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As a series of studies on improving quality of seasoned-dried Pacific saury, fatty acid com-
positions and taste compounds of the seasoned-dried saury treated with liquid smoke (T2
product) were examined during storage, comparing with control (C, seasoning only). In the
both samples, the major fatty acids were 22:6n-3, 16:0, 22:1n-11, 207 In-11, 18:1n-9, 14:0, 20:5
n-3 and 16:1n-7. The contents of saturated fatty acids in C and T2 increased with increasing
storage period, while those of polyunsaturated fatty acids decreased. After drying, the contents
of 7 non-volatile organic acids contents detected in this study decreased, and the others of
non-volatile organic acids, except for malic and citric acids, in both C and T2 decreased with
storage period. The contents of nucleotides and their related compounds in both C and T2
decreased with increasing storage period. The content of total free amino acids in raw sample
was 556.96 mg/100 g and increased up to 895.77 mg/100 g and 958.40 mg/100 g in C and T2,
respectively, after drying, and total contents of free amino acids in both C and T2 somewhat
decreased after 60 days of storage.

Key words: Seasoned-dried Pacific saury, Liquid smoke, Taste compounds, Fatty acid
compositions

Introduction

A long with the beginning of civilization in the
west, smoking and liquid techniques have been used
in most of their lifes as a means of preservation
and flavoring (Sink, 1979), and numerous studies
have been conducted for its antioxidative and anti-
microbial effects. Additionally, unique flavor and
taste of smoked products have rapidly been more
popular, and several studies about application of
liquid smoke were attempted to enhancer quality
stability of dried shellfishes such as filefish (Lee et
al,, 1982), baby clam (Lee et al., 1984a), sea mussel
(Lee et al, 1983b) and oyster (Lee et al, 1983a)
after treating with liquid smoke.

However, among dark fleshed fishes, there have
not been researched about storage stability of Paci-
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fic saury with liquid smoke. For the research with
Pacific saury, there were only a few studies about
changes of TMA and DMA contents (Park et al,
1981a) after hot-air drying and changes of hista-
mine contents (Park et al, 1981b) in Pacific saury.

Therefore, if a simple and modified technique
using liquid smoke should be applied to Pacific
saury successfully, it could be beneficial to fishery
processing field.

The objective of this study is to examine fatty
acid and taste compounds of seasoned-dried Pacific
saury treated with liquid smoke during storage, as
a series of studies on improving quality of sea-
soned-dried Pacific saury.

Materials and Methods

Materials
Pacific saury (Cololabis saira 28+ cm length, 93 £
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6 g weight) and liquid smoke (Scansmoke PB 2110)
were treated with same methods described in pre-
vious paper (Cha et al, 2001) for processing of
smoked and seasoned-dried products.

Processing of seasoned-dried Pacific saury

Two types of seasoned-dried Pacific saury in-
cluding control (C, treatment of seasoning only)
and T2 (treatment with 5% liquid smoke after sea-
soning) were produced. More details of processing
procedure have been described in previous paper
(Cha et al, 2001). Two products completely pro-
cessed were packaged with 300g each unit in a
polypropylene film (0.08 mm thickness) and stored
at ambient temperature (19+5C) during 80 days.

Analysis of fatty acid compositions

Total lipid extraction was followed by Bligh and
Dyer method (1959), and then fatty acid compo-
sition was determined by a method of Suzuki et al.
(1985) using 200 mg of oil extracted. GC (HP 6890,
Hewlett-Packard Co., USA) (splitless mode; helium
carrier gas at 2.5 mL/min), equipped with a HP-
INNOWax™ capillary column (30 m lengthX0.32
mm i.d.X0.5 ym film thickness) was used for an-
alysis of the fatty acids. Oven temperature was pro-
grammed at 180T initially (10 min hold), increased
to 230C at 3C/min (15 min hold). Injection port
and detector (FID) temperatures were set at 250C,
respectively. Quantification of each fatty acid re-
garded a united peak of retention time in chroma-
togram of sample was appeared as area percent to
total area percent.

Analysis of non-volatile organic acids

Non-volatile organic acids were analyzed by a
modified method of Lee et al. (1993). Ten g of sam-
ple were put into a mortar with 50 mL of ethanol,
homogenized for 2 min and filtered (Whatman No.
2). The filtered solution were taken up, and 10 mL
of 80% ethanol were added to the residue. It was
homogenized for 2 min and had filtration, and these
procedure were conducted 3 times more. Each of the
filtered solution was gathered and made to 100 mL
with distilled water. Fifty mL taken were dehydrated
to about 2mL on a vacuum rotary evaporator
(Eyela, N-INW, Tokyo Rikakikai Co., Ltd, Japan)
and completely dried in vacuum desiccator. Methy-

lation was led using 14% BFs/ethanol solution
(Sigma Chemical Co., USA) for 30 min at 80T.
After standing for 10 min at ambient temperature,
the sample were transferred by using 4 mL of 70%
saturated ammonium sulfate and 5 mL of chloro-
form to a separating funnel. It was shaken for 1 min
and stood for 5min in order to shift methyl ester
of organic acid to chloroform layer. After that, the
chloroform layer were taken up and dehydrated by
Na,SO., and 1 mL of chloroform including methyl
laurate (Sigma Chemical Co., USA) as a internal
standard was added to dehydrated chloroform. The
solution was concentrated to 1 ml. by N, gas and
used for analysis of GC. GC (HP 6890, Hewlett-
Packard Co., USA) (splitless mode; helium carrier
gas at 1.2 mL/min constant flow) was equipped with
a HP-INNOWax™ capillary column (30 m length X
032mm id.X0.5yum film thickness). Oven tem-
perature was programmed at 50C initially (1 min
hold), increased to 230C at 10C/min (8 min hold).
Injection port and detector (FID) temperatures were
set at 200 and 250C, respectively. Duplicate analyses
were performed on each extract.

Identification and quantification of non-volatile
organic acids regarded a united peak of retention
time in chromatogram of sample and standard or-
ganic acids (Sigma Chemical Co., USA) injected at
the same conditions, and the quantitative analysis
of organic acids was followed by Cho (1983).

Analysis of nucleotides and their related com-
pounds

Nucleotides and their related compounds were
determined by the method of Lee et al. (1984b).
The analysis of HPLC were followed by conditions:
HPLC column, HP ZOBAX™ column (XDB-CI8,
Hewlett Packard, USA); mobile phase, 1% triethy-
lamine phosphoric acid buffer solution (pH 6.5);
flow rate, 1 mL/min. Positively identified compounds
were determined using comparison of retention time
for each compound relative to the standard com-
pound and quantified by peak area using standard
calibration curve.

Analysis of free amino acids

Free amino acids were determined according to a
modified method of Lee et al. (1981), and the free
amino acids was quantitatively analyzed using ami-
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no acid analyzer (Biochrom20, Pharmacia Biotech,
USA).

Results and Discussion

Changes of fatty acid compositions during sto-
rage

The compositions of total fatty acids of seasoned
-dried Pacific saury during storage are shown in
Table . In the both samples, the major fatty acids
were 22.6n-3, 16:0, 22:1n-11, 20:1n-11, 18:1n-9, 14:0,
20:5n-3 and 16:1n-7. Lee et al. (1986b) and Jeong
et al. (1998) reported that the main fatty acids in
lipid of sardine were 16:0, 161, 18:1, 20:5 and 22:6,
and the contents of polyunsaturated fatty acids
(PUFA) including 20:5 and 22:6 in sardine were
higher than those of other fishes, which is similar
to the main fatty acids in Pacific saury in this
study. The content of monounsaturated fatty acids
(MUFA) (36.1~41.1% range) were the highest in
the total fatty acids of both C and T2 seasoned-
dried products, and PUFA (31.7~33.6% range) and
saturates (17.3~26.1%
order. In the saturated fatty acids (SFA), the
content of 14:0 (44~62% range) and 16:0 (8.8~
14.6% range) were higher than those of the others,
and the contents of SFA in both C and T2
increased after 60 days of storage. In the MUFA, the
content of 22:In-11 (74~132% range) was the
highest, and 20:1n-11 (4.8~8.8% range) and 18:1n-
9 (3.6~68% range) were followed in order, and the
content of MUFA in C somewhat decreased after 60
days of storage, while that in T2 increased but not
much. In the PUFA, the contents of 22:6n-3 (10.9~
157% range) and 20:5n-3 (4.1~4.7% range) were
higher, and the contents of PUFA (particularly 22:6
n-3) in both C and T2 decreased with increasing
storage period but not significantly. As mentioned
above, whereas increase in SFA, decrease trend in
PUFA during storage is considered due to its
unstable double bonds. According to Suh and Lee
(1994), the contents of SFA and MUFA in dried
conger ¢el increased with increasing storage period,
while that of PUFA decreased. The report of Lee et
al. (1989) about effects of antioxidant agents in
dried anchovy was also similar to these results.
According to Lee et al. (1986b), also, the composi-
tions of SFA and MUFA in winter decreased be-

range) were followed: in

Table 1. Change of fatty acid compositions of
seasoned-dried Pacific saury during
storage (area %)
) c? T2

Fatty acids 15days 60days 15days 60 days
14:0 53 6.2 44 4.6
15:0 iso 0.2 0.3 02 0.3
15:0 0.6 0.7 03 0.6
16:0 iso 0.1 0.1 0.1 0.1
16:0 142 14.6 8.8 13.3
17:0 iso 0.6 0.1 0.7 0.4
17:0 0.5 0.5 0.3 04
18:0 33 3.0 1.7 2.5
20:0 0.1 0.3 0.2 0.3
22:0 0.3 0.3 04 0.5
Saturates 25.2 26.1 17.3 23.1
14:1n-7 1.6 0.3 1.8 0.5
15:1n-8 0.1 0.1 0.1 0.1
16:1n-9 2.2 1.8 2.0 34
16:1n-7 4.2 0.7 35 1.5
16:1n-5 02 0.3 0.2 0.3
17:1n-10 0.5 03 04 0.5
17:1n-8 0.2 0.1 0.2 0.1
18:1n-9 5.2 6.8 3.6 5.8
18:1n-7 1.6 22 0.9 2.3
18:1n-5 1.0 03 0.7 04
20:1n-11 7.3 8.8 6.7 4.8
20:1n-9 1.6 1.6 1.6 1.1
20:1n-7 0.5 04 04 0.6
22:1n-11 10.1 132 10.0 74
22:1n-9 0.5 0.9 0.5 0.8
22:1n-7 0.1 04 04 0.6
24:1n-7 43 1.1 29 2.6
Monoenes 41.1 39.2 36.1 373
18:2n-9 1.6 04 1.5 0.8
18:2n-6 1.7 2.6 1.1 1.6
18:3n-4 0.7 0.4 0.5 0.5
18:3n-3 - 1.5 1.5 1.6 1.5
18:4n-3 38 2.6 43 3.0
20:2n-6 0.5 0.8 1.3 0.5
20:3n-3 0.2 03 0.9 0.5
20:4n-6 0.8 12 2.2 1.5
20:4n-3 09 0.8 14 1.1
20:5n-3 44 4.7 4.1 44
21:5n-3 0.2 1.1 0.5 1.5
22:5n-6 0.3 0.5 0.3 1.4
22:5n-3 14 3.1 0.9 2.5
22:6n-3 15.7 13.2 13.0 10.9
Polyenes 336 332 335 31.7

YC; control (seasoning only), T2; treatment of
liquid smoke after seasoning, refer to Cha et al.
(2001).

cause of decrease of triglyceride, which has accumu-
lated in sardine muscles, whereas they increased by
increase of accumulated lipid in summer. Lee et al.
(1986a) reported that the contents of 20:5 and 22:6
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were kept high levels although dried-anchovy was
produced through the processing of boiling and
drying. Furthermore, Lee et al. (1987) reported that
in the dried filefish and smelt products, the com-
positions of 16:0 and 18:1 were high in SFA and
MUFA, while those of 18:2, 205 and 22:6 were
high in PUFA.

Changes of non-volatile organic acids during
storage

The contents of non-volatile organic acids during
storage are shown in Table 2. In raw and seasoned-
dried products, total 7 non-volatile organic acids
were detected. In the raw sample, the content of
citric acid (13,646.22 mg/100g) was highest and
occurred 82.5% of total non-volatile organic acids
detected, and lactic acid (1,681.93 mg/100 g), which
is known as a main compound having the highest
content in dark fleshed fishes, and malic acid
(1,145.16 mg/100 g) were followed in order. After
drying, most of non-volatile organic acid contents in
raw decreased. Ryu and Lee (1978) reported that
the contents of succinic acid, malic acid and lactic
acid in raw decreased up to 40% of total contents
of non-volatile organic acids during boiling and
drying processing of sea mussel. In the changes of
non-volatile organic acid contents in seasoned-dried
products (C and T2) during storage, the contents of
most of non-volatile organic acids, except for malic
acid and citric acid, in both C and T2 decreased
with increasing storage period. Especially, decrease
of lactic acid was significant, and this is thought
that lactic acid, which have been accumulated in
fish meat, is degraded and converted into various

short chain acids during drying processing and
storage (Park et al., 1994). With increasing storage
period, the contents of citric acid and malic acid
increased. This is considered that free amino acids
are generated and degraded from protein of fish
meats by enzymatic action, and then organic acids

- generated by deamination of these free amino acids

(Park et al, 1994), but further study should be
needed to be carried out in this part. On the other
hand, succinic acid known as a substance asso-
ciated with TCA cycle and also a main organic acid
of shellfishes (Park et al., 1994) was detected in low
amounts.

Changes of Nucleotides and their related com-
pounds during storage

The contents of nucleotides and their related
compounds in seasoned-dried Pacific saury during
storage are shown in Table 3. The content of
hypoxanthine (34.55mg/100g) in raw sample was
highest, and IMP and inosine were followed in
order. This is considered that hypoxanthine is
accumulated through the course of typical ATP
degradation (Park et al, 1994), and the content of
IMP was relatively higher than those of the other
compounds in raw sample by AMP deaminase
activity (Lee et al,, 1981). On the other hand, after
seasoning and drying, ATP was not detected in both
C and T2, and the content of ADP in products
increased. The contents of AMP, inosine and
hypoxanthine somewhat decreased after processing,
but that of IMP decreased seriously, which might be
thought by action of 5’-nucleotide phosphatase (Lee
and Han, 1972). Lee (1968) reported that during

Table 2. Changes of non-volatile organic acids in raw and seasoned-dried Pacific saury during
storage” (mg/100 g, dry basis)
Raw c? T2
material 15 days 60 days 15 days 60 days

Lactic 1,681.93 £ 157.00 208.00 £31.10 16600224 309.18 £ 14.13 120.69 + 1.39
Oxalic 2992+ 7.60 2694022 1.17+0.00 425+026 N/D
Malonic 251£0.10 0711007 N/D 0.36+0.12 N/D
Fumaric 5201088 N/D? N/D 0.71+£0.02 N/D
Succinic 3144+ 131 3.39+0.38 276+ 0.04 4351013 3.16%049
Malic 1,145.16 + 36.70 111797 +42.34 1,543.08 + 6.83 1,064.98 + 1.86 1,599.18 £2.31
Citric 13,646.22 + 80.30 9,957.36 + 546.64 12,312.96 +201.47 11,753.95 £ 205.07 18,999.19 +418.58
Total 16,542.38 11,290.12 14,025.97 13,137.78 20,722.22

"Mean value+S.D. (n=3).
Y Refer to comment in Table 1.
¥ Not detected.
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Table 3. Changes of contents of nucleotides and
their related compounds in raw and sea-
soned-dried Pacific saury during storage”

(mg/100 g, dry basis)

Raw e L.
maeriall  Oday  60days Ody  60days

ATP 0814003 ND”  ND ND ND
ADP 2302002 250:004 0162000  233+002 0.05+000
AMP 3892004 1371006 038£000 1871016 030000
IMP 069£030 2031002 021000 517008 030£000
Inosine 1450015 1026£003 097£000 12542002 084+000
Hypoxanthine 34551037 2575+006 747+005 2025£003 7531001
Total 86.74 4191 9.19 4216 9.02

"Mean value+S.D. (n=3).
PRefer to comment in Table 1.
Y Not detected.

hot-air drying the decrease rate of IMP is suddenly
faster than those of other drying methods. In the
changes of nucleotides and their related compounds
contents during storage, the contents of nucleotides
and their related compounds in both C and T2
decreased with increasing storage period due to
continuous degradation courses, and sensory quality
of seasoned-dried products could be affected by
decrease trends of these taste compounds during
storage. However, the contents of differences bet-
ween C and T2 were not significant during storage.

Changes of Free amino acids during storage

The changes of contents of free amino acids in
seasoned-dried Pacific saury during storage are
shown in Table 4. The content of total free amino
acids in raw sample was 556.96 mg/100 g, and after
drying, increased up to 895.77 mg/100 g and 958.40
mg/100g in C and T2, respectively. In the free
amino acids in raw, the content of taurine was the
highest, and alanine, glutamic acid, leucine, valine
and arginine were followed in order. After season-
ing and drying, the content of glutamic acid (44.64
mg/100 g) extremely increased to 459.83~474.20 mg/
100 g which occupied 42.0~51.7% of total free
amino acids in dried products. These trend was
thought due to the effect of MSG added to fish
meat during seasoning. Lee (1968) reported that
these increase of amino acids after drying might be
degree of strength of autolysis. In the changes of
free amino acids in C and T2 during storage, total
contents of them in both C and T2 somewhat
decreased with increasing storage period, but not

Table 4. Changes of contents of free amino acids
in raw and seasoned-dried Pacific saury

during storage (mg/100 g, dry basis)
Raw ¢’ n

Amino acids materiadl  O0day  60days Oday 60 days
Taurine 17518 8546 5932 1125 96.76
Urea 8.56 6.33 0.00 387 0.00
Aspartic acid 1030 582 8.08 563 8.54
Threonine 2378 212 2645 2386 3127
Serine 2091 2318 3036 2673 385
Glutamic acid 464 47420 3BST3 45983 30427
e-Aminoadipic acid 1.28 128 139 0.84 2.55
Proline 200 1059 1674 1243 1373
Glycine 2159 2004 2791 2266 3167
Alanine 4118 5223 6850 6187 §0.52
a-Aminoisobutyric acid 127 0.94 221 1.34 141
Valine 711 464 I8 2847 34.84
Cystine 233 117 494 203 397
Methionine 1654 1555 1440 1883 17.25
Cystathionine 0.78 1.63 298 202 703
Isoleucine 1662 1535 17.11 17.75 1794
Leucine 298 18 3930 4310 3893
Tyrosine 1801 17.56 1561 19.69 19.89
BAlanine 376 1.52 18.54 243 4882
Phenylalanine 1962 1852 1837 2096 1833
B-Aminobutyric acid 698 434 679 53 513
Homocystine 401 393 0.00 541 642
y-Amino-n-butyric acid 082 226 7.03 195 431
Ethanolamine 274 sn 6.14 298 10.66
Hydroxylysine LX.9) 346 0.84 20 6.34
Anserine 0.85 337 3.54 485 6.50
Carnosine 0.60 0.96 096 633 098
Arginine 2513 3705 41 35 4701
Phosphoserine 0.00 0.00 291 0.00 51
Sarcosine 0.00 0.00 6.40 0.00 0.00
Total 55696 89577 86861 95840 90366

YRefer to comment in Table 1.

significantly. These decrease trends of free amino
acids during storage are considered that they were
degraded to amines, ammonia through decarboxy-
lation and deamination by enzyme actions of mi-
croorganism (Park et al, 1994).
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