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Comparative Analysis of Proximate Compositions and
Lipid Component in Cultured and Wild Mackerel
Scomber japonicus Muscles

Soo-Kyung Moon, Seok Nam Hong', In-Soo Kim and
Bo-Young Jeong
Dept. of Food and Nutrition/Institute of Marine Industry,

Gyejongsang National University, Jinju 660-701, Korea
Insung Marine Products, Seoul 140-887, Korea

Proximate compositions and fatty acid profiles of cultured and wild mackerel (Scomber japonicus) muscles
were compared. Protein content ranged from approximately 16% to 18% and was higher in wild fish than
in cultured ones. Lipid content was between two to four times higher in large and small cultured fish
{20.1-20.5%) compared with same sized wild fish. The prominent non-polar lipid (NL) class in fish muscles
was triglyceride, and additionally, free sterol was among the prominent NL classes in wild fish muscles.
Prominent phospholipid (PL) classes in cultured and wild fish muscles were phosphatidylethanolamine and
phosphatidylcholine, with the former being higher in cultured fish and the latter higher in wild fish. Prominent
fatty acids of total lipid were 16:0, 18:1n-9, 22:6n-3 (docosahexaenoic acid, DHA), 20:5n-3 (eicosapentaenoic
acid, EPA), 16:1n-7, 18:0 and 14:0, while 18:2n-6 was among the prominent fatty acids in cultured fish.
The n-3 polyunsaturated fatty acids (PUFA, DHA+EPA) content (in mg/100 g of muscle tissue) was higher
in cultured fish (2,711 mg in large fish and 2,572 mg in small fish) than in wild fish (2,431 mg in large
fish and 1,398 mg in small fish). In conclusion, we have been able to demonstrate that cultured mackerel
could also be a good sources of n-3 PUFA, such as DHA and EPA,
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acid, 22:6n-3), EPA (eicosapentaenoic acid, 20:5n-3) 5 2.9 7}
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Table 1. Biological profile of cultured and wild mackerel

Total Body Body Edible
length (cm) length (cm) weight (g) portion (%)

Scale

Cultured Large (n=4) 35.4+1.4 32.0:2.7 539:68.9  53.9
Small (n=4) 31.4%1.3 282420 390£36.3 522

Wild Large (n=4) 35.7£0.4 32.3£0.3 569t51.4 521
Small (n=4) 32.1+0.6 28.9+0.5 358%5.3 50.9

Yol 9 oIX|Z ER A

YWHT F FRIFE A 1A, B APFS
Semimicro Kjieldah'd, 3332 233 o2 X3
om, A& (total lipid, TL) ¥4 Bligh$} Dyer (1959)&] W
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o oale] AL &5y FPPoT =43P} TL =
A E (phospholipid, PL) &2 Bartlett (1959)2] ¥l ¢
8 gaFatda, ul=Z4AA (non-polar lipid, NLy TL3} PL2
gEzto| 2 AtsiA T

K&l class & X4t ZHEM

TL % NL 2 PL class 324J2 (Jeong et al., 1990)2] HF o
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Methanol €& ©]-&3ld ZA3H T} (AOCS, 1998). TLY
A 2732 Omegawax 320 fused silica capillary column
(30 mx0.32 mmx0.25 «m film thickness, Supelco, Inc. Bellefonte,
USA)& 28 GC (Shimadzu 17A, Shimadzu Seisakusho, Co,
Ltd. Kyoto, Japan)ZA] 43t Hth Al2 U7 (injector) &
FI (flame ionizatiori) 7& 7] (detector) &= 250CE 3t L
™, AHEQE (column oven) S5+ 180T ol A %7+ A3k
F3Cmin2 2 230C7HA] S2A17 thg 1583t frAlahict
Carrier gasv He (1.0 kg/em2)& ARS8}, split rate= 1:500.2
S 248 AR AR A4 FUT ZH04 £
A%t EFF (Sigma Chemical Co., St Louis, USA)2] Ui 554
ZF (retention time)¥} H] &)< -':6—7*3 &k, FFEF0] fle A
shel 9= 324 (Ackman, 1986; Moon et al., 2005)] ECL
(equivalent chain length)®} ¥l 3}e] FASHTH WY EFE
O 2F methyl tricosanoate (99%; Aldrich Chem. Co.,
Milwaukee, USA)S AR&3}% T}

SEAEN

T2 dolzl A5+ SPSS (Statistical package for the
social sciences, version 10.0, SPSS Inc., Chicago, IL)E ©]-&3}
of Pz FFAAE FIIen, FAAAA (P<0.05)2
One-way ANOVA % Duncan's multiple range testol] 2]} 21A]
A=

= =
R 4o Hi
AU % ALY D5oIEg DR 24 Tk

%%t d}?ﬂo] 64. 8%, 2¥o 683%3/\1
o] freldtAl =AUt (P<0.05). LFATHL Zlé!?é}%*él— %4
*MWE 20.1-20.5%, & A2t A 5.69-10.9% = ¥4 2to]

Aol HISte] ok 248} =dT) 3 ALk H7o) whE
V‘ﬂﬁ zpol7b A8 gl o), AdAske tigo] 28ny
oF 24k A A slako) =9tk {(P<0.05). 33 hul A shak o
A A 15.7-16.3%, HAA M 17.7-183% 5 FdAto]
A bl HlEled oF7F O mghou} (P<0.05), Ao wE

o

3
Aol 7o) Atk

Table 2. Prox1mate composition of cultured and wild mackerel
muscle (wt %).' 'Data are expressed as meantSD of four
deyerminations (two groups x two determinations) and
different superscript letters indicate statistically significant
difference (P<0.05).

Scale Moisture Protein Lipid Ash

Cultured lLarge 55.121.3° 16.320.1°  20.5:0.2° 1.1x0.0

Small 55.3:0.8°  15.7x0.4° 20.1+1.1* 1.120.1
Wild  Large 64.8+0.1°  17.7¢+0.5° 10.9+0.8° 1.2+0.
Small 68.3£0.6°  18.3x0.5° 5.69:0.6° 1.3:0.1




gt o2 ofF 259 YU ERAL ofA 29, =7,
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(Jeong et al, 1998bc). ¥ AT A M% FEgafa} 22
FHE y=-1.0774x+79.884 (R’=0.993)24] &4 o] Hugd
A JERT o]H3 @48 2 X0 2§ 4
49 o F4 (oil droplets)®] Fe]Z ZA)3}aL (Shindo et
al, 1986), o1& #&o] THAFE (interstitial water)Z} ThH) = 7]
el 2a FRgdo] 2adA g e 25 5 ua
e Aol wslela] ¥ wjiel| SRk A Aga Ao
o] I4#AHAT 1S B Atk (Ackman, 1989).
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el AHE mFole sdtolglan, B dAFdMe 3¢
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2 ol ZAE Sf0l0] B8 BEYo] g o3l w

AE o] Badt olUAE AAE] Yste] 25 Fol A4
& o FHeln =9 HAY F oF L2 Wi
Ao Btk £3] 15olE 5Y, 8¢, 1Y, 2¢€4] AFHsH
AREFE 4T 4% 59T 89 oF 16.6%=E A LTFo]

S AR, 1190 13.2%, 28 10.0%32A 11¥
28T (Jeong et al, 1998¢c). Wt B Aol A
sk mFole] Aol vlud e AL AW

o] Yo HHA 7] 3¥) YFog Holr)

S

K& cass =4 H|u

kol g Ad4 5089 A A classE Table 39
ERA ST A4 5259 NL §EE 19.8-194 ¢/100
g %, PL $HFL 0.75-0.71 ¢/100 g T80|Q1 3, TL F NL,
PLO TAHIE &2t 96.3-96.5% H 3.54-3.73% Tk A ALt
ol NL §%& 483-921 ¢/100 ¢ 29, PL FF2

Table 3. Lipid class composition of cultured and wild
mackerel muscle (wt %)1. 'Data are expressed as mean+SD
of four deyerminations (two groups x two determinations)
and different superscript letters indicate statistically signi-
ficant difference (P<0.05) *TL, total lipid; NL, neutral lipid;
PL, phospholipid; DG, diglyceride; FS, free sterol; FFA, free
fatty acid; TG, triglyceride; SPM, sphingomyelin; PC, phosp-
hatidylcholine; PS, phosphatidtylserine; PE, phosphatid-
ylethanolamine. *ND, not detected. *contained DG.

Lipid® Cultured Wild

Large Small Large Small
TL {g/100 g muscie) 20.5 20.1 10.9 5.69
NL (¢/100 g muscle) 19.840.03 1943001  9.21:0.05 4.83:0.08
PL {91100 g muscle) 075:0.03 0.71:0.01  1.72:005 0.86:0.08
NL class (% of NL content)
DG ND? ND 1.49+0.32
FS 321:062 2391053  458:0.94 10.5:2.144
FFA ND ND 0.87+0.39  2.0410.41
TG 96.840.62° 9764053  93.1:162° 87.4+247°
PL class (% of PL content)
SPM 0.96:0.28° 225:062°  8.05:3.03° 56740.72°
PC 30.066.10° 35.0£0.38°  515:2.82° 457:2.40°
PS 18.3£342° 17.9:5.74°  11.2¢1.34° 10.0£1.29°
PE 517:2.00° 4713058  203:4.06° 38.6:2.03°

0.86-1.72 g/100 g 5| 2™, TL F NLO} F 84.3-85.0%,
PLO] OF 15.0-15.7% % 27 AA st 9o} wehA NL g3
GAak Fojol A O E9hy, PL FEe HAM 15 oA
o =3tk

5T EY NL class= W4 2FolA] free sterol (FS)3}
rriglyceride (TG)7} HEH AL ©] & TG7} oF BUEA fES
24284tk v A HAEe] 9= FS, TG 9ol diglyceride
(DG)9} firee fatty acid (FFAY} AEE 3L, Fa4ke) H$-9f
b7 E TG (87.4-93.1%)7F FAAE| oL} FS (4.58-
10.5%)7F A5# sl Ak 4 252K PL
class= phosphatidylcholine (PC), phosphatidylethanolamine
(PE), phosphatidylserine (PS), sphingomyelin 5°] #H&H .2
o, ol& F PC ¥ PES] ZAJH|7} QF2ak 2 HALE B Fola
80% ©1-& AT YAt SLF T F F2 PL class
ZANE PEZ} 47.1-51.7%2 7P =43, tgoE pC
(30.0-35.0%), PS (17.9-18.3%) =02 &gtk T2t} HAM
a5ole] ALE pc 2AHIT} 457-51.5%2 7H B%3, o
-9 F PE (29.3-38.6%), PS (10.0-11.2%) <22 =3t A%k
HOZ oF2H9 PL classw PC A7 7H3 =3, 2

S0 2 PE ZANIL & Aoz 4EA Ut} (Takama et
al., 1999; Jeong et al., 2000). SFA|9F B Ao A HA4Y
PL class 24 ANHAQ) B3k} FAatsh, Felite] Hee
Zpo] 7} AU, oleld Adte P 1ol Al x4 T
ol gls AR AztEh, B A7) HEFEA o] it
g A agoie] AFBHAQ) ARE AT Aol7] |
o) FAak arFole] ALRA R £ A Fotr) EI O
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3} olgliz ob7HA] Fol % & §17) Wl olo] mE wlag
Hol o},
X|grAbz M| B

H

FA B AN 1F 3%94 TL A28 Table
4o HERHSIT. FAF BT A Fo At 16:0, 18:1n9,
22:6-3 (DHA), 20:5n-3 (EPA), 16:1n-7, 18:0 SO T, 14:0,
]8:1n-7-°»] ZHH}I: A}Dl-gl lngl-;], O]E 74._9,_ ;(]H]—A].O 35%
9] ofo]& =4t o] F (Sigurgisladottir and Plamadottir, 1993),
11%9) 354+ o] F (Belling et al., 1997), 72%9] 24} o] &
(Jeong et al, 1998a)S] 79-91% frAlsliT) HEFF kA4 315

THANME 1820671 FoAAEY shuE Ao,
o= ¥44k 20 (Jeong et al, 2000), T10] (Yoon et al., 2006),
o] (Megdal et al, 2009) Sl = FAH A4S Vel
=3

AR ZEHE v, Gk 5ol 2S
© monoenes £=/3Hl (37.9-39.3%)7} 7HE =9k S
saturates Z=43H] (33.3-35.2%)7F &k ™ polyenes° Z
(26.7-272%)7F 7V wgket), o) 1‘41'5‘* 2 428 3159
oA FLE AaFeldrt HH AN nH)T 8 HYolE
G4 22 saturates Z243H] (36.8-39. 5%)7} 7V =8k,

=2 2 monoenes A8 (31.8-33.4%)7F E 21 polyenes
o] 2434 (28.7-29.6%)= ¥t A9 AuaE F
7H Sk w3 t o], AFo] BReA 2 S v
Witk A 25012394 monoenes?] FAJH7F M At
9] g0l Hsle] tThAh E=tE o= 18:1n-99) FAH| 7}
Aol A oF 2:5% © E9E7] WEOZ BT (P<0.05).

okAIA} B AL P&

oA

M ox |o
Ir 40 =

ok

[olba |

TH AAL 11501 250 A saturates 9 polyenes?] ZA3H]7}
FAd vlste] A oF 146%, FAE o 1-3% o ESch
AL 1F5oIEKAA saturates TRV} L AL F2

16:0, 18:09] ZA8|7} Jgke u]i] Ao Holy, polyenes
Z/3v]e] HS-= DHASF EPAY & ZA|7} 7|8l o=
®lr}, °'HJ 42i PUFAE PL«] ngOl FE 440 (lean
fishyoll A F-5-8k vbA o= (fat fishy= NL, 3] TG Bl &
o] o} ii}ll *& 2 A EX A S o] gidte

73] ATk (Fogerty et al, 1986). ¥ 723} HAA 1%50]

=594 DHA, EPA 5 n-3 52X 3}A4M} (polyunsarurated
fatty acid, PUFA)®] 248]7} 352 A% TL 3 PLY ZAJH]
(ALY 15.0-15.7%, F2)4t 3.5-3.7%)7F EaL, NLY ZA43H)
(A%} 84.3-85.0%, FAAF 96.3-96.5%)7F 27) WjEo 2 A
ZVEC} (Table 3). T3 15019] A 7|0 uhg} x]dal 2401 E
vk, F2lake] -9 EPA, DHA, 14:0 59 2487} o3
oA A FaFAT FsA F& whdE 18:1n-9, 18:2n-69)
ZAHIE AFoldllM o B %2 g ApEAE Al
ZFol7b fASdeh. el HAste] 7 9+= EPA, 16:1n-7, 14:09]
Z4817F ool A ozF v =9k, 16:0, DHA, 18:0,
18:1n-99] ZAHl= ¥l Z&sA o] Edoh

$H B A A n-3 PUFAS! DHA 2 EPAS] ZAn7}
GALE SFoIE S Hlgte] HAdatell A FelEtA ol wte

Table 4. Fatty acid composition of total lipid from cultured
and wild mackerel muscle (wt %)."'Data are expressed as
meantSD of four deyerminations (two groups x two
determinations) and different superscript letters indicate

statisyically ~significant difference (P<0.05). °ND, not
detected.
Fatty acid Cultured Wild

Large Small Large Small
14:0 519£0.12° 4.50+0.09° 4.97:0.16° 4.18£0.08°
15:0 iso 0.15+0.01 0.13:0.02  0.16£0.01  0.14+0.01
15:0 0.46:0.03 047+0.02  0.75(0.03  1.05£0.03
16:0 is0 0.08+0.01 0.05:0.03  0.05:0.01  0.060.01
16:0 22.6+1.86° 21.9:0.30° 23.0:0.43° 25240 40°
17:0 iso 027:0.02 0.19:0.04  0.25:0.02 0.28+0.01
17:0 anteiso 0.12+0.03 0.07¢0.02  0.06:0.01 0.03+0.01
Pytamic 0.57:0.03 083:0.04  1.11£0.06 1.25:0.07
17:0 047+0.05 0.43:0.05  0.79£0.04  0.83+0.01
18:0 iso 0.13:0.01 0.08:0.04  0.10£0.02  0.110.01
18:0 463:0.52° 4.46£0.04° 5.1810.12° 6.04£0.04°
20:0 0.23:0.04 0.18:0.03  0.22+0.04 = 0.170.01
22:0 0.11£0.03 0.11:0.01  0.13t0.01 0.11£0.00
24:0 0.13:0.01 0.09t0.05  0.01:0.03 ND2
>Saturates 35.2 333 36.8 395
16:1n-7 6.09:0.25° 5.88£0.10°  5.8840.05° 5.16+0.07°
16:1n-5 0.18+0.01 0.1210.03  0.08:0.01  0.05+0.01
17:1n-8 052+0.04 048:0.04  0.83:0.04 0.44+0.01
18:1n-9 20.7+0.54° 2324019  18.320.25° 19.0£0.17°
18:1n-7 3.83:0.16° 3.74+0.08° 3.2640.12° 3.35:0.03°
18:1n-5 0.20£0.01 0.11:0.04  0.05:0.02  0.03:0.01
20:1n-11 1.23t0.05 1.17:002 ND ND
20:1n-9 2.11£0.07° 2.02+0.04°  2.30£0.12° 2.06£0.06°
20:1n-7 021:0.01 0.21£0.02  0.23t0.04  0.32:0.01
22:1n-11 1.810.15° 1.36+0.08°  1.37+0.10° 0.38%0.04°
22:1n-9 0.52:0.03 046:0.03  050:0.03  0.600.01
24:1n-9 056+0.06 0.52:0.02  0.59:0.03  0.46+0.01
>Monoenes 379 39.3 334 318
18:2n-6 55540.25" 7.13+0.02°  0.94:023° 0.8+017°
18:2n-4 0.1420.01 0.10:0.04  0.13:0.03  0.080.01
18:3n-3 0.91:0.05 1.03:0.05 0.51+003 0.50+0.02
18:4n-3 0.95¢0.05 0.76£0.05  0.980.03  0.760.01
20:2NMID 021£0.01 0.29:0.02  0.08:0.03 ND
20:2n-6 019:0.01 0.21:0.02  0.13:0.03  0.1420.01
20:3n-6 0.09+0.01 0.11£0.03  0.07£0.02  0.0410.01
20:4n-6 0.64+0.03 0.72:0.02  1.90+0068 2.21+0.03
20:3n-3 0.10£0.00 0.10:0.02  0.11:0.03  0.13:0.02
20:4n-3 047:0.01 0.49:0.02 044001  0.39+0.01
20:5n-3 560+0.34° 5.02:0.08°  7.51:0.10° 6.09£0.09"
21:5n-3 0.27+0.02 0.24+0.00 0.34x0.01  0.27+0.01
22:4n-6 0.16+0.02 0.16+0.01  0.30:0.01  0.42+0.02
22:5n-6 0.43£0.04 0.31+0.03  067:0.02 0.95+0.02
22:5n-3 16240.13 1.50:0.04  1.72:0.06  15620.03
22:6n-3 0.34+0.75" 9.01:0.25°  13.74¢0.36° 14.3+0.30°

ZPolyenes 26.7 272 296 28.7

Unknown 0.24£0.02 019:0.04  0.27£0.03  0.02+0.01
EPA (mg/100 g muscle) 1,039 939 875 424
DHA (mg/100 g muscle) 1672 1632 1,556 974
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t, ©]& n-3 PUFAS] ZAHIE 5 100 g T &% (mg/100
9O & A1 (AOCS, 1998), ZAH| 9= w2 9k Akl
A n-3 PUFA @] U golrith. &, F2at 5ol Sole
DHA7Z} 1,633-1,672 mg/100 g, EPA7} 939-1,039 mg/100 g &
Hoj 9lx, HAAY 7= DHA 974-1,556 mg/100 g, EPA
424-875 mg/100 go] Zz} =] Aot uwiehr] DHA HE
EPAT AL IFoEHF R A4t o Bo] 5o
Aow, A LT A tFolr} ¥ ojo) nlsle] o Hol
grrElo] 9lth 18] n3 PUFA (DHA+EPA) SR o212t
BT TN 2,572(28)-2, 71 1(hE) mg/100 g2 HA
A+9) 782 1,398(4=%)-2431(HE) mg/100 goll Rlste] 141-1313
mg/100 golt} v BT, 53] &3 m5ojdrs F2late]
A viste] of 2w} o] %2 n3 PUFAE T3HST

n50)8 2L AFUt A EEYE AR ELEA
A 24EE B 9 olf-E ol oF7t e nkg 2ol
ohoFE el 752 2= DHA, EPA 59 n-3 PUFAE thsk
ghratal 917] WEelth webA FZols o1& n-3 PUFATE
EArte} 22 AZAshe] o (Albert et al, 2002)°1 F¢
28 (Senzaki et al, 2001y 7FAH, g Ao o
(Johnson and Schaefer, 2006)%l| = & 22 0] 7] wEof] 2
FogNE gy ¥¥A 3 it} 1y 9 gEST
At 107 Feoldol &gt ddat o7y ANge A
I o FAA e B3] Fotste FAE e
2ATH (KOSIS, 2009; FAO, 2009). A2 Sl e okalak
I5oE At ofrbe BE AEE SUME R
(KOSIS, 2009). HA4F ol F+ Hole Ay 3% 5
e ol wjiol] FFdEoIY n3 PUFA FaFo] Al
w2} go] HE 3Tl (Jeong et al, 1998¢, Jeong et al., 1999).
2k kAt A AF AtaxdE 435 A
ZAT 4 A7) o] At viste AR HEol
A1, Yozt oA 2] YRS AT 2A LHIA WEY
AFE AT % JE AoEE AZdnh
B A3ZgeE 4t mFoldle 3
A 27 dglo]l Ao AT FUd
getact 1y ke Aee 9 5
o] oFalabe] niste] 24ufu} Rghe Bk ofyet diF ot
2gojol| usle] A L n-3 PUFA T3ko] 20} Fo}
o{H o] Zrle| gEtME AT Aol & vehliiTt T %
Aot a1FojE AR EE AuA o o]27|7A hEE
golda| = $xRbsol 843 FuE AuET ok vk
T HAdk] vigte] $48 R 2 AR
S v SR oS Wik ofue) HoldElE
A Adshy] Wil 3 Al Eolef anlyt A S0t
% A B ArATE G 2500
2 AuzlolA AT gz =29} A4k
Z7H 7tk 1E o] falakgde] oS wxste AVivt €
F AL AR FAugn], F5FH2 2= n-3 PUFA HH Y
F7Ye] 23 QIRte] AT A Z2A] 28] 2 S
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