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The results of previous paper(Lee et al, 1987), indicated that the role of polyunsaturated carbonyls

from the polar lipid seemed more important than those of the nonpolar lipid in the browning reaction.

In this study, the role of phosphoipid in lipid oxidative browning reaction was investigated.

In fatty acid composition of hair tail fish, neutral lipid and glycolipid contained the higher percent

of saturated and monoenic acids while phospholipid contained more of polyenoic acids.

When this fish was dried and stored, polyunsaturated fatty acids of phospholipid and glycolipid more

rapidly decrzased than that of neutral lipid.

The browning was developed more rapidly in phospholipid than in glycolipid and neutral lipid.

In the test of phospholipids, the phosphatidylcholine which fractionated by CHCls-MeOH(1:1) solution

was the largest in quantity, but the phosphatidylethanolamine which fractionated by CHCls~-MeOH(4:1)

was more active in the development of browning.
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Table 2. Fatty acid composition of glycoli-
pids in hair tail fish stored at 40°C

Strorage time
(days)

Table 3. Fatty acid composition of phospho-
lipids in hair tail fish stored at
40°C

Storage time
(days)

Fatty acid ~ Raw  Dried Fatty acid Raw  Dried

712 7 14 21
14:0 11.6 5.9 6.2 8.9 7.4 14:0 1.4 2.9 2.3 3.3 5.1
15:0 3.1 0.6 0.7 0.9 01 5.9 0.3 0.4 0.5 11 0.7
16:0 18.2 231 236 220 30.5  45:9 23.7  20.6  17.1 27.0 20.2
17:0 1.4 0.6 1.0 0.7 0.3 17:0 0.7 0.7 1.4 1.0 0.5
18:0 6.1 5.4 72 7.6 7.3 18:0 7.2 6.2 82 82 7.7
20:0 L6 25 L7 L7 L1 95:9 0.5 1.7 0.7 1.2 0.8
Saturated 42.0 38.1 40.0 41.8 46.7 Saturated 33.8 32.5 30.2 41.8 34.8
14:1 14:1
15:1 15:1
16:1 6.0 7.0 7.2 5.7 7.3 16:1 1.8 3.0 4.4 5.3 5.1
17:1 2.1 0.6 1.1 0.5 0.4 17:1 0.3 0.4 0.5 1.1 2.6
18:1 17.4 24.8 23,1 30.2 27.3 18:1 17.1 16.9 16.6 13.0 22.5
20:1 2.6 1.3 1.0 0.9 1.0 20:1 0.5 0.4 1.1 2.0 3.0
22:1 0.8 1.1 0.6 1.1 1.8 22:1 0.1 0.2 1.1 1.2 0.7
Monoene 28.9 34.8 33.0 38.4 37.8 Monoene 19.8 20.9 23.7 22.6 33.9
16:2 0.5 0.6 0.8 0.6 0.5 16:2 0.3 0.3 0.6 1.2 0.7
18:2 2.3 1.4 0.2 1.8 1.5 18:2 0.8 1.2 0.7 1.2 1.3
18:3 0.7 1.6 1.9 1.8 1.6 18:3 0.3 0.5 0.4 0.1
20:2 0.6 0.3 0.8 1.4 20:2 1,1 1.1 1.4 0.5
20:4 2.8 1.3 1.1 0.9 0.4 20: 4 2.8 2.5 3.6 4.0 4.5
20:5 3.3 7.1 6.4 3.8 3.0 20:5 9.9 7.3 7.3 9.8 7.0
22:3 0.2 0.1 0.3 0.2 22:3 0.4 0.3 0.3 0.7 0.2
22:4 0.8 0.3 0.7 0.5 0.3 22:4 1.0 0.6 1.7 0.7 0.7
22:5 1.0 1.2 0.7 0.8 0.6 22:5 1.3 1.9 1.5 1.2 1.2
22:6 16.9 13.2 13.7 9.6 6.0 22:6 28.5 31.4 28.5 15.9 15.6
Polyene 29. 1 27.1 26.6 19.8 15.5 Polyene 46.4  46.6 46.1 35.6 3L.3
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Table 4. Brown pigment formation in hair tail fish lipid fractionated by silicic acid

column chromatography

Storage Total lipid Neutral lipid Glycolipid Phospholipid

Cdays) 400 460 400 400 460 400 460
Raw 0.002  0.009 0.000 0.021 0.024  0.014 0.171  0.087
Dried 0.019  0.024 0.019  0.029 0.051  0.025 0.301 0.155
7 0.057  0.040 0.038  0.033 0.097  0.067 0.369 0.182
14 0.073  0.064 0.094  0.057 1.170  0.072 0.905 0.336
o) 0.111  0.056 0.120  0.083 0.210 ©.112 1.075  0.452
23 0.135  0.104 0.130  0.105 0.224 0.183 1.233  0.663

35 0.152  0.064 0.128  0.101 0.468  0.272
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2R A #iR 2 ErEtel Ml 28RS silicic
acid column & 2 #FRlste] Aol BIRES CHCl-
MeOH BE RS #FRIste] v}4] silicic acid column
chromatography & 78 #58 L Fig. 13+ 2o} & &
§o) WS Fig 104 2% wheh o] CHCL-
MeOH(1: DE7 A9 35.9% % 743 =%k3,
t}-&o] CHClL-MeOH(1: HESA 1495022 £
52 CHCls-MeOH(1: DES} CHCl-MeOH(1 : 4)
Eol HH= #aelgleh. silicic acid column chro-
mtaography 2 e}z Wi L& ] TLCAH
A stelal L gEE & EHol dittmer BbEe) BIRE
o]gor, CHCl>-MeOH(4; 1)Ex ninhydrin Bk
© 2 Jeh} phosphatidylethanolamine @ 2 CHCls-
MeOH(1 : 1), CHCI;-MeOH(1 : 4) % ethanol ZHE

X dragendorff [F¥E2] phosphatidylcheline &2 st
EPES
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BEIREES silicic acid column © 2 7388k =+ B
BieEe HBBES Table 5o] ebigieh RrEith
CHCl,-MeOH(4 : 1) BEIMES #BEBE} =& ol
vl AR E2 & Jellglth o] Table 6~9
A B upseh 2ol BHES IRESERMM-E phosph-
atidylethanolamine ¢ 2 3 5] = CHCl;-MeOH(4:1)
B/t e B kel BEAfMBHRARE] 2%
o= = phosphatidylethanolamine & FKEM:o] =
% amino EE R gl7] FEd  $14 polyene
B BALEgms} ol % frel amino HHY MIK
Eow WMBE/ 24 Jehd Aoz 47+
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Fraction number

Fig. 1. Fractionation of hair tail fish phcepholipid ty silicic acid cclumn chrematcgraphy.

* Chloroform : Methanol

Table 5. Brown pigment formation in hair
acid column chromatography

tail fish phospholipid fractionated by silicic

Storage CHCl5-MeOH(4:1) CHCl;-MeQH(1:1) CHCl3;-MeOH(1:4) MeOH
(s 400 460 400 460 400 460 400 460
Raw 0.208  0.079 0.230  0.090 0.124  0.079 0.167  0.086
Dried 0.407  0.188 0.43¢  0.190 0.373 0,147 0.385  0.132
7 0.830  0.502 0.440  0.235 0.425 0,495 0.435 0,449
14 0.972  0.611 0.615  0.200 0.588  0.518 0.610  0.467
21 1.021 0,665 0.741  0.286 0.725  0.618 0.731  0.586
28 1155 0,369 1.269  0.609 1.675  0.762 1128 0.482
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Table 6. Fatty acid composition of phospho-
lipids in hair tail fish fractionated
by silicic acid column chromatogra-
phy with CHCl;-MeOH(4:1) solution

Table 8. Fatty acid comgposition of phospho-
lipids in hair tail fish fractionated
by silicic acid column chromatogra-
phy with CECI;-MeOH(1:4) solution

Storage time (days)

__Storage time (days)

Table 7. Fatty acid composition of phosphe-
lipids in hair tail fish fractionated
by silicic acid column chromatcgra-
phy with CHCl;-MeOH(1:1) solution

Fatty acid Raw  Dried Fatty acid Raw  Dried
14 21 28 7 14 21 28

14:0 0.2 1.7 1.0 1.7 17 3.6 14:0 2.1 4.2 3.7 53 4.8 6.2
15:0 1.4 0.4 1.6 0.7 0.9 10 15:0 1.5 1.0 0.4 2.3 1.9 2.6
16:0 20.0 23.2 24.4 25.7 33.5 45.3 16:0 25.4 35.3 27.6 35.4 41.3 36.3
17:0 1.1 0.7 0.8 0.7 1.1 0.8 17:0 1.3 0.7 .2 1.7 1.3 22
18: 0 9.1 10.6 8.3 9.1 9.5 13.7 18:0 9.0 10.1 16.1 14.0 11.6 12.6
‘20:0 0.6 0.5 0.4 0.6 1.5 0.7 20:0 0.9 0.8 1.4 1.0 0.7 1.5
Saturated 32.4 37.1 36.5 385 48.2 65.1 Saturated 40.2 52.1 50.4 59.7 61.6 61.4
14:1 14:1

15:1 15:1

16:1 2.1 2.4 2.5 2.6 2.4 3.0 16:1 3.0 1.0 3.5 2.5 31 6.2
17:1 17: 1

18:1 15.1 17.9 15,9 17.7 27.9 19.6 18:1 17.3 17.9 20.1 15.6 16.4 15.1
20:1 0.2 0.9 0.3 0.4 0.3 20:1 0.3 0.4 1.2 0.5 0.9 2.6
22:1 0.3 0.7 1.1 1.6 1.0 0.6 221 0.6 0.9 1.7 0.3 0.4
Monoens 17.7 21,9 19.8 22.3 31.6 20.5 Monoene 21,2 19.3 25,7 20.3 20.7 24.3
16:2 1.0 1.1 0.7 0.7 2.9 1.6 16:2 1.3 1.9 1.7 2.5 1.0 3.2
18:2 0.7 1.3 0.8 0.8 54 1.6 18:2 0.9 1.6 2.7 0.6 1.2 4.0
18:3 0.2 0.1 0.1 18:3 Q.3

20:2 0.7 0.5 20:2 0.2 0.5 0.7 L3

20: 4 2.4 2.5 2.3 1.3 1.1 0.3 20:4 3.4 0.8 1.7 0.9 0.9 0.3
2015 7.5 6.3 10.5 7.7 1.1 0.8 20:5 9.8 4.5 2.5 2.6 4.4 2.7
22:.3 1.6 1.3 1.8 1.0 0.2 0.1 22:3 2.3 0.1 0.2 1.2 0.5 1.5
2214 3.2 3.3 3.9 3.8 0.5 0.1 22 : 4 2.0 0.1 1.5 3.0 2.2 0.9
22:5 3.0 1.2 4.9 4.8 0.4 1.4 22:5 1.3 0.4 0.6 0.6 1.6 0.5
22:6 30.5 23.8 18.7 19.0 7.9 8.0 22:6 17.1 18.7 12.3 7.3 5.9 1.2
Polyene 49.9 41.0 43.7 39.2 20.2 14.4 Polyene 38.6 28.6 23.9 20.0 17.7 14.3

Table 9. Fatty acid composition of phospho-
lipids in hair tail fisk fractionated
by silicic column chromategraphy
with methansl

Storage time (days)

Storage time (days)

Fatty acid Raw  Dried Fatty acid Raw Dried

7 14 21 28 7 14 21
14:0 2.1 2.2 2.4 1.1 L4 1.5 14:0 1.7 6.8 3.6 3.7 3.8
15:0 3.5 3.7 2.4 0.8 0.5 0.5 15:0 1.1 1.2 1.5 2.8 6.8
16:0 15,1 16.0 18.0 26.0 36.1 27.0 16:0 28.0 30.7 32.7 36.2 33.3
17:0 2.4 3.3 54 0.9 0.6 0.9 17:0 0.9 1.7 2.4 1.4 1.4
18:0 15,8 15,9 12.2 82 9.1 7.9 18:0 10.3 11.1 13.7 18.9 14.1
20:0 0.5 0.5 1.1 0.8 0.6 0.5 20:0 0.3 0.4 1.5 1.2 0.8
Sa_turated 39.1 41.6 41.5 37.8 48.3 38.3 Saturated 42.3 51.9 55.4 64.2 60.2
14:1 14:1
15:1 15:1
16:1 2.5 3.5 4.1 2,9 2.8 12.5 16:1 2.2 3.3 4,3 2.7 5.0
17:1 17:1
18:1 13.9 15,8 14.6 21.8 23.4 23.5 18:1 15.5 11.3 14.9 11.3 17.0
20:1 0.6 0 1.0 0.7 0.8 1.8 20:1 0.5 .9 1.6 0.5 0.6
22:1 0.7 0.6 0.6 0.2 22:1 0.7 0.7
Monoene 17.0  20.1 20.4 26.0 27.6 38.1 Monoene 18.2 22.5 2.6 15.2  22.6
16:2 1.0 1.7 1.7 1.0 1.0 13 16:2 1.0 2.0 2.5 3.8 2.3
18:2 0.2 1.0 1.4 1.4 0.8 1.6 -18:2 2.3 1.6 2.6 3.4 1.3
18:3 0.6 0.3 0.3 0.3 0.4 0.3 18:3 0.2 0.2
20:2 0.2 0.8 0.2 0.1 0.4 0.4 20:2
20: 4 2.3 2.5 2.3 2.7 1.9 1.6 20: 4 3.0 1.1 2.0 0.7 1.3
20:5 9.5 2.9 2.9 6.2 0.7 3.0 20:5 7.6 3.1 4.1 3.3 0.8
22:3 0.9 0.3 0.8 0.8 1.0 22:3 2.0 5.0 1.7
22:4 0.7 2.8 1.4 2.3 1.9 4.2 22:4 2.1 1.5 0.7
22:5 1.4 0.1 2.3 L5 1.0 0.8 22:5 3.4 6.2 5.0 0.5 1.4
22:6 28.0 25.3 25.3 19.9 15.2 9.4 22:6 22.0 7. 1.9 5.7 9.4
Polyene 43.9 38.3 38.1 36.2 24.1 23.6 Polyene 39.5 25.6 23.1 20.6 17.2
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