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Studies on the Oxidative Stabilities of Mackerel Lipids

In-Soo KiM and Yeung-Ho PARrRk
Department of Food Science and Technology, National Fisheries University of Pusan,
Namgu, Pusan, 608 Korea

In order to elucidate the oxidative stabilities of mackerel lipids, lipids were extracted from
ordinary muscle, dark muscle, skin (including subcutaneous adipose tissue) and viscera, and then
stored at 30°C. The changes of lipids were examined periodically by measuring peroxide value
(POV), thiobarbituric acid (TBA), weighing method, acid value (AV) and iodine value (IV).
Fatty acid composition of lipids was analyzed by GLC. The results obtained are summerized as
follows:

The velocity of lipid oxidation during the storage was differ from the extracting part of the
sample. It was faster in skin, viscera, dark muscle and ordinary muscle in the order. Ratio of
polar lipid fractions in total lipids was ranged from 5 to 15%, and the highest result was observed
in dark muscle.

Main fatty acids of the lipids were Cig:o acid (22.0~25.9%), Cisr acid (22.3~26.7%) and
Caz:6 acid (9.6~13.4%), and Cgp:e acid content (%) was the highest in lipid from dark muscle,
and the lowest in lipid from skin. Monoenoic acid content (%) was higher in the non-polar lipid
than in the polar lipid, on the contrary, polyenoic acid content (%) was higher in the polar
lipid than in the non-polar lipid. Polyunsaturated fatty acids of the lipids, Cu:s acid and Cas
acid, decreased predominantly with oxidation during storage, while saturated acids, Cy.o acid
and Cie:, acid, increased predominantly. The polar lipid fractions were oxidized much faster than

the non-polar lipid fractions.
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BF;-CH,OH hell 9jsf fBE& methylation g}
GLC = 475t t. GLC &) S #2 Table 13}
Fon], IREFERS AL EEEBIFES retention
time #9] vl R JRESERY o1 FEA U9 retention
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hidonic acid 9 eicosapentaenoic acid 2] methyl

. ester & A8314 .

Table 1. Operating conditions for GLC
Shimadzu GC-4BPTF

Gas chromatograph

Column 3.0mX3.0mm i.d., -
glass. column
Packing 15% DEGS on 60-80

mesh Chromosorb W

Carrier gas 16 m!/min, nitrogen

Column temperature 195°C
Chart speed 5 mm/min
Injector temperature 250°C

Detector temperature FID at 250°C
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BARE2 0.4%, KRIE&RHS 71.4% Q).
Table 2. Chemical composition of raw
mackerel
Moisture (%) 71.40
Crude protein (%) 22.76
Crude fat (%) 3.42
Crude ash (%) 1.78
VBN (mg/100 g) 17.00
pH 5.35
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Lipid contents of the various
tissues of mackdrel (9%, wet basis)

Total Polar
lipids lipids
Ordinary muscle 3.54 3.16(89.25) 0.38(10.75)
Dark muscle 9.96 8.42(84.54) 1.54(15.46)

Non-polar

Tissue lipids

Skin 31.58 29.89(94.65) 1.69 (5.35)
Viscera 5.94 5.37(90.43) 0.57 (9.57)
Total 8.57 7.55(88.08) 1.02(11.94)

Table 4. Chemical properties of the lipids
extracted from various tissues of

mackerel

Acid Jodine Peroxide TBA
Extracted part value value value value
Ordinary muscle 7.3 117.2 4.2 4.3
Dark muscle 10.6 125.6 7.6 7.3
Skin* 7.1 107.1 14. 8 8.2
Viscera 42,3 121. 4 10.1 14.8
Total lipid 11.7 123.2 9.2 7.8

*: Includirg subcutaneous adipose tissue
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Changes in POV of the lipids extracted
from various tissues of mackerel during
storage at 30°C

: Lipid from ordinary muscle

: Lipid from dark muscle

: Lipid from skin{including subcutaneous
fats)

: Lipid from viscera
: Total lipid
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Changes in TBA value of the lipids
extracted from various tissues of mack~
erel during storage at 30°C
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Fig. 3. Weight increasing of the lipids extracted

from various tissues of mackerel during
storage at 30°C

: Lipid from ordinary muscle
: Lipid from dark muscle
: Lipid from skin (including subcutaneous

ats)

: Lipid from viscera
: Total lipid
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Fig. 4. Changes in AV of the lipids extracted
from various tissues of mackerel during
storage at 30°C

: Lipid from ordinary muscle

: Lipid from dark muscle

: Lipid from skin (including subcutaneous
fats)

: Lipid from viscera

: Total lipid
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Table 5. Fatty acid composition of the lipids
extracted from various tissues of

mackerel (%)
1 >§ F Ordinary Dark :
atty rdinary Dar . .
\ \B acid musecle ~ muscle Skin* Viscera Total
10p \\. 14:0 461 4.8 68 591 591
K.
\ U\ 16:0 22,30 21.98 23.95 25.86 23.48
100+ \ n 16:1 8.64 557 569 4.44 5.05
> S~ \ 16:2 128 119 151 196 179
~ \\ n 18:0 568 9.98 5.64 836 6.2
r x. N\ ¢ 18:1 26,12 22.81 26.67 22.26 22.42
\ \ 18:2 113 136 1.36 170 1.45
80r X -} 18:3 0.62 0.59 0.58 0.51 0.94
\ %i1) 371 L9 411 2.8 316
70,':L 20:4 2.18  3.65 2.01 3.97 2.73
L - . > L 20:5 8.22 9.82 9.10 8.89 8.29
0 10 x X Y X 22:1 1.39 0.14 1.20 0,19 0.91
Stored  days 22:5 1.82 271 177 0.68 4.70
Fig. 5. Changes in IV of the lipids extracted 22:6 12.35 13.40  9.57 12.43 12.95
from various tissues of mackerel during Saturate  32.59 36.81 36.43 40.13 35.61
storage at 30°C Monoene 36.15 28.52 33.56 26.89 28.38
O: Lipid from ordinary muscle Polyene 27.55 32.72 25.90 30.14 32.85
0O L.ip_id from dark muscle 18:4 and 20:1 are not calculated in subtotal
X: Lipid from skin (including subcutaneous percentage.
fats) *: Including subcutaneous fats,
@®: Lipid from viscera
M: Total lipid
Table 6. Fatty acid composition of the non-
Wil & Yo s 2 Zs15} g} goxw polar lipids extracted from various
_ tissues of mackerel 9,
Be AZFLE F 39 =2F Faste g Uy (%)
. Fatty Ordinary Dark . .
Rk acid muscle muscle SKin* Viscera Total
(3) B BRARS Bt 14:0 5,68 5.92 7.65 505 6.51

16:0  23.43 23.97 24.70 23.66 24,38
= & H e 1]
B 2549 F4 4 BE FELRE 2 E 16:1  11.37  7.68 7.46  9.39  9.99

MeRRR e MR MRS Table 5, 6, 74) el g 16:2 .27 1.64 2,54 2.21 1.70

ok JEIFE MERHS 545 Cieo o] 4.61~6.84 18:0 5.06 5.57 4.35 4.89  5.27
%, Cis:o 0] 21.98~25.86%, Cis:1 JB0] 4.44~8. 18:1 25.26 25.00 26.07 25.46 23.69
18:2 .18  1.34 1.28 1.39 1.38
%, Cua: 5.64~9.989%, Cus: . 26~
62’6 OC“'(‘;&"] 124 9 9:-4 DC“:':‘ el 22.26 18:3 0.87 0.73 0.91 0.69 0.90
26.67%), Cao:s BR0] 8.22~9.829%, Copo B0} .57~ . .
%, Croio B %, Coo 0] 18:‘1‘) 3.64 3.8 4.30 550 3.23
13.40% givt. Polyene B9 u]&-2 SpzinEfo] 25. 20:
20:4 2,16 2.30 2.11 2.76  2.48
0, O . o,
0% 2 7P Jka, mAAREe) 32.72% = A% 20:5 770 7.56 7.56 6.81  7.30
3o, polyene f2e] Wl HEL Cus® 2 Cae 22:1 .06 1.20 1.41 0.85 0.82
myle, e N2 A: BETHARY o 22:5 .71 1.81 151 1.28 1.68
Q Coe B2S] ¥)-8-& SRS 9.57% = AR 22:6 9.61 11.47 8.15 10.06 10.67
Saturate 34.17 35.46 36.70 33.60 36.16
q 2 Mo =0 [
%L, HE A BEEE 129 H A5 Monoene 37.69 33.88 34.94 35.70 34.50
FBIEIRA 3 WERAY MR EREE 2, polyene  24.50 26.85 24.06 25.20 2611
o = o
B IE-E IR »stel polyene B g 18:4 and 20:1 are not calculated in subtotal
o] ¥gta, monoene R w]fo] Egtch. FEMEPEIREL percentage.
2] polyene B u]§-& 24.05~26.85% g v} HtE]g *: Including subcutaneous fats.
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Table 7. Fatty acid composition of the polar
lipids extracted from various tissues
of mackerel (%)

fcaihty ?nildsﬁzry ?n:ixrskcle Skin* Viscera Total
14:0 3.73  3.59 4.87 3.92 3.43
16:0  20.03 23.32 23.83 24.98 20,77
16:1 2.15 4.64 5.05 4.32  3.50
16:2 1.16 1.74 1.82 2.51 1.7
18:0 9.39 7.53 5.48 6.98 10.68
18:1  13.25 11.15 16,98 11.27 11.91
18.2 .26 1.76 1.60 1.93  1.39
18:3 0.71  0.87 1.13 0.69 0.82
;ggﬁ) .13 1.61 3.41 1.55 1.94
2014 466 597 271 5.66  3.98
20:5 1157 11.39 11.34 10.80 12.53
2211 0.29 0.39 0.43 0.26  0.40
22:5 .79 2.29  2.03 1.88 2.17
22:5  18.88 23.75 19.32 23.25 25.11
Saturate 43.15 34.44 34.18 35.88 34.88
Moncene 15.69 16.18 22.46 15.85 15.81
Polyene  40.03 47.77 39.95 46.72 47.37

18:4 and 20:1 are not calculated in subtotal
percentage,
*: Including subcutaneous fats,

HE 39.95~47.77% 929, Co:sB B Coe B9
v go] FEmEIRER T §x)8) ¥ Monoene B
¥ 2 JEEMEIREC) 33.88~37.69% Qo) HEMERR
Hel 15.69~22.46% g1 oH, FEEEEIRES Cieu B
(7.46~11.37%) 9 Cia:1 BR(23.69~26.07%) ¥ £9)
M Eie] Cre: BR(2.15~5.05%) ¥ Cis (11,
15~16.98% )2 ot A4 Fskot.

Teol BHHRESY MR 8k W84 Ke &
(1977)& g o ={f 1459 #¥EZ monoene Fo)
43.0%;, polyene §go] 25.5% o] 1., polyenegpo =
£ CosBo) 6.3%, Coue®ol 9.9% & A}z
15 tt. Yamada (1976)7} 23utz]8] ZEo1E A
HZ A8 Aa A Cos Bol 4.4~9.8%, Coe
ol 10.5~19.0% 927, ol & RAS F#lldq =
A%t At A FEEERESY A CousfRel 4.2
~9.7%, CoefRol 8.4~16.3% o7 BWERES
A9 Cop.5 o] 5.0~8.9%, Cize o) 31.5~37.6%
dutx stk ol el MM HRL FA— &E
o AANE BEE Y e, 2 422 Haya-
shi £(1977)& A2 plankton 8] ko] =tz 7]
%3lg 07, Yamada (1976) £ el o3
i AT E BEESERS St del Cuc B 5

o RRifEol F4ste AL dkow, BIR MK
e BEe BEER B 93¢ Xz A4
d %= 2dx g,

7 H9 el HHE BEE 30°Cd 508 AR
F9 B #WE Table 84 o] &4 MY
Table 8. Fatty acid composition of the lipids

extracted from various tissues of
mackerel stored 50 days at 30°C (%)

Fatty Ordinary Dark

I
acid muscle muscle Skin* Viscera Total

14:0 7.57 8.91 10.58 10.80 11.01
16:0 30.21 31.37 34.79 36.03 34.09
16:1 9.15 7.67 8.13 6.95 6.47
16:2 0.98 1.06 1.59 1.67 1.42
18:0 6.81 11.15 7.16 11.29 9.38
18:1 27.80 26.88 28.30 23.69 25.81
18:2 0.99 0.73 0.59 1.38 1.10
18:3 0.29 0.26 0.26 0.24 0.63
18:4
2. 1) 434 2.52 4.54 2.52 2,95
20:4 1.15 1.12 0.74 1.10 1.10
20:5 3.06 2.57 0.14 1.02 1.20
22:1 2.01 0.67 2.09 1.56 1.10
22:5 1.35 1.47 0.11 0.31 0.89
22:6 4,29 3.62 0.53 1.44 2.85
Saturate 44.59 51.43 52.98 68.12 54.48
Monoene 38.96 35.22 38.52 32.20 33.38
Polyene 12.11 10.83 3.96 7.16 9.19
18:4 and 20:1 are not calculated in subtotal
percentage.,

*: Including subcutaneous fats,

9 EEES MR #RE Table 9, 104 e}
wHeiet.

REfEBERY AT &, § BETHNERI
Cao:s 8 o Conie o] 743l 3, AEFE 2 mono-
ene o] Z7tsigtt. MFRLEZE Cu:o® Cieo
B Y Cuaofel 3Fvletgev], moncene o 2=
Cien B 2 Cisi Bo] Zolslg et FFERER R B
HIRES PR MRS W3 of4-g Table 89 £
BREY A% s, BERESY TREREGR
o) 4r) EERRELD #Asigda, fHNERE
EERE) ¥RWREE Famigiigel 4%t
At

HEMES IR SRS G 49 BES B
B RS v st BETRTRERY &l ¥
Sl = B7sla BMb=Els] 4L Hoz Het 7 XF
o R YA BEEEDE 2 BAONDE
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Table 9. Fatty acid composition of the non-
polar lipids extracted from various

tissues of mackerel stored 50 days
at 30°C %>

Fatty Ordinary Dark Syint  Viscera Total
14:0 7.77 8.59 11.72 9.16 9.38
16:0 28.96 33.47 33.74 32.97 31.17
16:1 11.95 8.61 7.29 11.81 11.32
16:2 0.8¢ 1.09 157 1.40 0.79
18:0 6.41 7.64 6.57 6.67 9.19
18:1 28.68 27.47 29.71 27.48 25.13
18:2 0.7 0.78 0.88 1.40 0.54
18:3 0.43 0.48 0.5¢ 0.55 0.59
éﬁﬁ 5.19 2.26 4.14 205 2.92
2014 0.7 1.30 0.85 1.17 1.49
2015 2,20 1.67 0.16 1.2 178
22:1 1.35  1.92 1.85 0.93  1.39
22:5 .01 1.10 0.26 0.57 0.96
22:6 3.46 3.62 0.72 2.58 3.35
Saturate 43.14 49.70 57.03 48.80 49.74
Monoene 41.98 88.00 38.85 40.22 37.84

Polyene 9.69 10.04 4.98 8.93 9.50

18:4 and 20:1 are not calculated in subtotal
percentage.
*: Including subcutaneous fats,

Table 10. Fatty acid composition of the polar
lipids extracted from various tissues
of mackerel stored 50 days at 30°C

%>

Skin* Viscera Total

Fatty Ordinary Dark
acid muscle muscle

14:0 6.72 802 10.70 11.28 9.40
16:0  40.49 39.18 38.42 38.99 36.42
16:1 3.75 7.43 7.61 8.50  5.40
16:2 .19 112 114 129 1.08
18:0  14.53 13.67 9.43 12.08 20.10
18:1  22.06 18.03 21.45 17.13 16.30
18:2 0.83 1.68 1.45 1.43  0.81
18:3 0.66 0.56 0.41 0.56 0.28
;g;f) .47  1.56 4.3 2.09 2.14
20:4 .05 1.64 1.16 1.19 0.88
20:5 2.66 1.71 0.76 1.20 1.70
22:1 0.82 0.52 177 0.95 0.56
22:5 0.60 1.12 0.50 0.58  0.87
22:6 3.13  3.76 0.84 2.64 4.06
Saturate 61.74 60.87 58.55 62.35 65.92
Monoene 26.63 25.98 30.83 26.58 22.26

Polyene 10.16 11.59 6.26 8.98 9.68

18:4 and 20:1 are not calculated in subtotal
percentage.

*: Including subcutaneous fats,

o FEE AAE F vk F Ke 5(977)8 1%
o] RERENE BILE RS w12 4] #
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B mAWRRY b4 23z REBE 72 A
art.

4. EHERES REHEIREY PR Bl o
A Cie B 2 Cig:t 9] monoene B2 HEFRHEC]
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Cuo @ 2 Ciso B9 BARY S7bv FEHZX
polyene B29] Zra& HWMEFEEC] FFEMERET 2

= =7 TR

— 319 —



& £ KA R B

X B

A.0.A.C. 1980. Official Method of Analysis.
13th ed., Assoc. of offic. Agr. Chemists,
Washington, D.C. p.440.

Folch, J., I Ascoli, M. Lees, J.A. Meath and
F.N. Lebaron. 1951.
extracts from brain tissue. J. Biol. Chem.
191, 833-841.

BRERE. 1980. & LRERHE: (9). BESHEA
M. BEWE+> ¥—, pp.68-70.

AAMEBHER. 1977, REMBIFTRRE. 98
/L.

Preparation of lipid

Ke, P.J., R.G. Ackman, B.A. Linke and D. M.

Nash. 1977. Differential lipid oxidation in
various parts of frozen mackerel. J. Fd.
Technol. 12, 37-47.

Lee, J.H., K. Fujimoto and T. Kaneda. 1981.
Antioxygenic and peroxide decomposition
properties of antarctic krill lipids. Bull.
Japan Soc. Sci. Fish. 47(7), 881-888.

Shibata, N. and T. Kinumaki. 1977. Effect of
various factors on the rancidity of oil
mixed with fish meat. Bull. Tokai Reg.
Fish. Res. Lab. 91 (1), 1.

Shibata, N. 1980. The rancidity of oil sardine
during cold storage. Bull. Tokai Reg.
Fish. Res. Lab. 102(10), 51-59.

Tadashi, U. 1967. Fatty acid composition of oils
from 33 species of marine fish. J. Simo-
noseki Univ. of Fish. 16(1), 1-10.

Tadashi, U. 1976. Changes in the fatty acid
composition of mackerel lipid and probably
related factors. Bull. Japan Soc. Sci. Fish.
42(4), 479-489.

Tadashi, U. 1977.
composition of fish lipids and their relations
to some numercial factors. Bull. Tokai
Reg. Fish. Res. Lab. 92(8), 23-27.

Tarladgis, B.G., B.M. Watts and M.J. Youn-

1960. A distillation method for

quantitative determination of malonaldehyde

Variation in the fatty acid

athan.

in rancid food. J. Am. Oil Chemists Soc.
37(1), 44.

Tashiro, 1., I. Shingo and H. Tsutuki. 1981.
Seasonal variation of total lipids of horse
mackerel. Nippon Shokuhin Kogyo Gak-
kaishi 28(6), 309-317.

Tashiro, 1., I. Shingo and H. Tsutuki. 1981.
Seasonal variation of compound lipids of
horse mackerel. Nippon Shokuhin Kogyo
Gakkaishi 28(9), 482-490.

Tashiro, L., 1. Shingo and H. Tsutuki. 1983.
Positional difference of total lipids and
neutral lipids in horse mackerel. Nippon
Shokuhin Kogyo Gakkaishi 30(2), 79-87.

Tashiro, I.,I. Shingo and H. Tsutuki. 1983.
Positional difference of compound lipids in
horse mackerel. Nippon Shokuhin Kogyo
Gakkaishi 30(4), 235-244.

Toyomizu, M., T. Nakamura and T. Shono.
1976. Fatty acid composition of lipid from
horse mackerel muscle. Bull. Japan Soc.
Sci. Fish. 42(1), 101-108.

Tsukuda, N. 1980. Lipids in dark meat fish of
abundant catch. Problems in utilization
and processing. Nippon Shokuhin Koygo
Gakkaishi 27(4), 210-219.

Tsukuda, N. 1980. Oxidative stabilities in sardine
lipids and the effect of antioxidants on
frozen sardine. Nippon Shokuhin Kogyo
Gakkashi 27(8), 388-392.

Ueda, T. 1976. Changes in the fatty acid com-
position of mackerel lipid and probably
related factors. [. Influence of the season,
body length and lipid content. Bull. Japan
Soc. Sci. Fish. 42(4), 479-484.

Ueda, T. 1976. Changes in the fatty acid com-
position of mackerel lipid and probably
related factors. J. Influence of the lipid
content on the fatty acid composition. Bull,
Japan Soc. Sci. Fish. 42(4), 485-489.

Yamada, J. 1979. Lipid oxidation in various

tissues of sardine. Bull. Tokai Reg. Fish.

Res. Lab. 99(10), 23-29.

— 320 —



