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Abstract

Pacific saury, Cololabis saira kwamaegi, is a traditional local food of the Eastern sea arca centering around Pohang.
It 1s well-recognized as being both tasty and nutritious. Nevertheless, bacterial contamination, excessive dryness, and com-
positional changes have made it edible only during the winter months. Therefore, to improve its storage, this study examined
the effects of storage material, type, temperature, and duration on compositional changes in kwamaegi. The studied samples
were kwamaegis that had been dried naturally for 15 days. The storage materials included an A-film, a self-developed
multi-film made of polyethylene, polyamide, EVOH, and polyethylene; as well as a B-film made of polyethylene, nylon,
polyethylene, nylon and polyethylene. The B films were used after pressing and laminating. The storage types included one
whole fish(1G), or 2 divided fish(2G), to increase eating convenience. The 2G type was the muscle portion divided vertically
after discarding the jowl, skin, and internal organs. The storage temperatures were 0°C, —15C, and —307TC, and the storage
durations were 2, 4, and 6 months. Pathogenic bacteria and rheology were measured to observe general compositional
changes.

The whole kwamaegi showed a total cell number of 1,565+112 CFU/100 g flesh, while the divided Kwamaegt showed
significantly greater bacterial numbers at 2,031+145 CFU/100 g flesh. Psychrophils and halophils increased significantly
while coliform were not found; the number of mesophils also increased, but not significantly. There were no significant
cell number variations between the A-film and B-film. At 0C, both the A- and B-films resulted in cell numbers of 115~212
CFU/100 g flesh, revealing just 7.3~10.4% of the initial storage levels. Overall, there were no significant differences
between the storage materials. Generally, as the storage temperature and duration increased, the moisture content of the
kwamaegi decreased. Also, as storage duration and temperature increased, crude protein and crude lipid contents increased;
in addition, they increased proportionally as the moisture content of the fish decreased. There were no significant difterences
in crude ash content with respect to the storage materials, storage temperatures, or storage durations. Finally, there were
no significant differences between the kwamaegi samples naturally dried for 15 days and those stored in the B-film vacuum
storage for 6 months for strength, hardness, cohesiveness, springiness, gumminess, and water activity.
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Fig. 1. The material and thick of multiple layer package
film(unit: m).
Y PE: polyethylene, ? PA: polyamide,
Y EVOH: ethylene vinyl alcohol.

* NL: nylon,

Table 1. The package material and method used in kwa-
maegi packing

Experimental Sample Packing
group shape film
1G-A Whole fish type Film A
(PE/PA/EVOH/PE)
1G-B Whole fish type Film B
(PE/NL/PE/NL/PE)
2G-A 2 divide type Film A
(PE/PA/EVOH/PE)
2G-B 2 divide type Film B
| (PE/NL/PE/NL/PE)
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Fig. 2. Conditions with package type of kwamaegi.
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Table 2. Composition of medium for assay of bacterial

count
Psychrophile
> p. Halophile Coli form
Mesophile o
Component , (Vibrio (BGLB
(Nutrient . .
: medium) medium)
medium)
Polypeptone 50 g 5g )
Meat extract 25 g 3 g -
Yeast extract 25 ¢g - -
Glucose 25 g - -
NaCl - 30 g i
Peptone - . 10 g
Lactose - B} 10 g
Oxgall : - 20 g
Brilliant green - - 0.0133 g
Agar 20 g 20 g 20 g
Dist. water 500 m 1,000 mf? 1,000 mf
Atifical sea water” 500 mf

The medium was adjusted of pH 7.0 and sterilized at 0.75 kg/cm
for 10 min, Coli form bacteria was counted according to MPN(most
probable number) method,

Y Composition of artificial sea water; NaCl 23.5 g, MgCl, - 2H,O

10.6 g, Na,SO4 3.9 g, CaCl, - 2H,O 1.5 g, KCI 0.66 g, Dist.

Water 1,000 mf.

Table 3. Measurement condition of rheometer

Operating conditions

Sample height 5 mm

Sample diameter 150 mm

Lode cell(max) 500 N

Table speed 60 mn/min
Adapter Round-diameter 10.0 mm

&3 (Gumminess)= =335t} S8 3712 Table 33} 20}
sample height 5 mm, sample diameter 150 mm, lode cell(max) 500
N, table speed 60 mm/min, adapter round-diameter 10.0 mn= =73
sttt
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~ Table 4. Changes in number of Psychrophile cell in flesh of kwamaegi during the storage at 0C, —15C and —30T

after whole fish type and 2 divide type packed

Storage periods (CFU/g/month)

Storage temp. Group 0 5 A p
1G-A 893.0+0.68 55.440.38" 37.540.40™ 18.5+0.38""
o 1G-B 893.0+0.68 85.0£0.58 52.5+0.52 20.0+0.38
2G-A 893.0+0.68 75.540.55 65.4+0.48 48.5+0.38
2G-B 893.0+0.68 88.0:£0.50 74.0+0.35 50.0+0.38
1G-A 893.0+0.68 12.540.48™ - -
] 1G-B 893.0+0.68 15.5+0.50 - -
—Bt 2G-A 893.0+0.68 20.0:0.35 i i
2G-B 893.0+0.68 48.9+0.30 - -
1G-A 893.0:0.68 - - -
a0 1G-B 893.0+0.68 - - -
2G-A 893.0+0.68 - - -
2G-B 893.0+0.68 - - -

All values are meantSD(n=5), -: not detected, Values with different superscripts letters are significantly different at p<0.03,

NS means no significance.

Table 5. Changes in number of Mesophile cell in flesh of kwamaegi during the storage at 0C,

after whole fish type and 2 divide type packed

—15C and —30C

Storage periods (CFU/g/month)

Storage temp. Gro
s P P 0 2 4 6
1G-A 180.0:£0.30 25.0+0.40% 18.0+0.38™ 12.5+0.25™
- 1G-B 180.0:£0.30 22.5+0.40" 17.5+0.30 10.0+0.20
2G-A 180.0:£0.30 42.5+0.40™ 35.0+£0.42 20.0:£0.35
2G-B 180.0+£0.30 66.5+0.40 52.7+0.42 37.8+0.35
1G-A 180.0+0.30 ; - -
) 1G-B 180.0:£0.30 ] - -
—15C
2G-A 180.0£0.30 _ _ _
2G-B 180.0+0.30 - - -
1G-A 180.0£0.30 ] . -
] 1G-B 180.0+£0.30 " ; ; -
—30C
2G-A 180.0£0.30 ] - -
2G-B 180.0::0.30 ; . -

All values are mean+SD(n=5), -: not detected, Values with different superscripts letters are significantly different at p<0.03,
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Means Duncan's multiple range test packing type(column), NS means no significance.
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Table 6. Changes in number of Halophile cell in flesh of kwamaegi during the storage at 0C, —15C and —30TC

after whole fish type and 2 divide type packed

Storage periods (CFU/g/month)

Storage temp. Group 5 5 p . .
1G-A 555.0+0.26 34.50.50° 25.0£0.45™ 10.0+0.50""
- 1G-B 555.0+0.26 30.0:£0.50° 18.9+0.38 10.0+0.20
2G-A 555.0+0.26 40.5+0.45° 30.0+0.30 15.0+0.25
2G-B 555.0£0.26 57.5+0.38 48.0:£0.45 27.5+0.50
1G-A 555.0+0.26 10.240.20™ - -
. 1G-B 555.040.26 10.5+0.30 . -
2G-A 555.0+0.26 15.0+0.25 - -
2G-B 555.0+0.26 30.0+0.25 - -
1G-A 555.0::0.26 i i .
o 1G-B 555.00.26 - - -
2G-A 555.04:0.26 - - -
2G-B 555.0+0.26 - - -

All values are meantSD(n=5), -: not detected, Values with different superscripts letters are significantly different at p<(0.05,

“7® Means Duncan's multiple range test packing type(column), NS means no significance.
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Fig. 3. Titer of bacterial cell contaminated to fish-flesh
during specimen preparation.
Symbols are &i: whole fish(specimen 1G) and #H: longitudinal

cutting after removing of skin{specimen 2G).

Others
11.42%

Fig. 4. Principle composition of saury flesh before
storage for kwamaegi-production.
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=] ¥kt 1G-B, 0CE 27] 38.81%°014 27197 36.84%, 4
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F 30.18%, 2G-A, —30CAA = 2744 31.57%N A 6714
A 2837%% VER} 1G-A%F 1G-BIAAE —15C9F —30T
A A Al57} 8 Aol WU B3 2G7F 1G9
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Table 7. Changes in moisture content of kwamaegi flesh whole fish type and 2 divide type during storage at 0TC,

—15TC and —30C

Storage periods (g/100 g/month)

Storage temp. Group

0 4 6
1G-A 38.81+0.98" 35.71+1.08"" 33.85+1.10°¢ 31.96£0.98"
) 1G-B 38.8140.98" 36.84+0.99* 34.25+0.84°" 33.07+0.98%
0 C A bcB beC beC
2G-A 38.81+0.98 33.87+0.89 31.2840.95 30.85+0.94
2G-B 38.81+0.98" 34.81:0.85™" 32.57+0.95" 31.88+0.80"
1G-A 38.81+0.98" 33.75+1.05"" 31.67+0.89"™ 30.52+0.81°
o 1G-B 38.8120.98" 35.18+0.95% 33.73+1.03*¢ 32.0740.94%
—15C A beB beB beB
2G-A 38.81+0.98 32.07+0.90 31.01£0.93 30.18+0.99
2G-B 38.81+0.98" 33.89+1.05" 32.08+0.95%8¢ 31.10+0.95™¢
1G-A 38.81+0.98" 32.18+1.05% 3(.81+0.97%5¢ 29.27+0.80™
0 1G-B 38.81+0.98" 34.87+0.98 32.67+£0.95¢ 30.95+0.95
2G-A 38.81+£0.98" 31.57+0.95% 29.87+0.87°°¢ 28.37+0.96
2G-B 38.81+0.98" 32.71+0.90°" 30.45+0.85"¢ 29.85+0.95%

All values are meantSD(n=5), Values with different superscripts letters are significantly different at p<0.05,

A™P Means Duncan's multiple range test storage period(row), * ¢

0CT 27 38.81%°|¥ Aol 271€A| 34.81%, 6705 31.88
%Z AAasR L, 2G-B, —15CE= 2705 33.89%, 671L A
31.10%%.2H, 2G-B, —30TCol| A= 2715 33.89%5 21} 67
A 31.10%E 2Ge| A9l BEAA7F AR HTE =7
YR 163} miR7ER| 2 2GollM = BEAAL A 9] =4
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29.89%= Tha E7kstg et AP 9 oM 9] Frtskel o
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Table 8. Changes in crude lipid content of kwamaegi flesh whole fish type and 2 divide type during storage at
0C, —15C and —30C
Storage temp. Group Storage periods (g/100 g/month)
0 2 4 6
1G-A 28.50+1.04™ 28.98+0.95° 29.38+1.01™4° 29.89+0.87"
. 1G-B 28.50:£1.04™ 28.67+0.87°° 29.97+0.95"° 29.31+0.79
2G-A 28.50+1.04™ 28.77+0.59"" 29.01:0.80 29.27+0.45
2G-B 28.50:1.04™ 28.64+0.80"" 28.97+0.64 29.03+0.54
1G-A 28.50+1.04™ 29.88+1.00™"" 30.45+0.95™" 30.97+0.85"°
st 1G-B 28.5041.04™ 28.89:+0.90"" 29.724+0.95*° 29.98+0.85"
2G-A 28.50+1.04™ 28.89+0.80"" 29.29+0.79"" 29.50:0.65"
2G-B 28.50+1.04™ 28.7120.79"" 28.99+0.65%" 29.27+0.48"
1G-A 28.50+1.04™ 29.90+0.85™4" 30.57+£0.90™ 31.09+0.80™"
e 1G-B 28.501.04™ 28.89+0.91"" 29.37+0.85™" 29.77+0.84"
2G-A 28.50+1.04™ 29.01+0.90" 29.58+0.60°C 30.130.78"
2G-B 28.50+1.04™ 28.862+0.85"" 29.07+0.75™" 29.58+0.55"

All values are meantSD(n=5), Values with different superscripts letters are significantly different at p<0.05,
“® Means Duncan's multiple range test storage period{row), NS means no significance

Table 9. Changes in crude protein content of kwamaegi flesh whole fish type and 2 divide type during storage at

0C, —15C and —30C
Storage terp. Group Storage periods (g/100 g/month)
0 2 4 6
1G-A 17.730.97"° 18.82+0.87" 19.32+0.85" 19.97+0.90™°
- 1G-B 17.73+0.97™° 17.79+0.98 18.84:+0.78 19.56:£0.90
2G-A 17.730.97™° 18.32+0.90 18.98+0.78 19.54:0.90
2G-B 17.73£0.97"° 18.07+0.85 18.88+0.85 19.33+0.91
1G-A 17.73:0.97"° 19.17+0.80™° 19.8740.75™4% 20.38+0.85™°
st 1G-B 17.73+0.97"% 17.84+0.78 19.07+0.85 19.67+0.60
2G-A 17.73£0.97""° 18.67+0.78 19.27+0.85 19.65+0.30
2G-B 17.73+0.97™ 18.54+0.80 19.01+0.78 19.35+0.85
1G-A 17.73+0.97* 19.27+0.75™°%° 20.2140.65™" 20.89+0.73™"
. 1G-B 17.73£0.97™" 18.0120.90 19.32+0.99 20.03+0.98
2G-A 17.73£0.97"° 18.88+0.95 19.38+0.90 20.01+0.90
2G-B 17.73+0.97™ 18.77+0.75 19.21+0.78 19.87+0.84

All values are mean+SD(n=5), Values with different superscripts letters are significantly different at p<0.05,

A~D

Means Duncan's multiple range test storage period(row), NS means no significance.
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Table 10. Changes in crude ash content of kwamaegi flesh whole fish type and 2 divide type during storage at

0C, —15C and —30C

Storage periods (g/100 g/month)

Storage temp. Group

0 2 4 6

1G-A 1.72+0.07" 1.75+0.04™ 1.81+0.05" 1.83+0.04™
o 1G-B 1.72+0.07"% 1.76+0.04 1.85+0.08 1.85+0.04

2G-A 1.72+0.07™ 1.77+0.04 1.86+0.05 1.90:£0.07
2G-B 1.72+0.07" 1.80+0.06 1.85+0.04 1.85+0.03
1G-A 1.72+0.07* 1.76+0.05™48 1.80+0.07>4° 1.82+0.06™"

st 1G-B 1.72+0.07" 1.77:0.04 1.830.05 1.82+0.05
2G-A 1.72+0.07* 1.80+0.07"" 1.84+0.05"" 1.87+0.03"
2G-B 1.72+0.07* 1.79+0.05%" 1.84=+0.06*" 1.89+0.04°
1G-A 1.72+0.07* 1.78+0.07"4° 1.83+0.07™" 1.84+0.07""

30 1G-B 1.72+0.07"%4 1.75+0.05" 1.8440.05° 1.8620.03°
2G-A 1.72+0.07" 1.80+0.06 1.85+0.03 1.89:£0.07
2G-B 1.72+0.07* 1.75+0.03" 1.84+0.07"" 1.88+0.04°

All values are mean+SD{n=5), Values with different superscripts letters are significantly different at p<0.05,

A~D \ : . ..
Means Duncan's multiple range test storage period(row), NS means no significance.

Table 11. Water activity and rheology data of natural dried kwamaegi and vacuum-packed kwamaegi

Parameter Control c’Sample
(Natural drying, 15 days) (—30C, 6 month)
Strength(dyne/cnr) 835526.60+95777.73 835526.60+88345.14
Hardness(dyne/cr) 1617637.00+£169322.70 1688965.00+208962.40
Rheology Cohensiveness(%o) 46.63+5.01 51.42+3.28
Springiness(%) 59.54+7.24 65.25+3.43
Gumminess(g) 197.08+14.52 233.46425.93
Water activity(Aw) 0.93+0.01 0.92+0.01
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