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Abstract

In the grilled fish paste stored at 5T, the total aerobic bacterial counts were effectively reduced by 2.5 kGy or more. In
the samples stored at 30T, the total aerobic bacterial counts of the samples irradiated at 7.5 kGy were below to the limit of
detection (2 log CFU/g). The TBA values of the irradiated samples were considerably higher than those of the controls but
not proportional to the irradiation dose. It is apparent that an irradiation treatment causes very little textural degradation
and the sensorial quality of the sample was maintained by an irradiation at 7.5 kGy or more.
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Introduction

Among various processed seafoods in Korea, fish paste is
one of the most favorite products and the consumer demand for
this product is increasing due to its convenience in food
preparation and availability as a protein source. This product is
made from various kinds of fish and by comparatively
advanced technology and considered as a convenient food (1).
In addition, fish paste is widely used in a group-meal service
due to its nutritional value, cost, flavor, and so on.

Recently, food bome diseases have frequently broken out in a
group-meal service mainly due to contaminated food materials
(2). The outbreak in a group-meal service may lead to severe

results in which numerous cases and even casualties could
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occur. In 2003, 77% of all cases in food borne outbreaks
resulted from group-meal services (2). Consequently, it is
essential to prevent a contamination of the food material to
reduce the risk of food bome outbreaks.

Gamma irradiation has proven to be an effective treatment to
eliminate a microbial contamination without any defect. Food
irradiation uses up a low energy, causes little increase of
product temperature and residual components, and can be used
packaging (3-5). The
wholesomeness of food irradiation has been already approved

in a continuous process after

by the international expert organizations such as the World
Health Organization (WHO), the Food and Agriculture
Organization (FAO), the International Atomic Energy Agency
(IAEA), and the U. S. Food and Drug Administration (FDA).

In the present study, the irradiation effect on the microbial
quality and physiochemical properties of grilled fish paste were

evaluated at different storage temperatures.
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Materials and Methods

Sample Preparation and Gamma lrradiation

Grilled fish paste was obtained from a local manufacturer
and packaged in air and a vacuum. The samples in bags were
irradiated with a dose rate of 7 kGy per hour of gamma ray to
obtain 2.5, 5.0, 7.5, and 10.0 kGy by using a Co-60 gamma
ray irradiating facility (IR-79, Nordion Interpational ILtd.,
Ontario, Canada, 100 kCi). The irradiation dose was validated
by using 5-mm diameter alanine dosimeters (Bruker Instrument,
Rheinsttten, Germany) and the free radical was measured by
using an EMS 104 EPR Analyzer (Bruker Instrument). The
actual doses were within £ 2 % of the target doses.

Microbiological Analysis

After an irradiation, for 0, 3, 6, and 9 days of storage at 30C
and 0, 1, 2, and 4 weeks of storage at 5C the samples were
blended with 0.1% (W/V) peptone solution (Difco Laboratories,
Detroit, MI) using a stomacher (BagMixer 400, Interscience
Inc., St. Nom, France) for 2 min. After serial dilutions, 0.1 ml
aliquots from appropriate dilutions were plated onto plate count
agar (Difco Laboratories) for the total aerobic bacterial counts
using a standard spread plate method. The plates in duplicate
were incubated at 30°C for 48 hr.

2-Thiobarbituric Acid (TBA) Value Measurement

Using the method of Jo and Ahn (6), 2thiobarbituric acid
(TBA) values of the grilled fish pastes were measured during
storage. A five gram sample was homogenized in a 50-mL
centrifuge tube with a 50 ¢ L of BHA (7.2 % in ethanol) and
15 ml of distilled water using a homogenizer (DIAX 900,
Heidolph Co., 1td.,, Schwabach, Germany). One milliliter of the
homogenate was mixed with 2 ml of thiobarbituric acid
(TBA)/trichloroacetic acid (TCA) solution (20 mM TBA in 15
% TCA) and heated in boiling water for 15 min. After cooling,
the mixture was centrifuged for 15 min at 2,000 rpm using a
centrifuge (UNION 5KR, Hanil Science Industrial, Co., Ltd,
Incheon Korea). The absorbance of the supernatant was
measured at 532 nm using a spectrophotometer (UV 1600 PC,
Shimadzu, Tokyo, Japan). The concentration (mg/kg sample on
the basis of wet weight) of malondialdehyde was calcudated by
using a determination curve.

Texture Analysis

Textural property was measured by the maximum shear force

and the total shear force using a texture analyzer (TA-XTZI,
Stable Micro Systems Co., Ltd., Surrey, UK) equipped with a
probe that consisted of a blade set with knives. Using the
strength (N/mm) versus time curve, the maximum shear force
and the total shear force were computerized from the maximum

peak and the area inside curve, respectively.

Sensory Evaluation

The sensory evaluation of the grilled fish paste was carried
out by 13 panelists. Four sensory attributes were used to grade
the overall quality in terms of irradiation odor, fish meat
flavor, rotten odor, and slime and the definitions of the
attributes are shown in Table 1. A 7-point scoring was used to
evaluate the sensory attributes based on the descriptions; where
l-very weak, 2-weak, 3-slightly weak, 4-fair, 5-slightly strong,
6-strong, and 7-very strong.

Statistical Analysis

Experimental data was analyzed using an analysis of variance
(ANOVA) and General Linear Models Procedure of a Statistical
Package for Social Science- 10.05 (7). Duncan’s multiple range
test was used to separate the treatment means at a significance
of p < 0.05.

Table 1. The definitions of the descriptive attributes for the
irradiated grilled fish meat paste

Sensory Attributes Definition
Tradiation odor Smell detected only from the
irradiated samples
Fish meat flavor Characteristic flavor of fish paste
Roften odor Malodor due to the rotienness of
the sample
Slime Debvelopment of the mucus material

due to the rottenness

Results and Discussion

Microbiological Analysis

Table 2 shows the total aerobic bacterial counts of the
irradiated grilled fish paste at different storage conditions. The
total aerobic bacterial counts of the non-irradiated grilled fish
paste were approximately 3-4 log CFU/g in both the air- and
vacuum- packaging (Table 2). In the present study, during the
storage at 5T, the total aerobic bacterial counts of the
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non-irradiated samples were not significantly increased as the
storage time was extended. However, during the storage at 30T,
the total aerobic bacterial counts of the non-irradiated samples
in the air- and vacuum-packaging were considerably increased
up to 927 and 8.70 log CFU/g during 3 days of storage and
then decreased slightly as the storage time was increased. Thus,
the storage temperature significantly affects the microbiological
quality of the fish paste. This result is in accordance with
other studies. Cho et al. (1) found that the total aerobic
bacterial counts of fried fish pastes were increased from 3.3
log CFUjg to 72 and 4.7 log CFU/g in 5 days during a
storage at 20C and 10 days during a storage at 3°C. Cho et
al. (8) reported that the viable cell counts of fish pastes were
increased from 2.3 to 5 log CFU/g in 2 days during a storage
at 30C and 6 days during a storage at 15C. In the grilled
fish paste stored at 5C, the total aerobic bacterial counts of
the 2.5 kGy-irradiated samples after 4 weeks of
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storage were 355 and 354 log CFU/g in the air- and
vacuum-packaging, respectively, and the total aerobic bacterial
counts of the samples irradiated above 2.5 kGy were below the
limit of detection (k2 log CFU/g). In the grilled fish paste
stored at 30C, even irradiation at 2.5 and 5 kGy could not
eliminate the total aerobic bacteria from the grilled fish paste.
The total aerobic bacterial counts of the 5 kGy-imradiated
samples after 3 days of storage were 4.65 and 4.54 log CFUjg
and they were increased up to 6.05 and 6.37 log CFU/g in the
air- and vacuum-packaging, respectively after 9 days of storage.
However, the total aerobic bacterial counts of the samples
irradiated at 7.5 kGy or higher were below the limit of
detection (2 log CFUfg). Cho et al. (1) reported that an
irradiation at 3 kGy or higher reduced the total aerobic
bacterial counts of fried fish meat paste by 1.5 log CFU/g and
inhibited the total aerobic bacterial count at the level of 4 log
CFU/g after 35 days of storage at 3C.

Table 2. The total aerobic bacterial counts of irradiated grilled fish meat paste stored at different conditions

Air  packaging Vacuum  packaging
Storage period Irradiation Dose Irradiation Dose
0 25 5 75 10 0 25 5 75 10
Total aerobic bacterial counts at 30°C
0d ™ ND” ND ND ND 374 ND ND ND ND
i 917" 652" 465 ND ND 870" 6.51™ 454 ND ND
6d 836" 683 682" ND ND g4™ 759 648" ND ND
9d 838" 735 6.05" ND ND 817" 723" 637" ND ND
Total aerobic bacterial counts at 5°C
Owk 317 ND ND ND ND 347 ND ND ND ND
1wk 335" ND ND ND ND 347 ND ND ND ND
2wk 365 ND ND ND ND 381° ND ND ND ND
4wk 391* 3.55° ND ND ND 384" 354 ND ND ND

Y Means followed by different letter are significantly different (P<0.05).

? ND means ‘not detected’.

2-Thiobarbituric Acid (TBA) Value

Table 3 shows the changes of the 2-thiobarbituric acid (TBA)
values of the irmradiated the grilled fish paste stored at different
storage conditions. In the present study, the TBA values of the
grilled fish paste were slightly increased as the storage period
was extended. The TBA values of the irradiated samples were
considerably higher than those of the non-irradiated sample but
they did not increase in proportion to the irradiation dose

(Table 3). This result was slightly different from the studies
of irradiated fried fish paste (1) and irradiated chicken patty
(9). Zhu et al. (10) stated that the TBA values were increased
by the oxidation caused by the free radicals during the
irradiation process. They reported that the TBA values of the
irradiated samples were proportionally increased depending on
the irradiation dose and storage period. The TBA values of the

air-packaged samples were higher than those of the vacuum-
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packaged samples (Table 3). This result is in accordance with
several other studies (1, 9, 10) and it is likely that the vacuum-
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packaging inhibits the rancidification of the irradiated samples
by blocking the oxygen inflow.

Table 3. Changes of 2 thiobarbituric acid (TBA) values of irradiated grilled fish paste stored at different conditions

Stomage Air  packaging Vacuum  packaging
period Irradiation Dose Irradiation Dose
0 25 5 75 10 0 25 5 75 10
TBA value (g malondialdehyde/g sample) at 307C
0d 25™ 3607 3.54" 353" 391" 250 373 277 290° 283
3d 370™ 390" 347" 365" 3557 335” 284 203 298 284°
6d 395" 399™ 375" 350™ 362" 378 278 296' 308" 296'
9d 423" 414" 405" 373" 34 400" 29% 296’ 304 299
TBA value (1 g malondialdehyde/g sample) at 50C
0 wk 2527 3607 354° 353" 391 257 373 277 290 283
1 wk 279 3467 3.18” 3397 379" 273 29" 3.08" 29" 288"
2 wk 340 3900 3227 3497 372 267 281" 298" 3.00" 291"
4 wk 378" 387 367 374 379 2.80 315 3.13Y 3127 3197

" Means followed by different letter are significantly different (P<0.05).

Texture Analysis

Tables 4 and 5 show the maximum shearing force (N/mm)
and total work of shearing (N/mm - S) of the irradiated grilled
fish paste stored at different temperatures. In this study, there
was no significant difference in the maximum shearing force
between the non-irradiated samples and the irradiated samples.
However, the maximum shearing force was slightly decreased
as the irradiation dose was increased and as the storage period
was extended even if the maximum shearing force was not
proportional due to the different physical properties such as the
thickness and homogeneity between the samples (Table 4). The

total work of shearing of the grilled fish paste was slightly
changed in a similar manner with the maximum shearing force
(Table 5). Cho et al. (1) found that an irradiation at 5 kGy
decreased the hardness of the fried fish paste but did not affect
the other textural parameters such as adhesiveness, cohesiveness,
elasticity, and chewiness. Lacroix et al. (11) reported that no
significant difference in the pork meat texture was found in
irradiated samples during 20 days of storage at 4°C. According
to these findings, it is apparent that irradiation treatment causes
very little textural degradation of the samples.

Table 4. Determination of the maximum shearing force (Nfmm) of irradiated grilled fish stored at different conditions

Air  packaging Vacuum  packaging
Storage period Trradiation Dose Irradiation Dose
0 25 5 75 10 0 25 5 75 10
Maximum shearing force (N/mm) at 30°C
0d 236" 241™ 223" 234 229" 227 103 1457 245" 213
3d 2.06™ 099" 211 24% 183 1357 185" 218" 187 183"
6d 1.80 2.06* 199" L7 1.92% 1387 0507 1.88™ 230" 168"
9d 219" 176" 181% 1.10% 175" 095" 135 143¥ 1.36™ 0.99
Maximum shearing force (Nfmm) at 5°C
0 wk 236" 241" 223" 234" 229* 227 103" 145" 245" 213"
1 wk 19" 242" 1.84% 138" 096" 2.10™ 157 075" 1.89™ 187
2 wk 232" 1.8 146™ 1.54"" 095" 1567 207" L1 2.14% 176"
4 wk 224" 242" 203" 212 1.55™ 2.10%Y 1.387 273" 2.18" 1.8

" Means followed by different letter are significantly different (P<0.05).
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Table 5. Determination of the total work of shearing (N/mm s) of irradiated grilled fish meat paste stored at different

conditions
Air  packaging Vacuum  packaging
Storage period Irradiation Dose Trradiation Dose
0 25 5 15 10 0 25 5 75 10
Maximum shearing force (N/mmy at 30°C
0d 1054 1091% 072" 1 1060 10.98* 551 750" 1166 1090*
3d 922" 5.08” 9,18 1062* 867 591" 850 976> 8.50°" 880"
6d 894™ 9.80* 931% 842" 892" 733" 2947 920%™ 1097 796%
9d 11.16™ 774" 847" 5.15% 789" 5317 643" 691" 653" 5.047
Maximum shearing force (N/mm) at 5°C
0 wk 1054 1091™ 072" 11,54 1060* 1098* 551" 750" 1166* 1090™
1 wk 864" 1047 su™  ew” 4517 9,65 7.28% 498" 861> 906"
2 wk 1050* 840" 6.52% 6.96™ 4517 791" 9.60™ 632" 11.36% 877"
4 wk 10.16" 1094 900 943 693 9.65™ 6.607 1239 977" 869"

" Means followed by different letter are significantly different (P<0.05).
Y

Sensory Evaluation

Tables 6 and 7 show the changes of the sensory attributes
such as irradiation odor, fish meat flavor, rotten odor, and
slime formation of the irradiated grilled fish paste at different
storage conditions. The irradiation odor of the sample was
increased while the fish meat flavor was decreased as the
irradiation dose was increased. The data showed that the
imadiation odor and the fish meat flavor of the air-packaged
samples were considerably changed compared to those of the
vacuum-packaged samples (Tables 6 and 7). The rotten odor
and the slime formation of the samples were increased as the
storage period was extended or the storage temperature was

increased. However, the rotten odor and slime formation were

reduced as the irradiation dose was increased (Table 6 and 7).
Similarly, Cho et al. (1) reported that sensory evaluation such as
the flavor and appearance showed that an irradiation at 3 kGy
was the optimum dose level to extend the shelf-life of fried fish
paste up to twice as long at room temperature and three to four
times as long at a low temperature, respectively compared with
the non-irradiated control and stated that irradiation odor occurred
in the samples irradiated at 5 kGy. In the present study, the
irradiation odor was increased and the fish meat flavor was
decreased in the irradiated samples but these changes were
effectively reduced by vacuum packaging. And, it was concluded
that the sensorial quality of the grilled fish paste was maintained
by an irradiation at 7.5 kGy or more.
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Table 6. Change of sensory attribute based on the results of the QDA test of irradiated grilled fish paste during storage at

30C
Air  packaging Vacuum  packaging
Storage period Irradiation. Dose Irradiation Dose
0 25 5 75 10 0 25 5 75 10
Irradiation odor
0d 1.8 3% 36¢ 60 64 18" 20™ 22% 34 48
3d 187 30 36 62" 62" 20" 22 28 32 46"
6d 20" 28 40 60" 64" 1.8% 22" 28 30 42>
9d 14% 16" 24° 44" 58" 14% 24 24% 34 40"
Fish meat flavor
0d 54% 50° 46" 30 2% 6.0% 60% 52% 447 44™
3d 32 447 48" 36 28” 48" 54 54" 42 46™
6d 0 40 44™ 32 28 26° 387 48" 48" 47
94 247 26” 4™ 34 32 26 28" 3477 44™ 46"
Rotten odor
0d 10 1.0% 10 107 107 10* 1.0 1.0 10 107
3d 507 28" il 16" 107 529 32" 249 20 107
6d 64* 42" 34% 20 12% 56™ 48 36 28 1.4¥
94 66™ 60 36" 22* 20* 66" 60™ 50" 38 1.8
Slime
0d 10" 107 107 1.0¥ 107 10" 10" 10" 1.0% 107
3d 46" 287 20%% 16™ 10% 40" 287 24 16™® 10"
6d 64" 42 34 20% 127 56™ 48" 36+ 287 1.4
9d 66" 60™ 36 22" 20 66" 6.0 50 g 18%

" Means followed by different letter are significantly different (P<0.05).
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Table 7. Change of sensory attribute based on the results of the QDA test of irradiated grilled fish paste during storage at
5T

Air  packaging - Vacwm  packaging
Storage period Irradiation Dose Irradiation Dose
0 25 5 15 10 0 25 5 75 10
Trradiation odor
0d 18 30% 36" 60" 64> 18 20" 22" 34 48"
3d 16® 26 34 56™ 62" 16% 1.8 22 3% 4™
6d 20" 285 38" 56" 62" 18 18% 22" 34 36"
9d 18 285 36 58% 56” 16" 227 1.8 26" 447
Fish meat flavor
0d 547 50" 46" 30" 22 60" 60" 52° 44* 44"
3d 58" 34 38 38 247 56" 58" 56" 48" 38
6d 487 40 42" 38 34 507 60" 56 527 36¥
94 56" 44> 3 32" 30" 50% 44 54% 42 34"
Rotten odor
0d 10" 1.0° 1Y 1.0% 107 10" 107 1.0% L0Y 1.0°
3d 28" 22 20% 16™ 12 28" 22 20™ 18% 147"
6d 46" 32 34 30" 1§ 36 38 32 30" 24
9d 56° 4™ 44 28+ 27 50 520 40" 307 2077
Slime
0d 107 10" 10" 1.0Y 10% 10" 10% i 10Y 10¥
34 1.6™ 10" 1.0” 10" 10" 14" 10" 1.0” 1.0” 1.0
6d 26" 24 24* 20" 16" 24 207 2™ 20" 1.8
9d 42" 36™ 22° 2.6 24 30% 26 20% 227 18"

" Means followed by different letter are significantly different (P<0.05).
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Conclusions

Consequently, it is apparent that the microbial and
physiochemical quality of grilled fish paste was effectively
maintained by an irradiation and vacuum-packaging. In addition,
further researches are necessary to study the appropriate
irradiation doses at which the textural and sensorial quality of
the food is minimally affected.
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