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The effects of deoxygenizer (Deoxy) and sodium-erythorbate (Na-ery) on the changes in fatty acid
compasitions were investigated to prevent the loss of n-3 polyunsaturated fatty acids in lipid of bolied
and dried-anchovy during storage.

After storage for 5 months, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) of total
lipid (TL) in Deoxy group decreased only 3.0% and 0.5%, respectively, compared to those of before
storage. However, those in Control group decreased 9.5% and 2.3%, respectively. In the case of Na-
ery group, the percentages of DHA and EPA decreased were lower than those of Control. Most of DHA
and EPA in TL was lost in the early stage of storage.

Total DHA remained in phospholipid (PL), triglyceride (TG), and free fatty acid (FFA) fractions after
storage for 5 months were 98%, 66% and 62% in Deoxy, Na-ery and Control group, respectively, and
total EPA remained was slightly high level compared with those of DHA. The loss of DHA was more
in PL than in TG.

Consequently, deoxygenizer was recognized as a good material to prevent the loss of DHA and EPA
of the boiled and dried-anchovy during storage.

Key words : boiled and dried-anchovy, lipid deterioration, deoxygenizer, sodium erythorbate,

docosahexaenoic acid, eicosapentaenoic acid

Introduction

Fish oil is characteristic of containing large amount
of n-3 polyunsaturated fatty acids (n-3 PUFAs) such
as eicosapentaenoic acid (20 : 5n-3, EPA) and docosa-
hexaenoic acid {22 : 6n-3, DHA), unlike terrestrial or-
ganism’s oil. Such the n-3 PUFAs are highly suscepti-
ble to oxidation and the resulting oxidative products
decrease the nutritional value and safety of fish and
fish products.

Although n-3 PUFAs play various physiological roles
for human being (Dyerberg et al, 1978; Bang et al,
1980; Hirai et al, 1980; Singer et al., 1983; Kremer
et al, 1985; de Brabo et al, 1991; Enslen et al,, 1991),

it is hard to expect enough physiological effects unless
taking the means of protection or suppression to the
lipid oxidation. For these reason, many workers have
proposed the use of antioxidants for the suppression
of lipid oxidation in fish and fish products (Lee et al,,
1965; Ke et al, 1977; Tsukuda, 1980). In recent year,
deoxygenizer, an oxygen absorber, has been develo-
ped as an agent to prevent lipid oxidation. The effect
of the agent has been observed for fish and fish pro-
ducts (Uchiyama et al, 1980; Suzuki et al, 1985;
Jeong et al, 1990)

In the proceeding work (Jeong et al,, 1995), authors
therefore applied the deoxygenizer to the boiled and
dried-anchovy and showed to suppress the increase
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of peroxide value and thiobarboturic acid value, and
the decrease of lipid contents during storage. In the
present study, changes in DHA and EPA of phospho-
lipid, triglyceride and free fatty acid fractions in the
boiled and dried-anchovy during storage were investi-
gated in detail to make clear the effect of deoxygeni-

zer.

Materials and Methods

Sample

The anchovy samples used for the fatty acid analy-
sis were the same ones that reported in the previous
paper (Jeong et el., 1995). Briefly, the anchovy boiled
on the ship was sun-dried for about 24 hrs. The boi-
led and dried anchovy were divided into three
groups. The first group was untreated with antioxi-
dant (Control group) and the second group was trea-
ted with 002% sodium-erythorbate (Na-ery group).
Samples of both groups were packed up in polyethy-
lene film bag (PE, 60 ym in thickness) and the openi-
ngs of the pack were heat-sealed. The sample of the
rest group was packed up with deoxygenizer (Ageless,
ZD-100, Mitsubish Gas Chemical Co.,, Inc.) in OPP/
AI/PE film bag(20/7/50 um in thickness, Deoxy
group). All samples were stored for 5 months at 20C.
TL was extracted according to the Bligh and Dyer
procedure (1995) and stored at —70C.

Lipid class fractionation

PL, TG and FFA fractions were separated from TL
by thin-layer chromatography (TLC). Briefly, an ali-
quot of a chloroform solution of TL was submitted to
preparative TLC plates coated Silica Gel G (20X20
cm, 0.25mm in thickness) and hexane/diethyl ether/
acetic acid (80 1 20 : 1, v/v/v) was used as a solvent
system. Triolein, linolenic acid and phosphatidylcho-
line were used as authentic lipids for identification of
lipid class {Sigma Chemical Co., St. Louis, MO, USA).
Lipids were visualized with 0.02% 2, 7'-dichlorofluo-

rescein in ethanol. The lipid classes separated were
scrapped off from the plates and extracted with chlo-
roform/methanol (2 2 1, v/v), and then converted to
the fatty acid methyl ester (AQCS, 1990). Methyl tri-
cosanoate (Nu-Chek Prep, Elysian, MN, USA) was
used to the quantitative analysis of DHA and EPA by
gas-liquid chromatography (AOCS, 1990).

Gas-liquid chromatography

The fatty acid compositions of TL and PL, TG and
FFA fractions were analyzed by GLC, using a Shima-
dzu GC 14A instrument (Shimadzu Seisakusho Co.
Ltd, Kyoto, Japan) equipped with a Supelcowax-10
fused silica wall-coated open tubular column (30 mX
0.32 i. d., Supelco, Inc., Bellefonte, PA, USA). The in-
jector and detector were held at 250C and column
was programmed from 180T to 230C at 1C/min. The
split ratio was 1:50. Helium was used as a carrier
gas at the constant inlet pressure of 1.0 Kg/cm®.

Results and Discussion

Fatty acid composition of TL of raw anchovy

The fatty acid compositions of TL of raw anchovy
are shown in Table 1. The prominent fatty acids were
DHA (22 : 6n-3), 16:0, EPA(20:5n-3), 18: 1n9
and 18 : 0, accounting for approximately 76% of total
fatty acids. Particularly, DHA (32.6%) was the most
abundant fatty acid. The fatty acid profile was similar
to those reported by Takiguchi (1987), but different
from those recorded in the Fatty Acid Composition
Table (Nationa! Fisheries Research and Development
Agency, 1989) and those reported by Lee et al. (19
86). These differences were considered to be due to
seasonal variation and difference in column used in
GLC analysis.

Changes in fatty acid compositions of TL of the
boiled and dried-anchovy
Changes in fatty acid compositions of TL in the
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boiled and dried-anchovy during storage are shown in
Tables 2, 3 and 4.

Before storage (initial), percentages of saturated
and monoenoic acids were 36.6% (mainly 16:0, 22.9
%) and 19.1% (mainly 18:n-9, 8.43%), respectively,
and those of polyenoic acids 44.4% (mainly DHA and
EPA, 29.2% and 8.04%, respectively). These fatty
acid compositions of TL were different from.those of
the raw anchovy. Percentages of saturated acids and
monoenoic acids in the boiled and dried-anchovy were
higher 3% and 1%, respectively, and those of polye-
noic acids lower 4% than those in the raw anchovy.
DHA, 16:0 and EPA of the fatty acids were attributed
greatly to their variation,

During storage, percentages of saturated and mo-
noenoic acids of TL in all samples increased, while
those of polyenoic acids decreased. After 5 months of
storage, percentages of saturated and monoenoic acids
of TL in Control group (Table 2) increased 8% and
5%, respectively, while those of polyenoic acids dec-
reased 13% compared with those of initial group. The
increase of the saturated and monoenoic acids was
mainly due to the increase of 16 : 0 and 18 : 1n-9 du-
ring storage. On the other hand, the decrease of DHA
and EPA was attributed to decrease in polyenoic
acids. Similar results were observed during drying
and storage of anchovy (Takiguchi, 1986, 1987, 1992),
mackerel (Shimizu and Kaneda, 1969; Tashiro and
Tsuyuki, 1984), flounder, whale and hairtail fish (Lee
et al, 1987), menhaden oil (Fritsche and Johnston,
1988) and yellow corvenia (Ro, 1988).

In the case of Na-ery group (Table 3), changes in
the fatty acid compositions of TL during storage sho-
wed similar patterns to those of Control group, but
the level of these changes was low compared with
those of the latter. Therefore, these results suggest
that Na-erythorbate, as an antioxidant, is effective to
some extent on suppression of lipid oxidation. On the
other hand, the fatty acid compsitions of TL in Deoxy
group (Table 4) during storage were only a little cha-
nges; after storage for 5 months, percentages of satu-
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rated and monoenoic acids increased 2.8% and 0.8%,
respectively, and those of polyenoic acids decreased
3.7% compared with those of initial. Thus, the level
of these changes in Deoxy was the lowest of all sam-
ples tested.

Fig. 1 shows changes in the polyenoic acids to the
saturated and monoenoic acids of TL in each sample
during storage, in order to illustrate more clearly on
the changes in fatty acid compositions.
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Fig. 1. Changes in polyenoic acids to saturated

and monoenoic acids of TL in the boiled
and dried-anchovy during storage.

During storage, the polyenoic acids decreased rapi-
dly in the early stage of storage (up to 1 month), and
then slowly. Therefore, the oxidation of DHA and
EPA rapidly occurred in the early stage of storage.
After 5 months of storage, the remaining rates of total
polyenoic acids were 59% in Control group, 66% in
Na-ery group and 86% in Deoxy group. These results
suggest that lipid oxidation progressed at the fastest
rate in Control group; lipid in Deoxy group was the
most stable for oxidation and that in Na-ery group
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was relativaly stable for oxidation compared with that
of Control group. Takiguchi (1992) reported that the
remaining rates of polyenoic acid of TL in the boiled
and dried-anchovy; which stored at 30C, 20T, 0C, —
20C and —30C for 8 months, were 58.1%, 65.7%,
630%, 61.0% and 89.5%, respectively, and the rates
descended rapidly in the early stage of storage (up to
1 month), and then slowly. In the present study, the
remaining rate of polyenoic acids of TL in Deoxy
group showed a similar level to that of TL stored at
—30C for 8 months, of the results reported by Taki-
guchi (1992). These results indicate that the boiled
and dried-anchovy enclosed deoxygenizer and stored
at 20C for 5months showed a similar effect against
lipid oxidation to that stored at —30C for 8 months
without deoxygenizer (Takiguchi, 1992). On the other
hand, Suzuki et al. (1985) reported that changes in
EPA and DHA of TL were not observed in sardine
oil, which enclosed deoxygenizer and stored 12 mon-
ths at 22C |, 2C and —30T.

Changes in fatty acid compositions of PL, TG and
FFA fractions

In order to make clear the lipid oxidation of the
boiled and dried-anchovy during storage, the fatty
acid compositions of PL, TG and FFA fractions were
analyzed in detail.

Table 5 shows changes in the fatty acid composi-
tions of PL in each sample after storage for 5 months.
The prominent fatty acids of PL in initial group were
similar to those of TL, but the percentage of DHA
was high about 5% compared to that of TL. After 5
months of storage, the percentages of saturated (mai-
nly 16 1 0 and 18 : 0) and monoenoic (mainly 18 : 1n-
9) acids of PL in Control group increased, while those
of polyenoic acids (mainly DHA and EPA) decreased
compared those corresponding to initial.

Particularly, DHA decreased 10.7% after 5 months
of storage. In the case of Na-ery group, changes in fa-
tty acid compositions of PL fractions were similar to

those of Control group. However, the decreasing rates
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of polyenoic acids such as DHA and EPA were lower
than those of Control group. On the other hand, cha-
nges in the fatty acid compositions of PL in Deoxy
group were little after 5 months of storage.

In the case of TG fractions (Table 6), the promi-
nent fatty acid compositions in initial group were sig-
nificantly different from those of PL; DHA (12.9%)
was one-third of that (34.9%) of PL, and 14 : 0 (86
%) and 16 : 1n-7 (7.82%) were more than those of
PL. Therefore, TG contained much more saturated
and monoenoic acids and less polyenoic acids than
those of PL. After 5 months of storage, changes in
these fatty acids in Control group showed similar pat-
terns to those of PL. However, it was of interest that
the percentage of EPA in TG decreased much more
than that in PL.

Changes in the fatty acid compositions of FFA frac-
tions in each sample during storage for 5 months are
shown in Table 7. The prominent fatty acids of FFA
in initial group were similar to those of PL. However,
the percentages of these fatty acids were significantly
different from those of PL; particularly, DHA (185%)
was corresponding to one-half of that of PL and 16 : 0
(29.2% ) much more compared with that of the latter.
In contrast to the case of PL and TG fractions, the
percentages of polyenoic acids such as DHA and EPA
in FFA fraction increased significantly after 5 months
of storage. The increasing rates of DHA and EPA in
FFA fraction were the highest in Deoxy group, while
those of the fatty acids the lowest in Control group.
These results show that DHA and EPA derived from
PL and TG mean to be lose the greatst in Control

group and the least in Deoxy group.

Changes in DHA and EPA contents of PL, TG and
FFA fractions

Changes in total contents of DHA and EPA of PL,
TG and FFA fractions in each sample after 5 months
of storage are summarized in Tables 8 and 9. The co-
ntents of DHA and EPA were calculated as mg/g lipid,
using a methyl tricosanoate by GLC (AOAC, 1990),
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Changes in n-3 Polyunsaturated Fatty Acids

Table 1. Fatty acid compositions of total lipid of raw anchovy
Fatty acid Area % Fatty acid Area %
12:0 0.08 £ 0.00 20 7 1n-7 0.15 £ 0.01
14:0 1.89 £ 0.02 22 ¢ 1n-11 0.09 £ 0.01
150 iso 0.07 = 0.00 22 1 1n-9 0.11 £ 0.00
15 0 anteiso 0.11 £ 0.00 22 1 1n-7 0.18 £ 0.00
15:0 021 +0.26 24 " 1n9 1.73 £ 0.09
16: 0 iso 0.07 £ 0.00 24 1n-7 0.84 £ 0.25
pristanic 0.23 = 0.00 Monoenes 180
16:0 206 £ 0.02
1720 iso 0.50 + 0.02 16 : 2n4 0.95 £ 0.02
17 © 0 anteiso 0.10 £ 0.01 17 - 2n-8 0.18 001
17:0 0.77 + 0.00 16 4n-3 0.31 £ 0.00
18:0 6.34 = 0.01 16 * 4n-1 0.11£0.01
19:0 0.10 + 0.00 181 2n-6 0.71 £ 0.01
2000 0.21 £ 0.00 18 2n4 0.10 £ 0.00
22:0 023 +0.01 18 : 3n4 0.09 £ 0.01
240 183 £0.05 18 3n-3 0.35 £ 0.01
Saturates 333 18 1 4n-3 0.55 = 0.01
20! 2n-6 0.16 + 0.01
14 1n-5 0.06 £ 0.00 20 : 4n-6 1.74 £ 0.00
16 . 1n-7(+9) 2.78 £ 0.02 20 : 4n-3 0.27 £ 0.01
16 . 1n-5 0.26 + 0.01 20 5n-3 855 + 0.05
17 1n-8 045 £ 0.01 211 5n-3 0.23 £ 0.01
18 1n-9 8.18 £ 0.00 22 5n-6 0.83 +0.36
18 . 1n-7 264 001 22 7 5n-3 0.95 + 0.02
18 In-5 0.11 £ 0.01 22 6n-3 3260 £ 0.16
201 1n-11 009+ 001 Polyenes 487
20 : 1n-9 032 £0.01

~i
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Table 2. Changes in fatty acid compositions of total lipid in Control group of boiled and dried-anchovy

during storage (Area %)
; Storage period(month)

Fatty acid 0 1 3 5
12:0 0.11 0.11 0.12 0.14
14:0 301 362 3.99 394
15:0 iso 0.12 0.14 0.15 0.16
157 0 anteiso 0.12 0.13 0.15 0.16
15:0 0.53 0.65 0.69 0.72
16 : 0 iso 0.10 0.12 0.13 0.14

Pristanic 0.23 0.21 0.22 0.21
16:0 22.90 27.10 26.50 27.70
170 iso 0.27 0.33 0.38 0.38
17 © 0 anteiso 0.12 013 0.29 0.21
17:0 0.86 1.02 1.00 1.06
18:0 6,03 7.12 6.79 6.96
19:0 0.14 0.15 0.22 0.20
20:0 0.31 0.34 0.37 0.37
22.0 0.22 0.23 0.24 0.28
240 1.55 1.66 1.68 1.95

Saturates 36.6 43.1 429 446
14 . 1n-5 : 0.06 0.07 0.06 0.07
16 . In-7(+9) 353 4.04 430 433
16 - 1n-5 0.23 0.25 0.28 0.31
17 . In-8 051 053 0.57 0.62
18 1n9 843 9.64 9.76 1040
18 I 1n-7 2.80 3.13 327 328
18 1n-5 0.16 0.18 0.20 0.20
20 : 1n-11 0.16 0.18 0.23 0.27
20 ¢ 1n-9 0.51 0.60 0.62 0.68
20 - 1n-7 0.23 0.19 0.31 0.28
22 . In-11 0.13 0.17 0.19 0.21
22 . 1n-9 0.19 0.15 0.28 0.17
22 1 In-7 0.17 0.12 0.19 0.20
24 . 1n9 1.33 1.72 1.73 1.82
24 1 1n-7 0.61 0.61 0.61 0.71

Monoenes 191 216 22,6 236
16 : 2n-4 0.96 1.00 112 1.08
17 2n-8 0.13 0.22 0.24 0.24
16 . 4n-3 0.39 0.36 0.38 0.37
16 - 4n-1 0.15 0.13 0.15 0.13
18 : 2n-6 0.89 0.89 0.95 0.96
18 : 2n-4 0.13 0.09 0.15 0.11
18 : 3n-4 0.11 0.02 0.16 0.15
18 - 3n-3 043 0.40 048 043
18 : 4n-3 0.68 0.57 0.28 049
20 - 2n-6 0.19 0.19 0.21 0.20
20 : 4n-6 1.12 0.97 0.52 0.95
20 : 4n-3 0.32 0.27 0.25 0.24
20 5n-3 8.04 6.36 6.29 5.76
21 5n-3 0.20 0.10 0.15 0.08
22 . 5n-6 0.56 0.42 045 0.38
22 . 5n-3 0.85 0.69 0.70 0.64
22 . 6n-3 29.20 22.50 22.00 19.70

Polyenes 444 35.2 345 319
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Table 3. Changes in fatty acid compositions of total lipid in Na-ery group of boiled and dried-anchovy

during storage (Area %)
. Storage period(month)

Fatty acid 0 1 3 5
12:0 0.11 0.08 0.11 0.14
14:0 301 329 3.26 3.65
15:0 iso 0.12 0.13 0.13 0.15
15 : 0 anteiso 0.12 0.08 0.13 0.13
15:0 0.53 0.60 0.60 0.67
16 .0 iso 0.10 0.12 0.11 0.13

Pristanic 0.23 0.23 0.24 0.19
16.0 2290 25.30 25.10 26,50
170 iso 0.27 0.37 0.35 0.20
17 © 0 anteiso ) 0.12 0.26 0.26 0.13
17:0 0.86 1.01 0.98 1.00
18:0 6.03 7.05 6.74 6.93
19:0 0.14 0.24 0.25 0.13
20:0 0.31 0.37 0.35 0.36
22.0 0.22 0.29 0.26 0.26
24.0 1.55 1.70 1.90 1.78

Saturates 36.6 41.1 40.8 424
14:1n5 0.06 0.06 007 . 0.05
16 : In-7(+9) 353 3.80 384 4.19
16 . 1n-5 0.23 0.27 0.28 0.26
17 In-8 051 0.60 0.64 0.54
18 : 1n-9 843 9.17 9.51 10.40
18 : 1n-7 2.80 3.18 3.4 327
18 1n-5 0.16 0.18 0.18 0.20
20 . In-11 0.16 0.23 0.22 0.23
20 . 1n9 0.51 0.58 0.56 0.65
20 : 1n-7 0.23 0.27 0.28 0.30
22 1n-11 0.13 0.19 0.14 0.24
22 . 1n-9 0.19 0.25 0.24 0.20
22 . 1n-7 0.17 0.19 0.20 0.22
24 : 1n-9 133 1.67 1.74 1.84
24 . 1n-7 0.61 0.68 0.72 0.75

Monoenes 19.1 213 218 233
16 . 2n4 0.96 1.05 1.12 1.05
17 : 2n-8 0.13 0.24 0.21 0.23
16 : 4n-3 0.39 0.37 043 0.31
16 : 4n-1 0.15 0.14 0.14 0.11
18 : 2n-6 0.89 0.93 0.90 1.01
18 : 2n-4 0.13 0.14 0.14 0.07
18 : 3n4 , 0.11 0.17 0.17 0.07
18 1 3n-3 043 051 0.53 0.42
18  4n-3 0.68 0.62 0.56 0.56
20 . 2n-6 0.19 0.21 0.22 0.19
20 : 4n-6 1.12 1.07 1.03 1.00
20 : 4n-3 0.32 0.29 0.28 0.24
20 : 5n-3 8.04 6.79 6.77 6.34
21 . 5n-3 0.20 0.17 0.20 0.29
22 . 5n-6 0.56 0.50 047 041
22 . 5n-3 0.85 0.77 0.75 0.78
22 . 6n-3 29.20 23.60 23.60 21.20

Polyenes 444 376 375 343
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Table 4. Changes in fatty acid compositions of total lipid in Deoxy group of boiled and dried-anchovy

during storage (Area %)
. Storage period(month)

Fatty acid 0 1 3 5
12:0 0.1 0.10 0.11 0.12
14:0 301 2.96 3.28 341
15:0 iso 0.12 0.11 0.13 0.13
15 0 anteiso 0.12 0.12 0.12 0.13
15:0 053 0.54 0.56 0.59
16 .0 iso 0.10 0.10 0.11 0.11
Pristanic 0.23 0.25 0.20 021
16:0 22.90 23.90 23.20 24.80
17:0 iso 0.27 0.32 0.32 0.33
17 1 0 anteiso 0.12 0.18 0.19 0.19
17:0 0.86 0.92 0.90 093
18:0 6.03 6.68 6.14 6.20
19:0 0.14 0.24 021 0.16
2000 0.31 0.31 0.32 0.30
22:0 0.22 0.23 0.24 0.21
24:0 1.55 1.67 159 1.60

Saturates 36.6 38.6 376 394
141 1In-5 : 0.06 0.06 0.07 0.07
16 : 1n-7(+9) 353 343 367 373
16 - In-5 0.23 0.26 0.26 0.26
17 1n-8 051 0.50 0.56 061
18 : 1n-9 843 874 8,67 8.53
18 . 1n-7 2.80 297 2.89 2.84
18- In5 0.16 0.16 0.18 0.16
20 In-11 0.16 0.18 021 0.17
20 . In9 0.51 0.53 0.60 0.56
20 . 1n-7 0.23 0.23 0.26 0.23
22 . 1n-11 0.13 0.14 0.18 0.16
22 . 1n9 0.19 021 0.27 0.22
22 . 1n-7 0.17 0.17 0.19 0.16
24 . 1n-9 1.33 143 1.55 149
24 1n-7 0.61 0.72 0.66 0.71

Monoenes 19.1 19.7 202 19.9
16 - 2n-4 096 095 0.98 097
17 - 2n-8 0.13 0.21 0.21 0.21
16 : 4n-3 0.39 0.39 0.30 0.33
16 : 4n-1 0.15 0.14 0.12 0.11
18 2n-6 0.89 0.89 098 097
18 1 2n4 0.13 0.14 0.14 0.11
18 - 3n4 0.11 0.11 0.13 0.12
18 1 3n-3 043 047 0.53 0.51
18 7 4n-3 0.68 0.60 0.75 0.73
20 - 2n-6 0.19 0.20 0.21 0.19
20 : 4n-6 1.12 113 1.11 1.02
20 : 4n-3 0.32 0.31 0.36 0.30
20 : 5n-3 8.04 726 781 747
21 5n-3 0.20 0.20 0.21 0.19
22 . 5n-6 0.56 0.59 055 051
22 5n-3 0.85 0.81 0.84 0.79
22 : 6n-3 29.20 27.30 27.00 26.20

Polyenes 444 417 422 40.7
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Table 5. Fatty acid compositions of phospholipid of boiled and dried anchovy after storage for 5 mon-

ths (Area %)
. Samples
Fatty acid Initial Control Na-ery Deoxy
14:0 1.96 2.70 2.75 1.76
150 iso 0.08 0.11 0.11 0.07
15 . 0 anteiso 0.11 0.15 0.13 0.10
15:0 045 0.63 0.60 044
16 0 iso 0.10 0.06 0.12 0.05
Pristanic 0.32 0.13 0.17 0.21
16:0 22.80 26.40 24.90 22.50
1720 iso 0.23 0.34 0.25 0.24
17 - 0 anteiso 0.18 0.16 0.09 0.10
17:0 0.81 0.94 0.94 0.80
18:0 6.11 7.01 7.01 5.98
19:0 0.09 0.29 0.13 0.11
20:0 0.17 0.28 0.33 0.17
22:.0 0.11 0.36 0.36 0.14
24:0 151 242 2.26 1.69
Saturates 35.0 420 40.2 344
14 1n-b 0.10 0.07 0.09 0.04
16 1n-7(+9) 2.89 397 367 271
16 - In-5 021 0.21 0.19 0.19
17 - 1n-8 0.38 0.57 0.51 040
18 1n-9 8.19 11.00 10.70 8.89
18 1 1n-7 298 3.60 3.68 3.08
18 1n-5 0.08 0.11 0.14 0.09
20 . In9 0.22 0.46 049 0.22
20 . In-7 tr 0.24 0.20 0.20
24 . 1n9 118 1.87 1.84 1.32
24 . 1n-7 0.53 0.77 0.78 0.72
Monoenes 16.8 229 223 179
16 - 2n-4 0.69 0.67 0.78 0.58
17 . 2n-8 0.14 0.19 0.19 0.16
16 © 4n-3 0.53 0.19 031 0.35
16 © 4n-1 0.23 0.12 0.17 0.13
18 ° 2n-6 0.78 0.87 0.88 111
18 : 3n-3 0.32 0.29 0.34 042
18 7 4n-3 0.34 0.36 0.35 0.36
20 : 2n-6 017 tr tr tr
20 . 4n-6 117 112 117 1.07
20 . 4n-3 0.16 0.23 0.15 0.24
20 : 5n-3 7.30 6.01 6.19 7.08
22 . 5n-6 0.56 0.44 0.46 0.63
22 . 5n-3 0.82 0.65 0.76 0.85
22 . 6n-3 3490 24.20 25.80 34.80
Polyenes 481 353 376 478
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Table 6. Fatty acid compositions of triglyceride of boiled and dried anchovy after storage for 5 mon-

ths (Area %)
. Samples
Fatty acid Initial Control Na-ery Deoxy
12:0 0.66 0.71 091 0.50
14:0 8.60 10.70 10.60 9.00
150 iso 0.34 0.46 043 0.35
15 . 0 anteiso 031 0.42 0.36 0.31
15:0 1.00 131 129 1.04
16- 0-iso 0.23 0.30 0.12 0.24
16:0 21.00 2540 25.00 2240
1720 iso 045 0.57 047 040
17 . 0 anteiso 0.22 0.29 0.23 0.21
Phytanic 113 122 1.02 1.05
17:0 101 122 113 1.04
18:0 5.10 6.03 5.21 5.13
19:0 0.22 0.19 0.15 0.12
20:0 0.72 0.78 0.63 0.57
22:0 042 045 0.42 0.17
Saturates 414 50.1 480 42.5
14 1n-5 0.10 0.34 0.35 0.09
16 In-7(+9) 7.82 8.56 8.25 771
16 . In-5 0.20 0.24 0.23 0.20
17 . 1n-8 0.88 0.44 044 0.67
18 . 1n9 _ 8.76 10.50 10.50 9.02
18 1n-7 2.72 3.05 273 2.69
18 1n-5 027 0.34 0.35 0.29
20 In-11 0.50 0.58 041 0.39
20 1n-9 117 1.57 1.35 1.20
20 . In-7 0.57 0.66 0.54 049
22 1 1n-11 040 0.64 0.39 0.23
22 1n-9 0.56 041 0.59 0.25
24 . 1n-9 172 1.93 217 177
Monoenes 25.7 293 28.3 25.0
16 . 2n-4 0.63 0.57 0.56 0.64
17 . 2n-8 0.29 0.37 0.33 0.31
16 - 4n-1 0.60 0.46 0.54 0.59
18 © 2n-6 1.66 1.59 1.61 1.62
18 3n-3 114 0.88 0.98 1.18
18 - 4n-3 217 1.51 177 233
20 : 2n-6 0.19 0.06 0.22 0.12
20 : 4n-6 0.71 0.50 0.50 0.67
20 : 4n-3 0.55 0.32 0.44 0.53
20 : 5n-3 10.50 5.92 6.71 10.30
22 5n-6 0.52 0.34 0.35 0.45
22 . 5n-3 1.01 0.65 0.72 0.90
22 . 6n-3 12.90 754 897 12.80
Polyenes 329 20.7 237 324
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Table 7. Fatty acid compositions of free fatty acids of boiled and dried anchovy after storage for 5

months (Area %)
. Samples
Fatty acid Initial Control Na-ery Deoxy
14:0 445 3.00 2.65 227
150 iso 0.56 0.19 0.14 0.09
151 0 anteiso 0.68 0.12 0.16 0.12
15:0 170 1.29 1.09 0.70
16 1 0 iso 0.65 0.19 0.17 0.10
16:0 29.20 28.80 27.70 25.90
17:0 iso 033 0.34 0.27 0.23
17 0 anteiso 0.30 0.19 0.12 0.08
17:0 1.33 1.33 1.12 0.87
18:0 843 7.98 8.48 5.65
19:0 0.18 0.13 0.12 0.09
20:0 0.54 0.35 0.30 021
22:0 112 0.56 0.16 0.31
24:0 111 1.25 1.46 0.95
Saturates 50.6 45.7 42 376
16 1n-7(+9) 464 4.26 422 3.28
16 . In-5 0.30 0.23 0.24 0.20
17 : In-8 0.76 1.00 0.81 0.55
18 1n9 8.12 9.24 942 8.02
18 ¢ in-7 217 2.25 232 2.18
18:1n5 0.14 0.68 0.26 0.09
20 1n9 044 0.27 0.20 0.15
24 1n-9 113 113 148 0.85
24 1n-7 022 0.58 0.42 0.38
Monoenes 179 19.0 194 15.7
16 * 2n-4 0.98 0.60 0.60 0.56
17 2n-8 0.22 0.18 0.18 0.16
16 - 4n-1 0.31 0.04 0.19 0.07
18 ¢ 2n-6 0.96 1.36 145 117
18 : 3n-3 0.32 0.35 0.37 040
18 : 4n-3 0.84 0.38 049 045
20 . 4n-6 115 1.20 115 1.37
20 4n-3 0.18 0.12 0.14 0.27
20 . 5n-3 7.06 7.67 771 9.87
22 . 5n-6 0.19 042 0.39 0.50
22 . 5n-3 0.71 0.77 0.72 0.88
22 6n-3 1850 22.20 23.10 30.90
Polyenes 314 35.3 365 46.6
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‘Table 8. EPA contents of PL, TG and FFA fractions in each sample of boiled and dried anchovy after

storage for 5 months

Class Initial Control Na-ery Deoxy
PL 262! 197(75% )* 188(72%) 235(90% )
TG 124 35(28%) 49(40%) 122(98%)
FFA 5 16 27 28

Total 391 248(63%) 264(68% ) 385(98% )

'Milligram per 100g sample.
ZPercentage remaining compared to Initial.

Table 9. DHA contents of PL, TG and FFA fractions in each sample of boiled and dried anchovy after

storage for 5 months

Class Initial Control Na-ery Deoxy
PL 1229' 778(63% )? 774(63%) 1131 92%)
TG 149 44(30%) 64(43%) 149(100% )
FFA 12 45 79 87

Total 1390 867(62%) 917(66% ) 1367( 98%)

', 2See the foothnotes in Table 8.

and then converted to mg/100 g sample. The EPA co-
ntents of PL, TG and FFA fractions in initial group
were 262 mg, 124mg and 5mg/100g, respectively,
and those of DHA were 1,229 mg, 149 mg and 12 mg/
100 g, respectively. Thus, DHA and EPA were rich in
PL compared with TG. After 5 months of storage, the
contents of DHA and EPA decreased the greatest in
Control group; DHA decreased from 1,229 mg to 785
mg in PL and from 149 mg to 44 mg in TG, and EPA
decreased from 262 mg to 199 mg in PL and from 124
mg to 35mg in TG. In contrast to these results, the
contents of DHA and EPA in FFA fraction in Control
group increased during storage; DHA increased from
12mg to 45mg and EPA from 5mg to 16 mg after
storage for 5 months. Therefore, DHA and EPA con-
tents during storage decreased in PL and TG, while
those in FFA increased. These changes showed simi-
lar patterns in the cases of Na-ery and Deoxy group
during storage, but the level of these changes was di-
fferent from each other; the contents of DHA and
EPA decreased were the least in Deoxy group and

less in Na-ery group compared with those in Control
group. Total contents of DHA and EPA remained in
PL, TG and FFA fractions were 867 mg and 248 mg,
respectively, in Control group, 917 mg and 264 mg,
respectively, in Na-ery group and 1,367 mg and 385
mg, respectively, in Deoxy group, after storage for 5
months. Therefore, the decreasing rate of DHA in all
samples was higher in PL than in TG, while that of
EPA higher in TG than in PL. On the other hand, the
remaining rates of DHA and EPA in each sample after
5 months of storage were 62~63% in Control group,
66~68% in Na-ery group and 98% in Deoxy group
compared with those in initial group. These results
show that the loss of DHA and EPA was 37~38% in
Control group, 32~34% in Na-ery group and only 2%
in Deoxy group after storage for 5 months.

In general, lipid oxidation rapidly occurs in the fatty
acids containing the more double bonds compared
with those containing the less double bonds (Miya-
shita and Takagi, 1986; Cho et al, 1987).

From these results, DHA and EPA in Deoxy

790



II. Changes in n-3 Polyunsaturated Fatty Acids

group were protected perfectly from lipid oxidation
for 5months of storage. Hence, the use of deoxgeni-
zer is recommended for suppression of lipid deterio-
ration by oxidation during long-term storage of the
boiled and dried-anchovy.
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