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Abstract

The results which were examined changes in contents of constitutive lipid and fatty acid during the natu-

ral drying of Pacific Saury were as follows,

During the natural drying of Pacific Saury, otal lipid and moisture contents gradually decreased. In the

survey of rancidity degree extracted lipid of Pacific Saury, peroxide value was gradually increased, TBA

and acid value were radically increased thereafter 9 days of drying.

Neutral lipid, phospholipid and glycolipid contents of total lipid were 95%, 4% and 2%, respectively, and
in the neutral lipid, content of TG was more than 90%, and in the phospholipid, contents of PC and PE

were 45~85%, 27~34%, respectively.

Fatty acid composition of total lipid was substantially higher in Cis:¢ and Can:1, Co:1, Caz:6 contents and fat-

ty acid composition of neutral lipid was higher in Cy:, Cs:j, contents and fatty acid composition of phos-

pholipid was the highest in C,.¢ content, In the fatty acid composition of glycolipid, monounsaturated fatty

acid content has substantially higher, Cis., content was gradually increased in saturated fatty acid and Cgq

content was gradually decreased in monounsaturated fatty acid. It showed that fatty acid composition of

triglyceride has higher in monounsaturated fatty acid content and contents of Cay.y, Cs: was gradually dec-

reased.
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Fig. 1. Scheme for the extract fracftimation and analysis of crude lipids in
flesh Pacific Saury during drying.
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Table 1-1. Contents of total lipid in flesh of
Pacific Saury during storage

et 7)) & A ukgheat 2pdak 24 wst 243

Table 2. Contents of moisture in flesh of Pa-
cific Saury during storage

Day Total lipid (%)

Average

0d 44.75 46.74 46.09 45.86
34Y 55.12 57.78 56.97 56.62
6 55.54 53.45 55.45 54.81
9¢ 51.13 54.07 54.21 53.13
124 48.29 51.65 49.52 49.82
154 37.16 38.95 38.03 38.04

Day Moisture (%) Average
0y 67.5 65.4 68.2 67.0
3¢ 50.2 48.3 53.4 50.6
6 47.8 46.7 47.0 47.2
9 47.3 47.2 46.5 47.0
124 43.7 44.0 43.5 43.7
15 ¢ 29.9 31.0 31.5 30.8

Table 1-2. Contents of crude lipid in flesh of
Pacific Saury during storage

Day Crude lipid (%) Average

0d 46.70 41.47 43.24 42.80
3d 54.56 56.93 56.03 55.84
6 50.67 52.36 50.78 51.27
94 40.58 45.91 43.21 43.23
124 41.26 42.32 41.28 41.62
15 33.52 31.00 32.98 32.50
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Table 3. Variety of crude oil, peroxide, acid
value, TBA level in flesh of Pacific Saury during
storage

0¢d 3¢ 69 99 12¢ 154
Crude oil* 43.8 55.8 51.3 43.2 41.6 325
Peroxide value 14.2 150 16.8 27.1 33.0 31.2
Acid value 0.52 0.33 0.32 0.39 0.46 0.44
TBA 0.12 0.12 0.13 0.14 0.17 0.14

* O1l percentages are on a dry-weight basis.
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Table 4. Contents of lipid classes in total lipid
in flesh of Pacific Saury during storage

Total Lipid classes (%)*
Day

lipid (%) NL& GLY PLY

0 45.56 95.3 1.6 3.1
(43.70)*  (0.73) (1.42)

3d 56.62 93.1 2.3 4.6
(52.71) (1.30) (2.60)

6 54.81 93.9 2.1 4.0
(51.46) (1.15) (2.20)

9¢ 53.13 93.8 2.4 3.8
(49.84) (1.28) (2.01)

12d 49.82 93.5 2.4 4.1
(46.58) (1.19) (2.04)

15¢ 38.04 95.0 1.7 3.3
(36.13) (0.64) (1.25)

* As percentage of total lipid.
Each lipid fraction was separated by silicic acid
column chromatography and quantitatived by
TLC scanner.

** All values in parenthesis are the percentages of
total lipid.
a) NL : neutral lipid
b) GL : glycolipid
¢) PL : phospholipid
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Table 5. Composition of non-polar lipids* in flesh of Pacific Saury during storage

0d 34 6Y 9¢ 12 54
Monoglyceride 0.9 0.2 0.4 0.2 trace trace

(0.85)" (0.18) (0.37) (0.18) - -

Free sterol 1.1 0.8 0.6 24 3.6 4.7
(1.04) (0.74) (0.56) (2.25) (3.36) (4.46)

Diglyceride 1.2 1.5 0.9 1.2 0.8 0.8
(1.14) (1.39) (0.84) (1.12) (0.74) (0.76)

Free fatty acid trace trace trace 0.4 0.5 0.5
- - - (0.37) (0.46) (0.47)

Triglyceride 94.3 95.7 96.2 93.7 91.8 89.9
(89.86) (89.09) (90.33) (87.89) (85.83) (85.40)

Esterified sterol 2.5 1.8 1.9 2.1 3.3 4.1
& hydrocarbon (2.38) (1.67) (1.78) (1.96) (3.08) (3.89)

a) Nonpolar lipids were separated on TLC on silica gel G with Pet. ether

v /v /v) as the developing solvent system.

- diethyl ether - acetic acid (80 : 20 : 1,

b) All values in parenthesis are the percent of neutral lipid.

Table 6. Composition of phospholipid® in flesh of Pacific Saury during storage

0Y 3y 6 94 12¢ 15¢
Unknown 2.0 1.6 3.1 2.2 3.6 5.1
(0.06)” (0.07) (0.12) (0.08) (0.14) (0.16)
Lysophosphatidyl choline 4.5 3.7 3.4 4.2 3.7 5.7
(0.08) (0.17) (0.13) (0.15) (0.15) (0.18)
Sphingomyelin 12.5 10.4 9.7 8.3 10.1 15.4
(0.38) (0.47) (0.38) (0.31) (0.41) (0.50)
Phosphatidyl choline 48.7 49.8 53.2 57.8 53.9 45.4
(1.57) (2.29) (2.13) (2.19) (2.20) (1.49)
Phosphatidyl ethanolamine 32.3 34.5 30.6 27.5 28.7 28.4
(1.00) (1.58) (1.22) (1.04) (1.17) (0.93)
a) The phospholipid fraction was separated by preparative TLC using chloroform - acetone - methanol - acetic

acid - water (60 : 20 : 10 : 10 : 3. v/v /v /v /v).

b) All values in parenthesis are the percent of phospholipid.
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Table 7. Fatty acld ComDOSltIOII of total lipid in flesh of Pacific Saury during storage

Qe s B )

Fatty acids

Fatty acid composmon (area %)

0l 3¢ 6 9 %] 12d 15 ¢

12:0 1,35 1.02 0.62 0.94 0.70 0.04

14:0 6.35 8.34 6.72 6.01 7.63 6.71

15:0 0.55 0.72 0.67 0.59 0.77 0.61

16 : 0 11.68 12.70 12.24 11.83 12.95 12.23

17 : 0 0.51 0.43 0.42 0.39 0.50 0.39

18 : 0 2.07 1.71 1.79 1.60 2.05 2.26

Saturates 22.49 24.92 72 46 21.36 24.60 22.24

16 :1 3.34 3.30 3.29 3.43 3.61 2.65

18:1 5.16 5.71 4.97 5.43 6.36 5.09

201 14.78 14.04 15.24 16.30 13.12 16.75

22:1 17.80 15.47 13.26 17.51 15.26 17.50

24 .1 — - - -~ - -

Monoenes 41.08 38.52 41.76 42.67 38.35 41.99

18 :2 1.38 1.59 1.48 1.49 1.67 1.32

18:3 1.29 1.51 1.60 1.34 1.49 0.90

18 : 4 4.68 5.84 5.29 5.17 5.66 3.67

202 0.94 0.50 0.30 0.66 0.37 0.84

20 : 3 0.27 0.29 0.23 0.30 0.27 0.28

20: 4 0.58 0.45 0.55 (.50 0.53 0.54

20:5 6.87 6.54 6.04 6.35 6.96 5.47

22 :2 0.91 0.90 0.30 0.11 0.07 0.36

22 :3 0.13 0.18 0.38 0.41 0.71 0.35

22 : 4 0.20 0.08 0.32 - - -

22:5 1.39 1.25 1.24 1.20 1.42 1.22

226 14.14 14.40 14.27 14.50 14.17 16.73

Polyenes 32.78 33.53 32.00 32.03 33.32 31.68

Others 3.65 3.03 3.78 3.94 3.73 4.09
7ol Adkak 2 palmitic acid(16:0) 2] ko] A4 0)9] ghdol 11~12%ul9lol%iat, 20:12) ko]
ghaFe] 11~12%Wlold 1 vl B slxjubal Zo 14~16% W9], 20:52] &3ko] 6~7%, 22:62) ek
A= docosenoic acid(22:1)9} ecosenic acid(20 & 11~15% AEE 6-3t0 vk wae) 7ol v

1) o] geFo] Ao 14~16%H9Z -3k A 525k AuE WY oh

o, IBEFERHAF 20X docosahexaenic s, Tsubouchi 9] Aalell A XA F9] %
acid(DHA 22:6) /32 14% WZ 3a3ta o A A M= 16:09] Tl 9.5%04 7d &4

%131, eicosapentaenoic acid(EPA 20:5) &&g3e
6%1—}]91°]J1 sterudinic acid(18:4) 7} 5%W21& &
fahat Adek,
o]} 72 A= Mizobuchi 512} oA 3%
o] Ak Ao A Eakx) kel palmitic acid(16:

1213
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osenoic acxd(ZO 1) 9] shao] A2 ko,

8. SMX|UE Zo| X|git =4 E¥ 3R FollA= DHA (22:6) 9 5*"*01 9~
FZ23 FAMA FollA FAALEL A sE R 13%3r=-S el Rla, EPA (20:5) 9] §2ke 3~
o] 248 #4¢ Aake Table 89 ), 6% eyt
7} ZEhabobe} AZR7IZE Ul WUE SebdstE B &), Tsubouchi 51 4 AE & Xt g
o]x] okstoy, E3} xwpato] 18~23% W9 e] & Woll A 16:09] sFFo] §~9% o], 1% B¥3} X
He BN, oY BE¥ 3} xuito] 40~50% e e whal 22 20:52] ko] K%8], 22:62] gako] 10%
Table 8. Fatty acid composmon of neutral lipid in flesh of Pacific Saury during storage
Fatty acid composmon (area, %)
Fatty acids e B
0¥ 3¢ 6 9 12 15
12:0 0.78 0.43 0.94 1.03 0.54 0.43
14 :0 7.27 7.28 8.30 7.44 7.47 5.19
15:0 0.57 0.70 0.68 0.68 0.76 0.49
16 : 0 10.87 12.15 11.58 12.29 11.88 9.85
17 :0 0.42 0.41 0.48 0.44 0.47 0.27
18:0 1.68 1.62 1.47 1.57 1.54 1.84
Saturates 21.59 22.59 23.45 23.45 22.66 18.07
16 :1 3.40 3.09 3.73 3.58 3.39 2.07
18:1 4,74 5.75 5.07 5.63 4.55 4.05
20 :1 18.11 16.26 16.23 14.63 15.92 16.59
221 22.17 19.87 18.64 16.81 16.53 28.47
24 01 - - - - - 1.04
Monoenes 48.42 44.97 43.67 40.65 40.39 52.22
18:2 1.40 1.60 1.54 1.66 1.55 1.83
18 : 3 1.21 1.48 1.35 1.59 1.60 0.76
18 : 4 4.58 4.98 5.49 5.71 5.23 2.68
202 0.83 0.49 0.35 0.41 1.17 0.57
20:3 0.24 0.30 0.28 0.24 0.30 0.26
20 : 4 0.41 0.39 0.45 0.48 0.46 0.40
20:5 5.42 5.18 6.39 6.72 5.78 3.37
2212 0.80 0.50 0.26 0.26 0.35 0.83
22:3 0.64 0.44 0.29 0.39 0.28 0.85
224 0.16 0.03 - - - 0.06
22:5 1.02 1.11 1.19 1.28 1.28 0.91
226 10.46 11.49 11.46 13.75 11.85 9.34
Polyenes 27.17 27.99 ’9 Ur i} 4‘) 29.85 21.86

Others 2.82 4.45 3.83 3.41 7.10 7.85
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40%), A H o2 gdd By apxiuhit ke v A
(14~40%)°lNeH, 1= 8¥3} x4t ghao] th
A ¥ g 7 Ao UTH28~49%). At
Exdoe JA] Z3Abatol A palmitic acid
(16:00) 7}, ©d B¥3} Al A= docosenic ac-
id(22:1), eicosenic acid(20:1) 9] &), 15 BX
kAUt M= DHA (22:6) 9] §afe] ohE Aiat
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Table 9. Fatty acid composition of phospholipid in flesh of Pacific Saury during storage

Fatty acid composition (area, %)

Fatty acids
0d 3d 6 94 124 154
12:0 0.35 0.24 0.08 0.19 0.15 0.11
14:0 6.68 6.95 3.86 1.65 4.95 4.02
15:0 0.96 1.21 0.39 0.57 0.75 0.52
16:0 24.03 11.63 10.28 18.12 19.90 18.43
17 :0 - - - - 0.29 0.19
18:0 8.60 6.40 3.06 6.75 10.54 7.25
Saturates 40.62 26.43 17.67 27.28 36.58 30.52
16 :1 1.66 2.38 1.10 1.12 2.10 1.66
18:1 4.05 6.28 4.08 5.64 1.12 15.41
201 6.80 7.46 8.51 4.44 5.76 7.04
221 8.02 9.35 21.62 4.28 5.14 6.55
2411 1.81 4.53 5.40 5,04 0.42 2.81
Monoenes 22.34 30.00 40.71 20.52 14.54 33.47
18 : 2 1.02 1.34 1.48 1.18 0.99 3.40
18:3 0.42 1.81 0.89 1.16 1.59 0.78
18 : 4 1.21 1.87 0.95 0.54 1.44 0.78
20 12 0.39 0.32 0.35 0.38 0.34 0.34
20:3 - - 5.94 1.69 0.98 0.24
20 1 4 1.17 1.10 0.92 0.87 0.75 3.59
20 :5 2.44 3.10 1.49 3.93 4,09 1.34
222 1.02 4.31 0.34 4.34 0.25 0.58
2213 4.02 4.33 5.32 2.24 0.95 4.65
22 14 1.17 1.10 0.92 0.87 0.75 3.59
22 .5 0.93 1.11 0.98 1.25 1.22 0.50
2216 13.37 16.58 11.58 30.13 29.38 11.01
Polyenes 28.76 37.46 31.82 49.18 42.41 28.18
Others 8.28 6.11 9.80 3.02 6.47 7.83
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Table 10. Fatty acid composition of phospholipid in flesh of Pacific Saury during storage

Fatty acid composition (area, %)

Fatty acids

0Y 3d 6 94 124 15¢

12:0 0.14 0.09 0.05 0.17 - 0.12
14:0 4.48 6.93 5.89 10.39 6.01 7.17
15:0 0.59 0.59 0.76 1.08 0.64 0.91
16 : 0 9.14 10.21 11.18 18.53 13.34 20.28
17 : 0 0.26 0.43 0.44 0.41 0.38 0.30
18:0 3.22 2.74 1.80 2.38 2.39 6.95
Saturates 17.83 20.99 20.12 32.96 22.76 35.73
16 : 1 2.01 3.45 3.21 4.32 2.97 2.84
18:1 4.01 5.49 4.61 512 5.38 6.64
20:1 9.40 14.43 7.75 9.95 6.99 10.24
22 :1 26.78 22.12 25.70 11.89 11.96 13.28
24 11 3.50 0.35 0.15 1.27 1.55 1.97
Monoenes 45.70 45.84 41.42 32.55 28.85 34.97
18:2 1.09 1.98 1.60 1.58 1.57 4.69
18 :3 2.22 1.42 1.38 1.91 1.82 0.90
18 : 4 3.83 5.50 6.51 5.04 5.64 2.39
20:2 0.33 0.29 0.24 0.13 0.33 0.33
20 :3 0.42 0.37 0.09 - - -
20 : 4 0.85 0.43 0.44 0.35 4.03 0.73
20:5 4.73 5.28 8.27 5.18 7.59 2.21
22 12 0.43 - 0.04 0.21 0.39 0.42
223 1.21 0.30 0.12 2.66 4.16 3.21
22 1 4 0.91 - - - -
22 .5 1.23 1.05 0.91 0.63 1.31 0.50
22:6 9.40 9.27 11.91 8.82 14.99 6.10
Polyenes 26.65 25.89 3L.51 26.51 41.83 21.48
Other 9.82 7.82 6.95 7.98 6.56 7.82
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Table 11. Fatty acid composition of triglyceride in flesh of Pacific Saury during storage

Fatty acid composition (area, %)

Fatty acids - — - T -

04 3¢ 6 94 124 154

12:0 0.48 0.23 1.91 1.02 0.06 -
14:0 9.56 9.45 9.46 10.11 9.39 6.55
15:0 0.69 0.76 0.49 0.91 0.90 0.58
16 : 0 12.01 11.64 11.46 13.82 12.91 10.49
17 :0 0.31 0.43 0.29 0.54 0.44 0.32
18:0 1.98 2.54 2.03 2.12 1.87 1.86
Saturates 25.03 25.05 25.64 28.52 25.57 19.80
16 : 1 3.07 3.10 3.34 4.23 3.61 2.71
i8:1 5.35 5.58 5.32 5.66 5.13 9.02
20:1 18.61 20.16 20.83 16.87 15.07 14.39
22:1 23.47 26.37 25.49 20.25 18.06 17.46
24 11 1.54 1.85 1.74 2.50 1.79 1.63
Monoenes 52.04 57.06 56.72 49.501 43.66 45 21
18 12 1.63 1.50 1.18 1.52 1.61 8.32
18 : 3 1.08 0.89 0.83 1.73 1.74 1.34
18 1 4 2.93 1.83 1.82 3.32 4.57 3.22
20 :2 0.34 0.33 0.20 0.27 0.32 0.23
20 : 3 0.58 0.58 0.17 0.24 0.34 0.21
20 1 4 0.18 0.18 0.23 0.57 0.58 0.52
2015 2.92 2.18 1.98 3.53 4.83 3.83
2212 0.67 0.91 1.55 0.82 0.49 0.32
22 13 0.34 0.27 0.29 0.73 2.35 3.02

2214 - — —
22:5 0.72 0.61 0.60 0.74 1.60 0.92
2216 7.06 5.01 4.19 5.91 8.45 7.56
Polyenes 18. 45 14.29 13.09 19.38 26.34 29.45
Others 4.48 3.60 4.55 2.59 4.43 5.50




Vol. 8, No. 3(1995)

EPA (20:5)9] $h-3F 2.1%, DHA (22:6) 2] &%
o] 3%z veht i H o g 2 285 v)5=s Aak
E’ ‘/}'F/}'LHAI\

2 <%

/H ;(]1]4 ?_)\-‘ X] whAL
]’ T;]»—.L]— /LL}
otal lipide} & grake 3}

=)

%i?ﬁﬂ~d§7wlzﬂ o] s Aol A
Aralrhe
6‘

f
ol
R
"
i)
fm
N g
*3 fid
\-J

Yz} Z7kstg Avkel TBA 32 9Y
o 73| F7stAct.
Total lipide) &
7+ 95, 4, 22601931 F4AA F TG ko] 90%
ofoiglon 1AA &k PCrt 45~58% &
ol1, PE7} 27~34% W% 9| ghaFs vhelhyglio)
H1&71ZF #F Total lipide]l A9t 248 Cygo,
Canty Cap, Cop® Fido] tld = E9har,
Z9] Z|uFal Fako szy o] sleto] pﬂxﬂg =9
o, I A Fo] Akt e Cppl afo] 71
EUTH FAH Fo zl A A A GBS
I S| Eﬂzﬂi o ZFARAE F Copo TR
< A F7hek A B SPAEARe] Cop 8
& Har A oP@'E} Trlglycerlde o At 24
Arie ddBEsbA i) ko] B I F

Coon® Cop B8-S H2} 2hashe Aoz yehyt)

A4, AAE, YAA wRe 2

z/\-] x] 2}

83

L Sz Aa-rY 0 AF FEE, A,
85)
o171, ¥t 1 gHgeFekEl A, 10, 59(1977)
3. Uhei Naruse, Sumiko Kamonzeki and Kun-
itoshi Sekimoto : Effect of pacific saury
(Cololabis saira) on serum cholesterol and
component fatty acid in humans, Eiyogaku
Zasshi, 48(5), 233(1990)
D A0 odEE, RefE g A oy
2], 20(1993)

5. ¥z, whe

4. % 9

D B2 Az

E2) AAF AN R (A 7)) F

6. B8 :

7. 9084

9. Ota, T., Takagi, T. and Kosaka, S.

10.

11.

12,

13.

14.

15.

N 3
R e

A ghan) Ak 240 st 251

371(1991)
QA AL 2, 243(1990)

D FdYTAL A 3H 2 Frle 2o A3,
243(1993)

D EY A EA A2, 368(1992)

: Chan-
ges in lipids of young and adult Saury. Colo-
labis saira(Pisces), Mar. Ecol. Prog. Ser, 3,
11(1980)

Tsubouchi Toshihiko, Matsui Kanji, Kusaka
Hyosi : Changes in fatty acid composition
during the drying and smoking of Pacific
Saury, Yukagaku, 34(7), 563(1985)
Mizobuchi Munehiko, Kitada Yoshimi, et al.
: Composition of fatty acid in commercially
available fishes, Nara-ken Eisei Kenkyusho
Nenpo, 20, 56(1985)

Terao Junji, Kawanishi Masumi and Matsus-
hita Setsuro : Application of high-perform-
ance liquid chromatography for the esti-
mation of peroxidized phospholipids in sp-
ray-dried egg and muscle foods, J. Agric.
Food Chem., 35, 613(1987)

Matsuno Takao, Katsuyama Masaaki : Com-
parative biochemical studies of carotenoids
in fishes-XI

flying fish, mackerel

; Carotenoids of two species of
killfish, th-

ree-spined stickleback and chines eight-spin-

pike,

ed stickleback, Bulletin of the Japanese So-
ciety of Scientific Fisheries, 42(7), 761
(1976)

Yamanaka Hideaki : Polylamines as poten-
tial indices for freshness and decomposition
of saury pike (Cololabis saira) and Scallop
( Patinopecten yessoensis), Sci. Tech. Froid, 153
(1990)

Takuno Masami, Okta Shzuyuki :

in lipids during the drying of fishes using

Changes

the contact-dehydrating sheet Yukagaku,
39(6), 409(1990)



252

16.

17.

18.

19.

20.

21

22.

23.

%l -

Sajiki Junko, Takahashi Katsuhiro : In vitro
formation of methemoglobin by lipophillic
fractions in fisher and the causative sub-
stance, Eisei Kagaku, 37(6), 467(1991)
Yamanaka Hideaki, Shimakura Kuniyoshi, et
al. : Changes in non-Volatile amine contents
of the meats of sardine and saury pike dur-
ing storage, Bulletin of the Japanese Society
of Scientific Fisheries, 52(1), 127(1986)
Nagakura Katsuo : The variation of the fat
content of saury Cololabis saira in the nor-
the-eastern sea area of Japan, Tohoku-Kuik-
u suisan-kenkyujo kenkum-hokoku, 7, 54(19
56)

Park Yeung-Ho, Choi Su-An, et al. : Chan-
ges in contents of amines in the dark-fleshed
fish meat during processing and storage : 2.
Formation of dimethylamine and trim-
ethylamine in salted and dried mackerel pike
and spanish mackerel, Bull. Korean Fish Sco.,
14(1), 7(1981)

Lee S. Y., Byun S. M,, et al. : Contents of
histamine, total volatile bases and trim-
ethylamine in flesh fish and canned fish prod-
ucts, Bull. Korean Fish Soc., 18(3), 214(1985)
A. O. A. C. : Official Methods of analysis,
13th, ed., Association of Analytical Chem-
ists, Washington. D. C., 223(1980)

Folch, J., Lees, M. and Sloane-Stanley, G.
H.
purification total lipids from animal tissues,
J. Biol. Chem., 226, 497(1957)

Rouser, G., Kritchersky, G. and Simon, G. :

. A simple method for the isolation and

o
o

24.

25,

26.

27.

28.
29.

30.

31.

2 CERN

F9 P17

Quantitative analysis of brain and spinach
leaf lipids employing silicic acid column
chromatography and acetone for elution of
glycolipids, Lipids, 2(1), 37(1967)

Marnetti, G. V. : Lipid chromatography
Analysis, Marcel Dekker, Inc., New York,
118(1967)

Stahl, E. : Thin Layer Chromatography,
Academic Press, New York, 105(1969)
Amenta, J. S. : A rapid chemical method for
quantification of lipids separated by thin lay-
er chromatography, J. of Lipid Research, 5,
270(1964)

Patton, S. and Thomas, A. J. : Composition
of lipid foams swin bladders of two deep
ocean fish species, J. of Lipid Research, 12,
331(1971)

Cook E. P. : Analyst, 86, 373(1961)

Dittmer, J. C. and Lester, R. L. : A simple
specific spray for the detection of phosphol-
ipids on thin layer chromatograms, J. of Lip-
id Reserch, 5, 129(1964)

Metcalfe, L. D., Schmitz, A, A, and Palka J.
R. : Rapid preparation of fatty acid esters
from lipids for gas chromatographic analysis,
Anal. Chem., 38, 514(1966)

Park Young-Hee, Song Eun, et al. : Studies
on the changes of lipid constituents during
Gulbi processing, Korean J. Food Sci. Tech.,
18(6), 485(1986)

(19954 9¢ 64 +2))



