.592 16.3+1.682 29.8+0.71°
Phosphatidylcholine 73.841.56¢ 64.5+2.49° 41.3+0.802
Phosphatidylethanolamine 10.7+1.422 19.2+0.86° 28.9+1.51°

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

statistically significant difference (P<0.05).

L HE A &mofl A= 86.6%-89.4%= A A=l BB 2%
0 g =9 (P<0.05). SPM& YA Ho| A 9.62%% TFE Al =
off ulal #2402 FUTHP<0.05). EJF PEX/JH|= oven
AE2(10.5%)°1 A THE AE(7.73-8.65%)°1 B3l o4 oz
Rt =2 AH|IE YERNATHP<0.05). 3FH Moon et al.
(2009)0] Hi1gh 3150150] Zf-ofli= TLZ PLF+/dH|7} oF
15.0-15.7%2 A2]8(2.8-4.2%)°l v]3l &2 v]&S A5}
A}, ESE 715019 PL class+= phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylserine (PS),
sphingomyelin (SPM)5¢] &5 ¥ o] 5 PC U PE
o] Z4u]7} 80% oS AT, 0|5 AT )RS
9] PL class Zo||A] PC ZA8|7} 7F4 =11 71 &0 2 PEX
AHI7L e Ao dEA e Ankel A fAls
(Takama et al., 1999; Jeong et al., 2000).

FEAEE e 2olA 0.34-0.81%% 0] F&

AR A A class 242 HH LE A]ZA NL 2A4JH]
7} 99.0% o)/ o &2 tiHES x|k o PLY| XAJH|=
0.2-1.0%= =38] Lokt F=A14 9 NL class= 4125 2|4
3 oA 2 TG 9 SEZF AEE %A 252 2491](96.9-
97.2%) = A2 (94.8-97.0%) 2] 73--9} 3-A} ST, G-E4]
Z 9] PL class& A2]S-3} npl7} A 2 PC, PE ¥ SPMo] A=
EQlaL, A Sl H|gto] PC 2/dH]= -2 ¥HH PE 9 SPM
O] 2/dHl= =2 AFS Uet et shARt #EA44 5 PL
g =H%(0.001-0.01 /100 g)of] &5t or ol= Al
kS sk QA o] Zhdz ol ofsto] fEE7] oY
Th= AP AJAFSEO] =0Tt whaba] 7z e] Ao 24

A2e A9 thigo] 24212l NLo|eka Az},

ol w2 AAS 9 FEAAY F8 APt 24e
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Table 3. Fatty acid compositions of Spanish mackerel Scomberomorus niphonius muscle by various cooking methods (wt %)

Fatty acid Raw Frying pan Oven Microwave oven
14:0 4.58+0.182° 4.39+0.162° 4.7910.44° 4.30+0.262
15:0 iso 0.19+0.01° 0.12+0.012 0.21£0.03° 0.20+0.02°
15:0 anteiso 0.06+0.01° 0.05+0.022 0.07+0.01° 0.06+0.012°
15:0 0.53+0.01° 0.38+0.032 0.57+0.03¢ 0.52+0.03°
16:0 iso 0.07+0.00° 0.06+0.012 0.07+0.00° 0.06+0.012°
16:0 19.59+0.272 21.08+0.28° 19.32+0.502 19.4£0.922
17:0 iso 0.36+0.012° 0.32+0.052 0.41+0.04° 0.35£0.012
17:0 anteiso 0.11£0.012 0.13+0.022 0.16+0.03° 0.11£0.012
Phytanic 0.40+0.01Ns? 0.43+0.02 0.41+0.02 0.38+0.08
17:0 0.47+0.01%¢ 0.39+0.022 0.50+0.03¢ 0.46+0.01°
18:0 3.76x0.052 4.40+0.04° 3.76+0.332 3.68+0.06°
19:0 0.17£0.022 0.21£0.01® 0.18£0.032 0.18+0.01%
20:0 0.45+0.01N8 0.35+0.06 0.4+0.08 0.43£0.09
Z Saturates 30.7 32.3 30.9 30.1
16:1n-7 7.34£0.11% 7.67+0.23° 7.28+0.362° 7.04£0.232
16:1n-5 0.35+0.02°¢ 0.28+0.022 0.36+0.01°¢ 0.3210.04°
17:1n-8 0.51£0.01° 0.39+0.022 0.53+0.01°¢ 0.50+0.01°
18:1n-9 20.88+0.212 25.0041.99° 21.28+0.962 21.08+1.162
18:1n-7 21.08+1.162 4.17+0.362 4.77+0.46%° 4.82+0.46°
18:1n-5 0.53+0.08"° 0.42+0.23 0.38+0.19 0.48+0.25
20:1n-9 1.61+0.26M° 1.40+0.31 1.84+0.54 1.92+0.09
20:1n-7 0.21£0.032 0.22+0.02% 0.22+0.022 0.25+0.01°
22:1n-11 1.22+0.03° 0.44+0.172 1.33£0.69° 1.28+0.17°
22:1n-9 0.25+0.01N8 0.25+0.042 0.25+0.062 0.28+0.012
22:1n-7 0.10+0.01% 0.08+0.012 0.08+0.012 0.10+0.02°
% Monoenes 375 40.3 38.3 38.1
16:4n-3 0.08+0.00¢%° 0.05£0.012 0.08+0.02¢ 0.07+0.01°
17:2n-8 0.20+0.00° 0.14£0.022 0.21+0.01° 0.19+0.01°
18:2n-6 1.65+0.08° 1.07+0.182 1.75+0.24° 1.6740.20°
18:2n-4 0.18+0.072 0.30+0.06° 0.17+0.052 0.27+0.01®
18:3n-3 1.24+0.02%¢ 0.65+0.012 1.36+0.14¢ 1.21£0.08°
18:4n-3 1.73£0.01° 1.04+0.212 1.8240.21° 1.62+0.09°
20:2NMID! 0.05+0.022 0.10£0.02¢ 0.06+0.032° 0.09+0.03%¢
20:2n-6 0.16+0.03° 0.11£0.022 0.15+0.01° 0.15+0.01°
20:3n-6 0.09+0.03" 0.08+0.01 0.08+0.00 0.08+0.01
20:4n-6 0.98+0.012 1.12+0.13° 0.99+0.06° 0.99+0.052
20:3n-3 0.13+0.05" 0.11£0.01 0.12+0.04 0.15+0.02
20:4n-3 0.54+0.01° 0.38+0.092 0.54+0.02° 0.51+0.02°
20:5n-3 6.12+0.06% 6.56+0.74° 5.68+0.262 5.91+0.50%°
22:3n-6 0.25+0.02"¢ 0.25+0.07 0.23+0.02 0.25+0.02
22:4n-6 0.20£0.092 0.28+0.03° 0.27+0.03%° 0.30+0.01°
22:5n-6 0.49+0.03° 0.42+0.032 0.49+0.01° 0.51+0.02°
22:5n-3 1.39+0.01N8 1.55+£0.17 1.40£0.25 1.44£0.11
22:6n-3 16.2810.28° 13.2+1.062 15.46+0.12° 16.43+0.98°
> Polyenes 31.8 27.4 30.9 31.8

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

statistically significant difference (P<0.05). NMID, non-methylene interrupted diene. °NS, not significant.
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Table 4. Fatty acid compositions of dripped lipid from Spanish mackerel Scomberomorus niphonius muscle by various cooking methods (wt %)

Fatty acid Frying pan Oven Microwave oven
14:0 4.23+0.19N<? 4.72+0.25 4.67+0.50
15:0 iso 0.13+0.032 0.20+0.02° 0.21£0.02°
15:0 anteiso 0.05+0.03"s 0.06+0.02 0.06+0.01
15:.0 0.40+0.072 0.56+0.03° 0.52+0.02°
16:0 20.21£0.41° 18.741.192 19.45+0.35%
17:0 iso 0.30+0.022 0.37+£0.01° 0.39+0.01¢
17:0 anteiso 0.114£0.012 0.12+0.01® 0.12+0.00°
Phytanic 0.42+0.05"s 0.39+0.01 0.43+0.10
17:.0 0.38+0.042 0.45+0.04° 0.45+0.01°
18:0 3.91£0.07° 3.29+0.0622 3.42+0.02%°
19:0 0.20£0.03"s 0.19+0.03 0.17+0.01
20:0 0.30+0.052 0.36+0.042° 0.41+0.07°
> Saturates 30.6 294 30.3
16:1n-7 7.78+0.71N 7.85+0.53 7.69+0.18
16:1n-5 0.32+0.062 0.36+0.03 0.42+0.02°
17:1n-8 0.36+0.072 0.57+0.01° 0.51£0.03
18:1n-9 23.88+0.88° 22.58+0.98% 22.38+0.312
18:1n-7 4.48+0.452 4.73+0.30%° 4.73+0.30%
18:1n-5 0.52+0.11N 0.54+0.06 0.54+0.02
20:1n-9 1.50£0.36M° 1.86+0.57 1.61£0.04
20:1n-7 0.22+0.03"s 0.22+0.02 0.22+0.02
22:1n-11 0.64+0.042 1.17+0.59%° 1.30 £0.06°
22:1n-9 0.25+0.04Ns 0.23+0.06 0.29+0.02
22:1n-7 0.08+0.012 0.08+0.012 0.08+0.012
> Monoenes 40.0 40.2 401
16:4n-3 0.05+0.012 0.07+0.032° 0.08+0.01°
17:2n-8 0.13+0.022 0.20+0.01° 0.19+0.01°
18:2n-6 1.34+0.152 1.79£0.22° 1.56+0.162°
18:2n-4 0.21£0.05% 0.24+0.07° 0.14+0.012
18:3n-3 0.77+0.22"s 1.16+0.50 1.20+0.0%
18:4n-3 1.12+0.262 1.90+0.21° 1.70£0.06°
20:2NMID' 0.08+0.02° 0.04+0.012 0.04+0.002
20:2n-6 0.11£0.022 0.14+0.01® 0.13+0.00%°
20:3n-6 0.09+0.03"s 0.08+0.00 0.07+0.01
20:4n-6 1.05+0.04° 0.99+0.012® 0.93+0.072
20:3n-3 0.10+0.032 0.15£0.04° 0.08+0.012
20:4n-3 0.38+0.082 0.56+0.01° 0.5210.01°
20:5n-3 6.53+0.25MN8 5.94+0.11 6.18+0.66
22:3n-6 0.24+0.05"s 0.24+0.02 0.26+0.02
22:4n-6 0.22+0.06NS 0.36+0.11 0.35+0.12
22:5n-6 0.45+0.06M8 0.44+0.02 0.47+0.06
22:6n-3 1.54+0.12N 1.43+0.21 14.25+0.44
22:6n-3 14.98+0.69NS 14.65+0.64 14.25+0.44
> Polyenes 29.4 30.4 29.6

Data are expressed as mean+SD of four determinations(twoxtwo determinations), and different superscript letters indicate
statistically significant difference (P<0.05). WMID, non-methylene interrupted diene. ?NS, not significant.
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Table 3 & 4o YERH I, 4252 B AlRoflA] 244
7} =8 ZHRARS 18:1n-9, 16:0, 22:6n-3, 16:1n-7, 20:5n-3,
14:0, 18:1n-7, 18:0 50|}, o]& & 2487} 5% 0|4kl 5
7Ho] ZHFAY[18:1n-9, 16:0, 22:6n-3 (DHA), 16:1n-7, 20:5n-
3 (EPA)] o] AA|&, frying pan A|&, oven A]& % micro-
wave oven A| 2o A 212+ 70.2%, 73.5%, 69.0% 2 69.8%=
FAFARAIR] 2] 2/3 o] S 77 e gl DHA 2/40H]
= A Ro|A 16.3%ZA] oven A|&(15.5%) X microwave
oven A|2(16.4%) = FAFRTHA S L frying pan Al =2 oA &=
13.2% & Yo oA em 2Au|7F 7H wol ejHi
of whet Zpo] 7} QIATHP<0.05). EPA 9] 7-9-=oven A| =]
Al 5.68%= 71 oral thE RO A= 5.91-6.57%=
ol glo] frAket 2/4HE UERHIEE, S Jeong et al.
(1998b)o] B argt k2|59 AHAE 244S HH FQ A4
02 18:1n-97} 18.1%, 16:00] 20.3%= XA 2] 38.4%E A}
2819131, DHA7} 18.3%, EPA7} 6.88%, 16:1n-70] 9.83%
22 A Aupehs A Zolzk lsiek, old gt Aol A
SS9k ke o] oFRpo] Aol A ARG A= O] A7) 9 A
S, AR ol W2 Apo] fiz o= A7 E3t IF
H APk elE 2ol wheh Bl ashH monoenes W
saturates 24 H| = frying pan A| 2ol A Z+2F40.3% 9 32.3%
A T2 A 8(37.5-38.1%, 30.1-30.9%)0] H]a}e] R} 3=
ttt. o]2h= HF 2 polyenes &/dH]:= frying pan A] & o] 4]
27.4%= 714 oAl thE E Al 2o A= 30.9-31.8%= #
of AR 28 LR QIch, webA] frying pan AR 7} ChE
A 220] Bl8le] polyencs %447} oF 3% W] o] DHA
Z/gu]7} o2 Almo] Blste] W] g o & Helth, & Table
304 B n}o} 2] DHAS] 248]7} frying pan A] 2ol 4
13.2%2 A th2 A1 5(15.5-16.4%)0] v]d}o] 2F 3%7} Ektt.

Ze| o] et AASo 2 e FEH - At =
A& AR A (Table 4)%= AFA[52] AAF 249} A
SFATE, AAS AL IR 2 RE AlRA F2 A
AF2 18:1n-9, 16:0, 22:6n-3, 16:1n-7, 20:5n-3, 14:0, 18:1n-
7, 18:0 Solgon] 2RI A% A% Foo Safet
Ak, E3F BE A]Ro|A] monoenes ZA1H|(40.0-40.3%)7}
saturates (29.4-30.6%) % polyenes (29.4-30.4%) ZAJH]
Hoh =k, 22 2o mE SRS Ak
dHl= ALl Aozt gl e, thit oven Al&olA 16:0 %
18:0 2/dn]7} th& Al&=of v|ste] oAt fo)H o2 uF
QFth(P<0.05). H3F microwave oven A]&of| A= 18:1n-92]
£/48|7} frying pan Al&ETh, Z12]3l frying pan A]&oA]
18:1n-79] Z4JH|7} microwave oven A|&H T} Z}ZF u]gko]
At Golz o 2 ¢ WUt P<0.05). 3HH DHA2} EPA %A
Hl = s ARl A oA UehliA] ¢hat skl o, &+
S5 A EE Aot DHA 2 EPA 9] frying pan A|
27} oven Y microwave oven A|&=9] H|3}o] oF 2ulL} WA
Hot, webA o] dib= fEAES SAA AR 715 fry-

re

oy
ro,

in
ox
T
of

ing pan 22|95 o] oven 2 microwave oven Z 2|5 of| H]
5ko] DHA, EPA 5 n-3 #3bate] 4ko] ghrh ojuj7}
of, webA el whE RS EAE Y A 2
JHIE T B o]& 2 Eol A oven 2 microwave
oven Z2|HHo] frying pan 229 Xt} DHA+EPAZA
HI7F el A AT E Ao] 75/ Aiiks 2| dieh Eol
AT 4 ok DA v zelyolela AzkEc, B
Park et al. (2010)-> 877 A3 GFAALG0] 55 F-2fo]
B ol BEY, BEY oz zelste] APARAS B
45151S 1 EPA, DHA®] 241|171 4-5:0] 499} 7 2] 2}o]
7} §lQlcka B asleic), ESE Gladyshev et al. (2007)2 =
EolitFofot Al Efopit Fof, TLejal Hojet it 5 45
of52e] 28-& Fo|ALt afutaly) 7| BolA] B7) Fo] EPALH
DHA o] Hals gitt, 1 A3} 2904k FololA]
L= 9170 A10] EPAS} DHA BHo] 4e hasl ot th &
£ sleize] ARAE A5 590k 2fol7} gleirkn B
staith. 23y Park et al. (2010) 2 Gladyshev et al. (2007)
o] Aol A= FEA Aol gt AA=7F A =] 2] ghot i At
Ajol vl 47} glaict,

Z oot =2

e tlol Tk 41A]8.9] % obulieAl £4& Table Sof 1h
BRI, Zeol] uhe A8 AlROIA % 1752 ofn)
weato] SAEon AR F obuliil Feke 14919
mg/100 g, frying pan A& 15,403 mg/100 g, oven A|&
14,658 mg/100 g W microwave oven A &+ 16,940 mg/100
go 2 ze|Riol meh kol & UEtiglek, A=) 5
9 olm] AR glutamic acid, aspartic acid, lysine, leucine 2
arginine (45.49-45.82%) 0.2 0|5 59| oju]w-Ato] A of
1]ieAke] OF 50%E AFASHltE, E3F ofw] k4l - histidine
go] 2ol T2 $-212el 2ol S e S B T of
wlAbe Gol4el 2ol b glol o] w2 of
1Ak W3k A gl Ao g EIEQlrt, Shim et al.
(1994) ] @i7o] OJs}l 41710k & A §oi5ral o] A
S} B A8-2] 79 glutamic acid, aspartic acid, leucine,
lysine, valineo| 3520 & theF shq-5 ofu|i-Ato]a; Bl
shoh. o oz ALK\ 2} §ARE obu]At 2418 ek 9l 2
elu A &5 7hERtol whe} ofw]ieAbo] sl A RFol )l
LT} 848 Phsis Zo| Ztks ATke & el
Aol Aol 2 et} oo} 2L Aol Aol 15
of, B 59 A= A = Az @ Az ol
HZ o2 AZHETE AR5 ol ieal 240 9] EAA (Essential
Amino Acid)/NEAA (Nonessential Amino Acid) H]-&2 Aj
A&, frying pan A&, oven A|&, 4 microwave oven A&
ol A ZHzF 0.83, 0.82, 0.83, 0.830] It} waba] A= tryp-
tophan&: A|2J3 E B4 ofuiibo] A8 4 well-
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Table 5. Total amino acid compositions of Spanish mackerel Scomberomorus niphonius muscle by various cooking methods

. . Raw Frying pan Oven Microwave oven
Amino acids
mg/100 g % mg/100 g mg/100 g % mg/100 g %
Asparticacid ~ 1369+0.31  9.18+0.08  1408+0.95 9.14£0.02  1336+0.64  9.11+0.04  1536+1.08  9.07+0.02
Threonine 799+0.21  5.36+0.03 824+0.64 5.35+0.05 785+0.32  5.36+0.01 900+0.62  5.31%0.01
Serine 721017  4.83+0.04 739+0.49 4.80+0.01 704+0.26  4.80+0.03 809+0.55 4.78+0.00
Glutamicacid 2031+0.51 2031+0.51  2078+1.23  13.5%0.14 1956+0.92 13.3x0.06  2261+1.36  13.4£0.10
Proline 662+0.22 4.44+0.00 717114 4.62+0.42 686+0.02  4.69+0.19 819+0.43  4.84+0.07
Glycine 745+0.99  4.99+0.50 7461+0.28 4.85x0.16 713+0.26  4.86+0.03 8191+0.44  4.8410.07
Alanine 881£0.51 5.90+0.16 899+0.52 5.84+0.07 848+0.35  5.79+0.01 981+0.59  5.79+0.04
Cystine 100+0.14  0.67+0.07 107017  0.70+£0.16 98+£0.08  0.67+0.02 103+0.14  0.61x0.04
Valine 773£0.14  518+0.07 798+0.39  5.18+0.11 760+£0.47  5.18+0.10 870+0.71 5.13+0.07
Methionine 648+0.67  4.34+0.31 625+0.52  4.06+0.06 591+0.20  4.03%0.03 689+0.49  689+0.49
Isoleucine 802+0.08 5.38+0.12 836+0.66 5.43+0.05 794+0.43  5.41+0.06 914+0.69  5.40+0.04
Leucine 1089+0.17  7.30+0.12  1109+0.39 7.21£0.25 1059+0.66  7.22+0.14 1209+0.89  7.1440.04
Tyrosine 627+0.22 4.21+0.28 684+0.68 4.43+0.14 638+0.18  4.35+0.07 752+0.49 4.44+0.01
Phenylalanine 717+0.08  4.81+0.10 749+0.62 4.86x0.07 749+0.27 5.11+0.04 845+0.88 4.98+0.18
Histidine 606+0.10° 4.06+0.06 648+0.66%° 4.20+0.14 623+0.34%  4.25+0.05 742+0.48° 4.38 £0.02
Lysine 1321£019 8.86+x0.15  1353+0.91 8.79+0.02  1302+0.62  8.88+0.04  1496+1.09 8.83+0.04
Arginine 1028+0.47 6.89+0.10 1083+0.78 7.03+0.02  1016+0.28  6.93x0.11  1195+0.54  7.06+0.16
Total 14919 100.0 15403 100.0 14658 100.0 16940 100.0
Different superscript letters indicate statistically significant difference (P<0.05).
balanced obu] Al 2448 714 A0 2 st 71 0.2 oA,
njEg 1A FollA= E(Fe), AEE(Se) B oFd(Zn)o]
Dy|R 9 =34 B2 S5 Fes % 100 g F BAIRA 1.94 mgo= 714
L, e AlRolA = 1.15-1.40 mg RS2 ZdAfef Blst
Zejo] mhE A0 FU1d 9 S5 e AR o] m|eFo] 2 gt 50 A 0 & vro} Ze|ub o] i} uln|§t 2}o]

A3}= Table 63} 2}, 5% o 7714 (Ca, K, Mg, P, Na)
42| vl F17]14(Fe, Cu, Zn, Se), 718 1L F+<4(Pb, Cd)
e A2 A B AlRA 5F9] v F7]E o]
HAEE e ZE(K) > A(P) > HEE(Na) > vh1d(Mg)
> Z4(Ca) o2 7718 o] oheo] =q0Th, AFAlS AAIRS
79 5100 g 5 K 404.5 mg, P 219.5 mg, Na 68.6 mg, Mg
30.3 mg, Ca 15.6 mgo] THE/0] U3 0|5 % e 7h
422 3 Qo] F7loeln, ol AR Go RN SR
2] kol uh2 57 Askee] A4 £} w02 A7t
o}, E3] frying pan A|Z+ | 100g T K 508.3 mg, P 280.0
mg, Na 75.8 mg, Mg 37.4 mg, Ca 16.6 mg ©.& T}= A|Fo]
ula) o5 5% R7]2e] go] eJx 02 wgkrk(P<0.05).
Qb= ASHA ol 53F9] 7] (Mok et al., 2008)5 A7t
Aol ofstd P7F 7HAE 100 g F+t 207.4 mg o= 7H
ol a-Eo 1ar, o222 K 169.7 mg, Na 101.6 mg,
Ca44.4mg, Mg 30.4 mg <=o]Qlthal B slo] Akx] o] 7] %]
TS AR 018 10l T Lo} ol 53% o] -8 o}
W FHS) S A ol RS R BAslel B A

= vehlgie), 3 Mok et al. (2008)& 53% ojF & &
2(16.0 pg/g), 7ht2l(13.30 ng/g), F1(12.10 pg/g) 2|
(11.60 pg/g) 11°5°1(11.30 pg/g) O 2 FedtaFol w3tor
84 G o] 71T} Aol Fol4] Ferl o ol BHp¥lo] itk
T RIS B el d AS AR A9 Ferl 19.4
ng/g (1.94 mg/100 g 4)& el o] Mok et al. (2008)2] &
AEH e e Zlon e o] upef o SR
A& st 2te Fe o] & ofF o2 SjIEqlr}, Se
& AQAA o] v]wk EAjTh= A4 T shuhE 22 A EaA A
g of, E4bs Y, W7ol Tojste dAqtso] o] FolA &
Aol Hagt njFdaz ol vt A QIAskL It Choi
and Hesketh, 2006) . 3F2+212] Se A 37|52 oy W Ao
w2} t}2m(Korean nutrition society, 2010) 315 A¢19] 7
S5, o4 B 45-55 pgolm At A R 400 pg ot
AR 9] Rk of wE Se EHF2- 0.03-0.04 mg/100 g 52
B WHE ARA o)Al Wk UrehA] ebglth, 2L
Zno| Z$oli= A (015 mg/100 )OI Tt AZE T o}
A RoAE AEER Qo 25 B8 A7} B asihn 47}
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Table 6. Mineral and heavy metal contents of Spanish mackerel Scomberomorus niphonius muscle by various cooking methods

(mg/100 g)
Raw Frying pan Oven Microwave oven

Calcium (Ca) 15.56+0.11° 16.62+0.22° 9.86+0.232 9.66+0.032
Potassium (K) 404.514£5.262 508.33+3.98¢ 482.65+6.11¢ 470.99+4.77°
Magnesium (Mg) 30.34+0.152 37.42+0.48¢ 35.88+0.67° 35.08+0.09°
Phosphorous (P) 219.5041.012 280.24+3.12¢ 261.61+2.25°¢ 256.80+1.52°
Sodium (Na) 68.58+0.282 75.81+0.50° 70.32+0.42° 68.07+0.312
Iron (Fe) 1.94+0.03¢ 1.40£0.02¢ 1.15+0.022 1.3310.02°
Copper (Cu) ND' ND ND ND
Selenium (Se) 0.03+0.10Ms? 0.04+0.15 0.03+0.10 0.03+0.18
Zinc (Zn) 0.15+0.01 ND ND ND
Cadmium (Cd) ND ND ND ND

Lead (Pb) ND ND ND ND

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

statistically significant difference (P<0.05). ND, not detected. 2NS, not significant.

dr}. Eg RE AR H H(Pb), FEB(CA) 59| 540
A2 A gpo} Aol AHEE A ol F o] 3]
Qe e QPR ofFekn AZolet, S BH Sloky
o170 F4 FS LA AIMok et al., 2009)°] w2
% Pb W Cdo] HEAE 217 0.038 pgg % 0.017 pglg©
2 9elue} 2lo] of 52 Fa) AU HAsH: Pb 1 Cd
o] gHape ohAat foleka Bshel
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