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SUMMARY

Sanitation and safe storage are necessary for the establishment of
stable and safe food supply. Therefore, this project has intended to
develop the technology for sterilization and long term safety preservation of
foods by gamma irradiation. We also investigated the wholesomeness of
irradiated foods on microbiological, physicochemical, nutritional and
toxicological changes according to storage period and irradiation dose in

this project.

1. microbiological safety

Gamma irradiation was applied to foods to improve their hygienic
quality. The effective dose of irradiation was 7 kGy in Angelicae
gigantis radix and 5 kGy in Aloe for the sterilization of all contaminated
microorganisms tested. After 8 months of storage at room temperature,
no growth of microorganisms was observed in the irradiated products.

T he initial level of microbial contamination in beef was 3.0x 102 CFU/g
(aerobic bacteria), 15x 103 CFU/g (psychrophile), 2.0x 102 CFU/g
(coliforms) and 4.2x 103 CFU/g (Listeria), In the case of pork, the initial
contamination level was 1.1x 104 CFU/g (total aerobic bacteria), 5.3x 103
CFU/g ( psychrophile), 3.8x 103 CFU/g (coliforms) and 3.2x 103 CFU/g
(Listeria). Chicken was contaminated with 9.5 104 CFU/g (total aerobic
bateria), 7.5x 103 CFU/g (psychrophile), 1.8x 104 CFU/g (coliforms), 2.7x
102 CFU/g (Listeria) and 2.2x 103 CFU/g (Salmonella). Especially, E.
coli, an index bacteria of food hygienic was detected to some extent. E.

coli is a member of the gastrointestinal tract flora in men and animals
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and may occur in soil and water at a residual of fecal contamination
(often being regarded as an indicator organism for fecal pollution).
Therefore, there was a necessity for developing a proper sanitary
technique and sterilizing process.

Germicidal efficacy of gamma irradiation on the microorganisms was
that initial contamination levels of beef and pork were lower than those
of chicken. Therefore, gamma irradiation at 1 kGy could sterilize
contaminated microorganisms below detectable levels except for
psychrophilles. In order to sterilize all of microorganisms, 3 kGy of
irradiation dose was needed. In case of chicken, gamma irradiation at
1kGy could reduce about 1.5 log cycle of psychrophile and total viable
bacteria and coliforms were reduced below detectable levels.

T herefore all kinds of contaminated microorganisms of foods could be

sterilized by gamma irradiation.

2. Physico chemical and nutritional safety

T he proximate composition of foods were not significantly changed by
irradiation dose and storage period. The pH was slightly increased during
storage period and titratable acidity decreased. However, no significant
changes in pH and acidity were observed by gamma irradiation. TBA
values were increased according to the increment of irradiation dose
level. All the sample(nonirradiated and irradiated) were increased
drastically with storage period at both 5 and -20 . The acid value
of beef, pork and chicken during storage at 5 was increased rapidly

with the elapse of storage period in both nonirradiated and irradiated



samples and also, that of irradiated samples increased more slowly than
nonirradiated samples. At -20 , there was no difference of acid value in
nonirradiated and irradiated samples, but it was increased slightly as the
storage period increased. VBN value increased more rapidly in
nonirradiated samples than irradiated samples depending on the increment
of  storage period. So, it was evident that gamma irradiation has
efficacy to delay protein decay.

Twelve kinds of fatty acids were analyzed from foods. No significant
difference in the components of fatty acids were observed by gamma
irradiation. In general, the amount of released free amino acid was
increased during storage and was not significantly changed by gamma
irradiation. There was no difference in total amino acid content
regardless of irradiation dose and storage period.

The SDS electrophoresis patterns of samples were not significantly
different between nonirradiated and irradiated samples. All samples stored
in at 5 showed prominent breakdown of molecular weights ranged
from 97,000 116,000 Daltons after 8 weeks' storage. Especially, in all
subunits having molecular weights between 32,000 and 40,000 Daltons,
degradation was started in all lanes depending on storage period and
was separated the new band of two after 8 weeks' storage at 5
There was no significant changes in the number of lower molecular
subumits by gamma irradiation and storage period.

The major mineral compositions of foods were potassium, phosphorus,
sodium, magnesium. The content of mineral was not significantly

changed by gamma irradiation. In a heme pigment (myoglobin) content,



metmyoglobin content of beef stored at 5 was slightly increased with
elapse of irradiation dose and storage period. The heme pigment content
of pork and chicken was not affected by gamma irradiation but was
slightly increased with an increase in storage period. All samples stored
at -20 were not different in heme pigment content of nonirradiated and
irradiated samples and were decreased slightly as freezing storage period
increased. In textural property, hardness of all samples appears to be
increased slightly by gamma irradiation. However, the extent of increase

was so little that it could be ignored.

3. Genotoxical safety

The reverse mutation assay of using Salmonella typhimurium(T A98,
TA100, TA1535 TA1537) showed that nonirradiated and irradiated
samples(up to 10 kGy) did not have any mutagenic activity. T he test of
micronucleus formation from marrow in mice demonstrated no significant
differences, when compared irradiated samples (up to 10 kGy) with
nonirradiated ones in the concentration of the sample producing
cytotoxicity (1250- 2500mg/plate). T hese results confirm that no mutagens
were formed by gamma irradiation up to 10 kGy. Therefore, gamma
irradiated foods could be safe from the genotoxic point of view.

The results of this project will soon be utilized in the industry
sanitary production of foods by gamma irradiation, which will eventually
contribute to the health of the general public as well as promoting

competitiveness in international and local market.
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1. /
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D

109 100ml waring blender
, Tube 2ml
(5000rpm, 20min)
NaZ204 0.59 1 N NaOH
400 ml .
2) C
10g 5% 40ml
100ml - (2000rpm, 10min)
- 2 ml DCP ml
Tiourea-HPO3 2ml  DVP 1ml -
70 20 .
5ml 30 , 520 nm
C (Hydrazine )-
3
20 g 150 ml waring blender
- 200 ml
50 0.05N NaOH pH 8.0
4) ,
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5)

6)
20 g 150 ml waring blender
- 200 ml ,
(3,000 rpm x 20 min) 10 ml 100-105
4-6 -
)
10 g 70 ml waring blender
100 ml - 35 water bath 2
(3,000 rpm x 30 min)
spectrophotometer 420 nm .
, Amylograph
D
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subunit
(SDS-PAGE) . 2-ME
, gel 0.1% Coomassie

brilliant blue R-250 .

2) Differential scanning calorimetry (DSC)

7S, 11S
- 10% silver
pan , reference
. DsC Difference scanning calorimeter (Seiko
Model SSC 5000-DSC 100, Japan) 1 heating 2
5 120 -

3) fluorescence spectra

Tluorescence spectra - 0.04%

Hitachi Tfluorescence spectrophotoneter (Model F-3000, Hitachi

Co., Japan) -
4) amino acid
6N HCI 115 2
(Hitachi amino acid analyzer 835, Japan) -
5)
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80mesh

evaporator n-hexane

6)
AOAC  AOCS -

N

Brookfild viscometer (Model LVF-115V, USA) -

8)

Food-oil sensor (Model Ni-21 A Northern Instrument Co., USA)

E)

Racimat method (Metrohm-HERISAU)

10)
AOAC Spectrophotometer (Model 342-2, Cecil UK)

233nm .

11)
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AOCS Gas Liquid Chromatography
- Metcal f

methyl ester -

12) Trans
trans
AOCS

trans .

13)
Brabender viscograph E type ( Brabender

Co.) Medcaif Gilles C
8%, 5%) 500ml 1 Amylograph bowl
1.5 /min 25 95 , 95 30

50 1.5 /min .
3.

Salmonella typhimurium

D
Salmonella typhimurium LT2

Salmonella typhimurium TA98, TA100, TA1535, TA1537 -
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Histidine , Crystal violet , Ampicillin

, Spontaneous -

2)
’ ’ ’ 0-25, 0-25,

12, 10k y

DMSO , 2-Nitrofluorene
(2-NF), N-methyl-N*-nitro-N-nitrosoguanidine(MNNG), Sodium azide(SAZ2)

9-Aminoacridine(9AA) -

3
Nutrient broth ,
Minimal glucose agar 0.5mM  Histidine/Botin
Histidine 1-2 Top
agar .

4) S-9 fraction

Maron Ames (1983)

. SD (¢, 8 , 2509) polychlorinated
bipheny 1 (PCB) Aroclor 1254 corn oil 200mg/ml
500mg/kg 1 4
- 3 0.15M KCI
9,000g 10 S-9
fraction - »
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S-9 fraction 0O.1ml

plating

5)

TA100

typhimurium TA100

Top agar

0.1ml,

Na-Phosphate buffer 0.5ml  test tube

minimal glucose agar

. Salmonella
(2x 10%ells/ml)
DMSO O.1ml, 0.2M

37 water bath shaker

30 pre-incubation , Histidine/biotin top agar
2.5ml minimal glucose agar plating
37  incubator 48 His+
6)
Maron  Ames(1983) -1
, S-9 fraction
pre-incubation ,
3 minimal glucose agar plate -
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D

polycarbonate cage 6

2)

3

tag

4)

, 24

ICR
25+ 1 , 55+ 5%,
Mitomycin C
4-5 ,
mouse  jonde
24
, Schmid
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Calf serum

30

5)
1 1000

erythrocyte, PCE)
1000

Yo

6)

Hayashi

-1 Hayashi

data

(24gauge )
1000rpm 5 -

5

4% Giemsa

(polychromatic

(normochromatic erythrocyte,

, 2

(micronucleated polychromatic erythrocyte)

2
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Cochran Armitage

( 0.05).
3
1. /
6.3 x 103 CFU/g, 1.5 x 106 CFU/g,
4.8 x 102 CFU/g , 4.0
x 102 CFU/g, 1.2 x 103 CFuU/g, 1.4 x 102 CRU/g
4.0 x 106 CRU/g, 5.0 x 104 CFU/g, 1.0 x
106 CFU/g
, 1.0
x 104 CFU/g, 2.0 x 102 CFU/g, 5.0 x 102 CFU/g
; 3.8 x 103 CFU/g, 1.1 x 106
CFU/g, 2.3 x 103 CFU/g
(Table 1).
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1).
. 0.15 kGy
(Fig. 2).
/ 2
5
26.42% .
7.51%, 14.48%
(Fig. 4).
20%
C )

5
3 30 mm
(Table 2).
(Fig. 3).
5
20%
(
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0.2 kGy

0.25 kGy
(Table 3).
1
(Fig. 5).
(Table 4).
5
abl
C (Table 5).
(Table 6).

0.15 kGy 0.20 kGy
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65.93%  70.48%, 9.06%
1.25% 1.20% -
- Amylograph
Table 8
(GB%)  amylograph
peak
95 30
10kGy
7 -
5 30 , 50
- , 10 kGy
, 50
SDS-PAGE

2-mercapto-ethanol (2-ME)

7S globulin

a_
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9.94%,

50

a

18.92%

(&n)

peak

9.3 , 20

4_84%

B —subunits

Table 7

13.78% ,

4.60%,

, 95 30

30

16.8

3



, 11S globulin acidic basic subunits

2 . 2-ME SDS-PAGE
intermediary subunits (IS) IS 3 ,
B —subunit a - o “-subunits -
SDS-PAGE pattern -
7S 11S globulin , 2-ME
SDS-PAGE Fig. 7).
11S  2-ME 4 acidic subunits (AS 1, 2, 3, 4 3

basic subunits (BS 1, 2, 3) -

7S 3 , 0 -, o ‘-
B —subunits - ,
SDS-PAGE pattern -
. DsC
(10%) DsC (Table 9).
7S globulin 79 , 11S globulin 95
- , (D)
- , enthalpy
(Ql)) -
( d ),
C H )-

- Fluorescence spectra
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Fluorescence spectra 7S 11S
334-338 nm 333-335 nm

(Table 10). intensity

] 10 kGy 3

glutamic acid
8.2-8.7% , aspartic acid 4.4-4_7% ,

proline, leucine, serine, arginine -

methionine cysteine 0.058-0.342%
0.291-0.530% -
methionine
Histidine »
Tyrosine -
(Table 11, 12).
Table 13 -
0.2-0.3 -
5kGy 0.6meg/kg oil , 10kGy
0.8 meg/kg oil )
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, 1.76 10kGy

1.48 ) 10kGy
; , 5.21 , 2.5kGy 8.15
, 5Ky 11.9 , 10kGy 9.6
., SkGy

2 , .
5kGy 0.10-0.11 , 10kGy
0.15 ;

10kGy

Table 14
; linoleic (18:2) 52.53 - 52.83%
, oleic (18:1) 20.69 - 21.01%, palmitic (16:0) 9.63 -
10.08%, linolenic (18:3) 9.62 - 9.96% ]

10 kGy

. Trans
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1.49 - 1.58%, Ci81

, TA100

trans

, C183

(Table 14).

(Table 15).

Y
25mg/plate

C180

6.5 - 6.9%, Ci8B2 10kGy 0.15%
trans
25mg/plate
20mg/plate
DMSO
, plate
- , Y
0.3 - 20mg/plate
Y
TA98 25, 8.3mng/plate
, TA1537 25, 8.3, 2.8, 0.9mg/plate
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(Table
16). y
Y
(Table 17,
18). , , S-9 mixture y
, » . Y
S. typhimurium
Y

(Table 15, 16, 17, 18).

y TA98
» Y
Y TA98
Y
Y
, Table 19 20
5 Y
(0.25 kGy), (12 key) (10 kGy)

1250 - 2500mg/kg

- Y
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Table 1. Effect of gamma irradiation on the inactivation of
microorganisms (unit: CRU)/g)

Irradiation dose (kGy)

Microorganisms
0 1 2 3 5 6 7 10

Glutinous corn

Total bacteria 6.3x103 7.5x102 3.5x102 nd nd nd nd nd
Yeast & mold 1.5x106 6.0x105 5.8x104 5.6x103 nd nd nd nd
Coliforms 4 _8x103 8.0x102 nd nd nd nd nd nd

Non-glutinous corn

Total bacteria 4.0x102 nd nd nd nd nd nd nd
Yeast & mold 1.2x103 nd nd nd nd nd nd nd
Coliforms 1.4x102 nd nd nd nd nd nd nd

Angelica gigas Nakai
Total bacteria 4.0x106 5.6x105 6.4x104 5.8x103 8.4x102 2.5x102 nd nd
Yeast & mold 5.0x104 4.8x103 2.8x102  nd nd nd nd nd

Coliforms 1.0x106 2.5x105 5.7x104 3.3x103 5.4x102 nd nd nd
Aloe

Total bacteria 1.0x104 7.3x103 8.4x102 1.5x102 nd nd nd nd
Yeast & mold 2.0x102 nd nd nd nd nd nd nd
Coliforms 5.0x102 nd nd nd nd nd nd nd
Soybean

Total bacteria 3.8x103 4.5x102 3.1x102 nd nd nd nd nd
Yeast & mold 1.1x106 4.6x105 3.8x104 2.6x103 nd nd nd nd
Coliforms 2.3x103 2.8x102 nd nd nd nd nd nd

nd: not detected.
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Table 2. Effect of ganima irradiation on the growth of microorganisms
during storage at room temperature

(unit: CFUV/g)

sample _ ) storage period (month)
microorganism
1 2 3 4 5

Glutinous corn(0 kGy)

Total bacteria 6.3x 103 7.5x 103 3.4x 103 4.9x 103 4.0x 103 4.0x 103

Yeast & mold 1.5x 106 1.7x 106 2.0x 106 1.8x 106 1.6x 106 1.5x 106

Coliforms 4.8x 1034.1x 103 4.3x 103 3.8x 103 4.0x 103 4.1x 103
Glutinous corn(5 kGy)

Total bacteria nd nd nd nd nd nd

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
Angelica gigs Nakai (O kGy)

Total bacteria 4.0x 106 4.6x 106 3.4x 106 4.9x 106 4.5x 106 3.8x 106

Yeast & mold 5.0x 104 2.7x 104 5.0x 104 4.7x 104 4.0x 104 4.9x 104

Coliforms 1.0x 106 2.1x 106 3.0x 106 2.8x 106 1.2x 106 2.0x 106
Angelica gigs Nakai (6 kGy)

Total bacteria 2.5x 102 3.2x 102 1.0x 102 8.0x 101 1.2x 102 1.2x 102

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
Angelica gigs Nakai (7 kGy)

Total bacteria nd nd nd nd nd nd

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
Aloe (0 kGy)

Total bacteria 1.0x 104 3.5x 104 3.0x 104 3.1x 104 2.5x 104 2.0x 104

Yeast & mold 2.0x 102 3.0x 102 2.0x 102 1.0x 102 2.1x 102 .5x 102

Coliforms 5.0x 102 2.7x 102 4.8x 102 3.7x 102 4.8x 102 4.5x 102
Aloe (3 kGy)

Total bacteria 1.5x 102 1.2x 102 1.0x 102 1.0x 102 1.5x 102 1.0x 102

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
Aloe (6 kGy)

Total bacteria nd nd nd nd nd nd

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
Soybean (0 kGy)

Total bacteria 3.8x 103 4.5x 103 4.3x 103 4.0x 103 4.1x 103 3.9x 103

Yeast & mold 1.1x 106 1.5x 106 2.1x 106 1.9x 106 1.9x 106 1.7x 106

Coliforms 2.3x 1032.1x 103 2.3x 103 2.3x 103 1.8x 103 1.8x 103
Soybean (3 kGy)

Total bacteria nd nd nd nd nd nd

Yeast & mold 2.6x 103 3.4x 103 3.0x 103 3.0x 103 2.8x 103 2.6x 103

Coliforms nd nd nd nd nd nd
Soybean (6 kGy)

Total bacteria nd nd nd nd nd nd

Yeast & mold nd nd nd nd nd nd

Coliforms nd nd nd nd nd nd
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Table 3. Effect of y -irradiation dose levels on the acidity of potato
and garlic during storage at cooling and room temperatures

(0.05N NaOH ml)

storage irradiation storage period (month)
sample condition dose
kGy) 0 1 2 3 5
potato cooling 0 1.70 1.97 2.10 2.10 2.10
temperature 0.15 1.65 2.38 2.30 2.05 2.00
0.20 1.70 2.20 2.20 2.10 1.95
0.25 2.10 2.15 2.21 2.25 2.05
room 0 1.70 1.74 1.80 2.00 3.30
temperature 0.15 1.65 1.45 1.50 2.20 3.24
0.20 1.70 1.35 1.45 2.10 3.15
0.25 2.10 1.75 1.85 2.30 3.85
garlic cooling 0 5.15 5.20 5.20 6.00 6.70
temperature 0.15 5.20 5.30 5.35 6.20 6.72
0.20 5.25 5.40 5.90 6.75 6.80
0.25 5.35 5.70 6.10 7.35 7.60
room 0 5.15 5.70 5.78 5.85 -
temperature 0.15 5.20 5.75 5.80 5.90 8.00
0.20 5.25 5.90 6.30 6.50 8.20
0.25 5.35 5.75 6.50 6.80 9.00
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Table 4. Effect of y -irradiation dose levels on the water soluble
cooling and room

solids of potato and garlic during storage at

temperatures
@
storage irradiation storage period (month)
sample condition dose
&oey) 0 1 2 3 5
potato cooling 0 0.033 0.049 0.064 0.048 0.047
temperature 0.15 0.030 0.052 0.052 0.046 0.051
0.20 0.032 0.051 0.057 0.047 0.052
0.25 0.032 0.051 0.058 0.049 0.047
room 0] 0.033 0.040 0.039 0.048 0.070
temperature 0.15 0.030 0.037 0.040 0.049 0.075
0.20 0.032 0.039 0.038 0.047 0.079
0.25 0.032 0.035 0.040 0.050 0.070
garlic cooling 0 0.199 0.342 0.320 0.302 0.283
temperature 0.15 0.205 0.325 0.309 0.302 0.284
0.20 0.200 0.324 0.294 0.312 0.283
0.25 0.224 0.323 0.307 0.316 0.289
room 0] 0.199 0.334 0.353 0.305 -
temperature 0.15 0.205 0.315 0.324 0.297 0.283
0.20 0.200 0.302 0.301 0.296 0.281
0.25 0.224 0.300 0.305 0.291 0.290
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Table 5. Effect of y -irradiation dose levels on the browning pigments
of potato and garlic during storage at cooling and room temperatures

(0.D. at 240 nm)

storage irradiation storage period (month)
sample condition dose

kGy) 0 1 2 3 5
potato cooling 0 0.240 0.242 0.248 0.220 0.211
temperature 0.15 0.310 0.328 0.320 0.315 0.274
0.20 0.290 0.292 0.290 0.285 0.190
0.25 0.250 0.251 0.249 0.208 0.180
room 0 0.240 0.232 0.229 0.227 0.193
temperature 0.15 0.310 0.260 0.230 0.220 0.140
0.20 0.290 0.250 0.200 0.192 0.122
0.25 0.250 0.230 0.220 0.205 0.120
garlic cooling 0 0.620 0.640 0.689 0.694 0.720
temperature 0.15 0.500 0.510 0.520 0.528 0.546
0.20 0.510 0.522 0.531 0.542 0.560
0.25 0.520 0.533 0.543 0.563 0.582

room 0 0.620 0.782 0.982 1.250 -
temperature 0.15 0.500 0.620 0.732 0.879 0.898
0.20 0.510 0.645 0.812 0.930 0.949
0.25 0.520 0.675 0.864 0.944 1.044
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Table 6. Effect of y -irradiation dose levels on the vitamin C content
of potato and garlic during storage at cooling and

room temperatures

(mg/1009)
storage irradiation storage period (month)
sample condition dose

&Gy) 0 1 2 3 5
potato cooling 0 11.92 10.27 8.74 7.66 6.39
temperature 0.15 10.88 9.56 8.21 7.69 6.48
0.20 10,91 9.35 8.32 7.74 6.68
0.25 10.39 9.21 8.18 7.68 6.51
room 0 11.92 9.12 8.38 7.49 7.10
temperature 0.15 10.88 9.15 8.65 7.56 6.80
0.20 10,91 9.19 8.84 7.14 6.21
0.25 10.39 9.02 8.56 7.36 6.56
garlic cooling 0 7.89 7.28 6.74 5.66 4.28
temperature 0.15 6.88 6.51 6.22 5.68 4.37
0.20 6.57 6.37 6.32 5.72 4.59
0.25 6.39 6.24 6.06 5.68 4.47
room 0 7.89 7.12 6.57 4.89 3.42
temperature 0.15 6.88 6.19 5.65 4.46 3.34
0.20 6.57 6.02 5.21 4.32 3.21
0.25 6.39 5.94 556 4.73 3.56
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Table 7. Proximate composition of nonirradiated and irradiated coms

Components Non-glutinous corns Glutinous corns
Q)

Control 5 kGy 10 kGy Control 5 kGy 10 kGy
Moisture 18.92 19.23 19.12 13.78 13.66 13.66
Carbohydrate 65.93 65.49 65.83 70.48 70.52 70.65
Protein 9.06 9.13 9.06 9.94 9.86 9.87
Fat 4.84 4.90 4.69 4.60 4.61 4.62
Ash 1.25 1.25 1.30 1.20 1.35 1.20

Table 8. Amylograph indices on nonglutinous and glutinous corn

starches isolated from nonirradiated and irradiated corn grains

Irradiation Initial Peak Peak 30 min Viscosity
dose (kGy) pasting Temperature height height at 50
Temperature( Ja ( ) (B.UD) (B-Ub B-.U)
Nonglutinous Corn (8%, dry basis)
0 71.5 88.5 890 490 1,085
0.5 71.5 88.5 880 430 1,000
1.0 71.0 87.5 870 405 950
2.0 70.5 87.0 840 380 880
3.0 70.5 86.5 775 305 720
4.0 70.5 86.0 730 245 585
5.0 70.0 85.5 600 175 440
10.0 69.0 84.0 390 65 170
Glutinous corn (&%, dry basis)
0 69.0 73.5 1,020 300 420
0.5 68.5 73.5 910 240 325
1.0 69.0 74.5 830 225 310
1.5 69.0 75.5 710 195 265
2.0 69.0 75.5 640 180 235
2.5 69.5 75.5 535 165 205
5.0 69.5 75.5 290 85 115
10.0 69.0 75.5 110 15 25

a Temperature at which the initial rise in the curve reached 10 B.U.
b Peak height after 30min holding at 95
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Table 9. Effect of ganmma-irradiation on thermal transition
characteristics of soybean proteins

Irradiation dose d (C ) H (mJ/mg protein)
Gy)
7S 11S 7S 11S
79.3+ 0.06 94.4+ 0.13 0.4+ 0.06 3.9+ 0.08
79.7+ 0.14 95.2+ 0.13 0.3+ 0.06 3.4+ 0.08
10 79.0+ 0.06 95.1+ 0.12 0.3+ 0.08 3.4+ 0.06

Td () : denaturation temperature,

H - enthalpy

Each value is the average of triplicate experiments.

aMean £ standard error (n=3).

b Significantly different from the nonirradiated control (p<0.01).

Table 10. Effect of gamma-irradiation
characteristics of soybean proteins

on

Tluorescence spectra

Irradiation dose Max. wavelength (nm) Intensity
Gy)
7S 11S 7S 11S
0 334.8+ 0.10 333.8+ 0.06 89.1+ 0.13 188.6+ 0.14
5 338.3+ 0.13 334.1+ 0.08 89.2+ 0.13 189.3+ 0.13
10 336.2+ 0.08 335.2+ 0.14 89.8+ 0.14 187.4+ 0.19

Each value is the average of triplicate experiments.

aMean £ standard error (n=3).

b Significantly different from the nonirradiated control (p<0.05).
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Table.11. Amino acid composition in the absence of 2-mercaptoethanol
of proteins extracted from nonirradiated and irradiated soybeans

Irradiation dose (kGy)

Amino acids

0 5 10
Cm-Cys 0.495 0.484 0.530
Asp 12.607 12.531 12.579
Thr 4.433 4.435 4.410
Ser 6.914 6.851 6.917
Glu 19.829 19.495 19.578
Gly 7.411 7.372 7.336
Ala 6.486 6.551 6.375
Val 5.782 5.720 5.664
Met 0.860 0.823 0.799
Ile 5.144 5.094 5.097
Leu 8.751 8.734 8.821
Tyr 1.796 2.478 2.794
Phe 4.595 4.630 4.641
Lys 5.959 5.943 5.710
His 2.403 2.374 2.340
Arg 5.902 5.865 5.782
Pro 0.634 0.620 0.626
Total 100.000 100.000 100.000
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Table. 12. Amino acid composition in the presence of 2-mercaptoethanol
of proteins extracted from nonirradiated and irradiated soybeans

Irradiation dose (kGy)

Amino acids

0 5 10
Cm-Cys 1.137 1.129 1.156
Asp 12.355 12.361 12.487
Thr 4.437 4.443 4.427
Ser 6.699 6.752 6.722
Glu 19.198 19.139 19.202
Gly 7.247 7.360 7.203
Ala 6.466 6.542 6.468
Val 5.918 5.742 5.871
Met 0.978 0.960 0.946
Ile 5.239 5.090 5.219
Leu 8.682 8.642 8.709
Tyr 2.304 2.536 2.505
Phe 4.686 4.746 4.678
Lys 5.880 5.913 5.787
His 2.288 2177 2.170
Arg 5.865 5.853 5.830
Pro 0.620 0.614 0.621
Total 100.000 100.000 100.000

- 77 -



Table 13. Physicochemical properties of the oils extracted from
nonirradiated and irradiated soybeansl

Irradiation dose (kGy)

Parameter

0 2.5 5 10
Acid value 0.2+ 0.1 0.2+ 0.1 0.2+ 0.1 0.3+ 0.1
Peroxide value(Meg/kg) 0.6+ 0.1 0.5+ 0.1 0.6+ 0.1 0.7+ 0.1
Dielectric constant 1.76 1.92 1.90 1.68
Viscosity (25 ) 48.10 50.20 51.10 47.60
Induction period (hr) 5.21a 8.15b 11.90d 9.06lc
Conjugated diene value(%) 0.10 0.10 0.11 0.15

Samples were analyzed immediately after y -irradiation and each
value was the average of triplicate determinations.

Values with same letter within each row are not significantly
different at p<0.05.
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Table 14. Fatty acid compositions of oil extracted from y -irradiated

soybeansl
(unit: relative weight %)
Irradiation dose (kGy)
Fatty acid
0 2.5 5 10
cu40 0.06 0.07 0.07 0.07
Cl60 9.63 10.01 10.08 10.17
Clkl 0.11 0.12 0.12 0.12
CIro 0.08 0.07 0.08 0.08
cis 3.86 3.96 3.89 3.72
C180 trans 0.06 0.06 0.06 0.06
t-ratio2 1.53 1.49 1.52 1.58
cis 20.69 21.01 20.91 20.81
Cia1l trans 1.51 1.54 1.56 1.51
t-ratio 6.80 6.83 6.94 6.77
cis 52.83 52.53 52.71 52.62
c1B82 trans - - - 0.08
t-ratio - - - 0.15
cis 9.96 9.64 9.62 9.87
Cci183 trans - - - -
t-ratio - - - -
CD0 0.37 0.36 0.34 0.30
c1 0.20 0.21 0.20 0.19
C20 0.49 0.47 0.45 0.41
cx0 0.13 0.13 - -

Fatty acids were analyzed immediately after y -irradiation and each
value was the average of triplicate determinations.

trans

Z-ratio (trans-fatty acid ratio) )= — x 100
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Table 15. Mutagenic effects of potato irradiated with gamma ray at a
dose of 0.25 kGy

Conc S9 mix y -irradiation TA98 TA100 TA1535 TA1537
(mg/plate)

potato 25 - - 26¥6 110¥17 25%2 971
8.3 - - 26¥1 12014 2157 1559
2.8 - - 27¥3 119¥11 26=%2 1553
0.9 - - 24761 33¥11 2374 1457
0.3 - - 2331 21+4 1751 1253
0 - - 38%31 7579 2571 1152
2-NF 0.01 - * 2647 ¥ 408
MNNG 0.01 - * 3751 ¥ 260
9-AA 0.08 - * 586 F 21
SAZ 0.0005 - * 128 10
25 - + 5272 16710 26¥1 30%4
8.3 - + 43¥6 200¥22 221 32=F12
2.8 - + 3674 21518 21713 32%3
0.9 - + 428 21523 167 32%3
0.3 - + 3BF¥2 19379 166 2979
0 - + 371 185%6 401 28%6
25 + + 3971 112%5 3374 23%8
8.3 + + 3613 123¥14 248 21%4
2.8 + + 29713 99%6 244 20+ 3
0.9 + + 3810 110¥18 25%2 19%2
0.3 + + 336 101¥16 25%¥3 20%6
0 + + 453 115719 27¥1 19%2
2-AF 0.01 + * 131458 1118¥84 95F% 17
2AA  0.002 + + 10756
25 + - 393 138%¥14 22¥4 16%5
8.3 + - 417 138%6 22%¥4 1072
2.8 + - 323 12011 193 133
0.9 + - 3511 12010 20¥3 13%5
0.3 + - 393 121¥11 16%1 8% 2
0 + - 398 135¥31 163 19%2

Conc. ; Concentraion, 2-NF ; 2-Nitrofluorene,
MNNG ; N-methyl-N"-nitro-N-nitrosoguanidine, 9-AA ; 9-Aminoacridine,
SAZ ; Sodium azide, c ; Cytotoxic effect
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Table 16. Mutagenic effects of garlic irradiated with gamma ray at a
dose of 0.25 kGy

Conc. S-9 mix y -irradiation TA98 TA100 TA1535 TA1537
(mg/plate)

25 + + 8% 3 19719 19%3 20% 2
8.3 + + 2554 14617 2974 245 3
2.8 + + 205 155%¥3 27%12 168
0.9 + + 206 1246 28%7 16¥4
0.3 + + 163 113¥13 215 12¥ 6
+ + 28¥2 148¥9 25%5 19% 2
2-AF 0.01 + * 132456 1118¥84 95% 17
2AA  0.002 + 107+ 8
5 + - 462 1936 20%6 175
8.3 + - 44354 176%¥ 17 21+3 8¥1
2.8 + - 33¥9 143¥12 13%6 93
0.9 + - 37¥4 14556 14%3 7% 3
0.3 + - 36¥2 1345 14%7 12%5
+ - 398 135¥3 116%3 19% 2
25 - - 2551 83¥4 2131 120F4
8.3 - - 5211 1232 422%4 32%2
2.8 - - 43¥2 101¥1 4193 23%5
0.9 - - 322 105%8 213 958
0.3 - - 282 138¥50 19%3 14%5
0 - - 38%3 17579 251 11%2
2-NF 0.01 - * 2647 ¥ 408
MNNG 0.01 - * 3751 ¥ 260
9-AA 0.08 - * 88F 21
SAZ 0.0005 - * 128 ¥ 10
25 - + 1¥2 6371 2453 C
8.3 - + 1553 1382 433%5 C
2.8 - + 26¥1 15410 38%7 c
0.9 - + 403 147%2 30F7 c
0.3 - + 357 14717 15%2 18%8
0 - + 403 203¥19 401 28%8

Conc. ; Concentraion, 2-NF ; 2-Nitrofluorene,

MNNG ; N-methyl-N"-nitro-N-nitrosoguanidine, 9-AA ; 9-Aminoacridine,
SAZ ; Sodium azide, c ; Cytotoxic effect

2-AF ; 2-Aminofluorene, 2AA ; 2-Aminoanthracene

* significantly different from the control (p < 0.01)
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Table 17. Mutagenic effects of Angelicae gigantis radix irradiated
with gamma ray at a dose of 12kGy

Conc. S-9 mix y -irradiation TA98 TA100 TA1535 TA1537
(mg/plate)

20 - + 43 1884 22¥5 13%2
6.7 - + 3710 17812 23¥2 10%3
2.2 - + 37¥1 196+18 153 12%3
0.7 - + 29%¥3 183%13 17¥3 17+8
0.2 - + 32F%¥2 174720 18F%2 14=%2
0 - + 371 185F6 40F%1 42%3

2-NF 0.01 - * 2647 ¥ 408

MNNG 0.01 - * 3751 F 260

9-AA 0.08 - * 588+ 21

SAZ 0.0005 - * 128+ 10
20 + + 21¥6 106¥12 23%¥5 21%5
6.7 + + 417 12231 23¥9 18%5
2.2 + + 38F%2 1467 25F%7 18%F4
0.7 + + 42F5 150F4 242 24%5
0.2 + + 41710 139%¥4 25%4 20%7
0 + + 465 148¥9 271 19%2

2-AF 0.01 + * 1314+ 58 1118¥ 84 95% 17 nd

2-AA 0.002 + * 107+ 6
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Table 18. Mutagenic effects of Aloe irradiated with gamma ray at a
dose of 10 kGy

conc. S-9 mix vy -irradiation TA98 TA100 TA1535 TA1537
(mg/plate)

20 + + 307 126714 2%7 28% 6
6.7 + + 305 124511 16%3 1955
2.2 + + 23¥4 10813 25%3 20% 9
0.7 + + 27¥4 110¥4 19%2 18 6
0.2 + + 37¥6 1097 25%8 18+ 6
0 + + 453 11519 25=%5 1952

2-AF 0.01 + * 1314+ 58 1118¥84 95% 17

2AA 0.002 + 107+ 6
20 - + 31¥3 23510 212 48=%9
6.7 - + 25¥3 219711 16¥2 40%13
2.2 - + 27¥2 182%28 137 36%5
0.7 - + 39%¥8 1646 1152 35%4
0.2 - + 313 136%11 102 376
0 - + 40¥3 20319 40F%1 4253

2-NF 0.01 - * 2647 ¥ 408

MNNG 0.01 - * 3751 ¥ 260

9-AA 0.08 - * 588+ 21

SAZ 0.0005 - * 128 10

Conc. ; Concentraion, 2-NF ; 2-Nitrofluorene,
MNNG ; N-methyl-N"-nitro-N-nitrosoguanidine,
9-AA ; 9-Aminoacridine, SAZ ; Sodium azide
2-A ; 2-Aminofluorene, 2AA ; 2-Aminoanthracene
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Table 19. Frequency of micronuclei in PCEs from bone marrow in mice
treated with potato irradiated with gamma ray at a dose of 0.25 kGy

Test Dose No. of mice MNPCE " Ratio % PCE/(PCE+NCE)
Compound ( 7 ) tested (Meant SD) (Meant SD)
D.W. 0 5 0.20+ 0.08 51.55+ 1.44
potato 2500 5 0.18+ 0.08 52.25+ 2.26
1250 5 0.13+ 0.15 50.99+ 1.44
MMC 0.05 5 1.44+ 0.35 55.62+ 1.46

MNPCE : Micronucleated polychromatic erythrocytes, PCE : Polychromatic
erythrocytes, NCE : normochromatic erythrocytes

Table 20. Frequency of micronuclei in PCEs from bone marrow in mice
treated with Angelicae gigantis radix or Aloe irradiated with gamma
ray

Test Dose No. of mice  MNPCE/1000 PCE PCE/ (PCE+NCE)
Compound ( 7 ) tested (Meant SD) (Meant SD)
D.W. 5 0.2+ 0.8 0.52+ 0.01
Angelicae gigantis radix(12 kGy)
2500 5 1.6+ 0.8 1.45+ 0.02
1250 5 1.7+ 0.6 0.53+ 0.02
Aloe (10 kGy)
2500 5 1.5+ 1.0 0.51+ 0.01
1250 5 1.5+ 1.0 0.53+ 0.01
MMC 0.05 5 1.44+ 3.5 0.56+ 0.01

MNPCE : Micronucleated polychromatic erythrocytes, PCE : Polychromatic
erythrocytes, NCE : normochromatic erythrocytes, MMC : mitomycin C

- 84 -



(A)

| F.f’/

g

—o— cont rol
—— )10 kisy

length of sprout (mm)

Pyl

L
Enny |
o [

100 | !

| /{
b

/ o= Con el

! —a— () 15 kiy

200 | /

100 JHF,JJ

=100

0 1 2 3 1 5

length of sprout (mm)

storage period{month)

Fig. 1. Effect of y -irradiation dose levels on the sprouting
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Fig. 6.SDS-polyacrylamide gel electrophoresis in the presence and
absence of 2-mercaptoethanol of extracted from aceton powder of

nonirradiated and irradiated soybeans.

AG1B/08/16 1528 § ¢ A8y

gl

JISIHEO0l 28 2R M3MEE 2 BEDMH /=8

=2 i

0z
>
x
o
=t
0
re
ke
O
1
kY
ez
O
Pl
0x
_\_J
&
x
>
0

NEEH



0 510 20 0 5 10 20

Irradiation dose (kGy)

Fig. 7. SDS-polyacrylamide gel electrophoresis in the absence of

2-mercaptoethanol of 7S and 11S fractions separated by column
chromatography. )
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1
10). ,
1990 1 19.9 kg 1995 27.5 kg 1.38
2D.2).
1995 1
6.0 kg
2. ,
1983  FAO/WHO
- 1990
s 0157
Toxoplasma ,

Salmonella Campylobacter
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D.

- Tapeworm Toxoplasma

Salmonella Campylobacter

60-80% Salmonella

, 100%  Campylobacter

10

) , Winger 29,
Yamamoto B) Miller X
, Brewer 3J)
, Bhattacharya

3D

- Gill Penney3®)

Harrison 3 Hart 3)

- 03 -



, Frederick Paul®)
Listeria monocytogenes

Mattison 3

Dickson  Maxcy3)

4

(sodium tripolyphosphate, STPP)

- 94 -

(100Krad)

500 Krad
Staphylococci

, Ehioba

BA)



1997

B).
5).
/
/
G )
(-20 ) , , ,
2
1.
» (997 1 28
)
» Meat Chopper

- 05 -



(Model NO. MN 22 S, FUJI) 500g polyethylene

ice box
ice box
( 570,000 Ci
Co-60) 0.7 kGy , 0.5, 1,
3, 5key , 1, 3, 7, 10 kGy , ceric cerous
dosimeter(USA) -
G ) (-20 )
2.
KHZPOA( 2 ) 34g 500ml IN NaOH
175ml 1L pH 7.2
- 1.25 ml
(NaCl 8.5g/L) 1L .
259 250ml 5
Iml  test tube 10



, g colony forming unit(CFU/Q)

D
APHA virp] plate count agar (Table 1). 3
900ml  Plate count agar(Merck) 20.25g hot plate
stirring - Autoclaving(121 , 15min) 50 water
bath petri dish O0.1ml
- 35 2 , 7
10 -
2) E.coli
chromocult coliform agar(Merck)
900ml  chromocult coliform agar 23.79g hot plate
50 petri dish (Table 2).
O0.1ml 35-37 24
pink coliform E.coli

3) Salmonella

Rambach agar(Merck) liquid-mix 1 vial 250ml
(Table 3). nutrient-powder 1 vial hot plate
stirring , 45-50 water bath
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petri dish

35 18-48

4) Listeria
Palcam Listeria selective agar(Merck)
Palcan Listeria selective agar 34.4g
autoclaving(121 , 15min) 50
Palcam Listeria selective supplement 1 vial

petri dish

35 48

ACACB)
Kjeldahl ,

Soxhlet

- pH

pH 10g  70ml

. 0.1ml

500ml

(Table 4).
2ml

0.1ml

105

( )

homogenizer(polytron 294. Kinematica AG Littau)

100ml pH meter(microprocessor pH/mvV/ meter. mode

18417, Hanna Instruments., made in Singapore)

0.05N NaCH

- 08 -

B,



- TBA(thiobarbituric acid)

Salih
%is) TBA ) 10g
(3.86% perchloric acid) 90ml 250ul
BHT(450mg/ml  ethanol) 30 Whatman No 1
Tilter paper - 2nl 0.02V thiobarbituric acid 2ml
mixing 17

spectrophotoneter(Unikon model 930, Kontron Instrument, Switzerland)

reagent blank 531nm .

- (acid value)
5-10g 200ml ethylether ethanol
(1:2) 100ml 5-6
- 0.1IN KOH ethanol

30

(ab) x Fx 5.611

S
a: 0.1N KOH (ml)
b: 0.1IN KOH QW))
F: 0.1 N KOH Tactor
S:
5.611: 0.IN KOH 1ml (5.611mg)
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- (volatile basic nitrogen)

10g 3oml
20% Trichloro acetic acid 10ml homogenizer 3
100ml - 10
Iml conway unit , 0.01IN

HBO4 1ml conway (0.066% methyl red 0.066% bromcresol green

1:1 ) 1ml (KZ03 120g
100ml ) 1ml
37 80 -
0.02N HZ04
).
100
VBN = 0.28x (X-b) x fx — (Nng )
0.1
X :
b :
T - 0.02N factor
0.1: ml @
Bligh Dyer5D , -
100g chloroform methanol(1 : 2 ) 300ml
- Tlask
100mlI  chloroform homogenizing , 100ml

(0.88% KC1 ) ;
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Morrison  Smith%) 0.2g Cap

‘tube 0.5N NaOH in Methanol 3ml
100 5 - BF3 4ml
100 30 30-40 2ml
- NaCl 10ml
Gas
Chromatography , Table 5 -

sigma chemical co. fatty acid methyl ester

10g 20ml
sulfosalicyric acid 1.5¢g 1
- membrane filter pH
2.0 -
10g
60 dry oven .
(1.6x16cm) 5mg 6N-HCI 5ml
110 24 - 2-3

evaporator 50

(Beckman system 6300, USA) -

Table 6 .
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subunit .

sodium dodecyl sulfate polyacrylamide gel electrophoresis(SDS-PAGE)

55)) - , 4 10mM Tris-HCI buffer
(pH7.0)
- 1%-SDS, 1%-ME, 20%-glycerol 10mM Tris -HCI
(pH 6.8) 100 1-2
- 20 , Gel separating gel
10%, stacking gel 4.5% - Sigma
Chemical Co. standard proteins(myosin heavy chain, MHC;

B-galactosidase, GALAC; phosphorylase, PHOS; bovine serum albumin,

BSA; egg albumin, EA; carbonic anhydrase, CA; soybean trypsin

inhibitor, STI, ; egg white lysozyme, LZ)

(relative mobilities) - gel
0.1% Coomassie brilliant blue R-250 ethanol

: acetic acid : HD (3:1:6, v/v) -

59 500ml 50ml watch
glass
2ml - 75ml
50ml
. Ca, Mg, Zn, Fe, Cu, Mn, Co

(Hitachi z-8100 Atpmic absorption Spectrophotometer), Na K(
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Varian-Spectro AA 300plus AAS), P(UV-Vis Spectrophotometer)
5. Interference suppressing agent Cesium
chloride(Na, K), Strontium chloride(Ca), Triton x-100

Table 7 .

- (myoglobin)
heme pigment Krzywickish)
50ml tube 4g

buffer(0.2M NazHPO4 98ml 0.2M NaHZP04 102ml

1000ml 0.04M-pH 6.8 ) 3oml
20 homogenizer buffer 20ml
ice bath 1 -
20 Spectrophotometer(Unikon
model 930, Kontron instrument, switzerland) 572, 565, 545,
525nm myoglobin,

oxymyoglobin, metmyoglobin -

[ Myo] = 0.369R1 + 1.140R2 - 0.941R3 + 0.015
[ Ox ] = 0.882R1 - 1.267R2 + 0.809R3 - 0.361

[ Met] = -2.514R1 + 0.777R2 + 0.800R3 + 1.098

[R1] ; A572/A525

[R2] ; AS65/A525

[R3] ; AS45/A525
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Rheometer(model CR-100,Sun Scientific

Co., LDL., Japan) -

30

Rheometer - »

Fig 1 -
Maximum load 2kg
Sample height 30mm
Clerarance 5mm
Probe No. 1 critical diameter 20mm
Chart speed 500mm/min
Table speed 20mm/min

kg -70 12

(Freezedryer system., Labconco, USA)

- Salmonella typhimurium
1) Ames test

Salmonella typhimurium LT2
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Salmonella typhimurium TA98, TA100, TA1535, TA1537 -
histidine , crystal violet , ampicillin

, Spontaneous .

2)

5k 10k y

2-aminofluorene(2-AF), 2-aminoanthracene(2-AA), 2-nitro-

Tluorene(2-NF), N-methyl-N"-nitrosoguanidine(MNNG), 9-aminoacridine

(O-An) .
3
Nutrient broth ,
Minimal glucose agar 0.5mM  Histidine/Biotin
Histidine 1-2 Top
agar - Table 8 -

4) S-9 fraction

Maron AmesEH)

. SD (¢, 8 , 2509) polychlorinated
bipheny 1 (PCB) Aroclor 1254 corn oil 200mg/ml
500mg/kg 1 4
- 3 0.15M KCI

- 105 -



S-9 fraction

- , S-9 fraction
O0.1ml  Top agar minimal glucose agar plating
5) S-9 mixture
In vitro Maron AmnesH)
cofactor S-9 mixture -
S-9 fraction 2ml
Salt solution AmI(1.65M KCI + 0.4 M MgCl-6HD)
1M Glucose-6-phosphate 0.25ml
0.1M NADP 2ml
0.2V Sodiumphosphate buffer(pH7.4) 25ml
Steril distilled water 19.75ml
6)
TA100 - Salmonella
typhimurium TA100 (2x 10%cells/ml)
O0.1ml, 0.1ml,
0.2M Na-Phosphate buffer 0.5ml  test tube 37 water bath
30 pre-incubation , Histidine/biotin
top agar 2.5ml minimal glucose agar
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plating

. Hist+

N

Maron

D

0 500 Lux 12

37

pre-incubation

SPF ICR

polycarbonate cage 5

2)

- 107 -

incubator 48
1
S-9 fraction

(.8 , 2509)

25+ 1 ,

55+ 5%,

30



5 . cage tag

3)
, % 2
mouse - kg 2500mg
24 2 24
Schmid (63)) - ,
, 1 Calf
serum (24gauge )]
1000rpm 5 -
5 -
2 4% Giemsa
30 -
4
Mitomycin C (0.5mg/kg) -
5)
Hayashi B acridine orange (0.5mg/ml) 20
slide glass ,

- 108 -



5 slide glass cover glass
. 1 1,000
(reticulocyte; RET)

(micronucleated reticulocyte; MNRET)

6)
Hayashi  5B) 3
-1 Hayashi

data , 2 MNRET

Cochran Armitage

( 0.05).

, Shelf-life
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3.0x

10ZFU/g, 1.5x 103RU/g, 2.0x 10ZFU/g, Listeria 4.2
x 10XFU/g (Table 9), 1.1x 104FU/g,
5.3x 103FU/g, 3.8x 10XRU/g, Listeria 3.2x 10XFU/g
Listeria, ,

(Table 10). Frederick Paul®)
(precooked-sliced beef roll) Listeria monocytogenes
1.9x 105CFU/g Listeria

- 9.5x 104FU/g,

7.5% 10XFU/g, 1.8x 104CFU/g, Listeria 2.7x 10XFU/g,
Salmonella 2.2x 103FU/g ,
Salmonella (Table 11).
, 3.0x 10ZFU/g
0.5key 1.5x 10XFU/g , 1lkGy
1kGy 0.6 log cycle
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, 3kGy (Table 9).

Listeria 4_2x 103FU/g 0.5kGy
1.5 log cycle 1.7x 10ZXFU/g , 1kGy
0.5kGy (Table 9). Dickson
Maxcy37)
2kGy 1.3 log cycle , bkGy

2.2 log cycle

1045FU/g 2kGy 4 _2x 101CFU/g SkGy

1kGy .

Table 10
1.1x 104CFU/g
0.5kGy 3.0x 103FU/g , 1kGy
. Listeria 0.5kGy

1.3 log cycle , 1k3Gy

0.5kGy
3.2x 103FU/g , 1kGy

1.8x 10ZXFU/g 1 log cycle
» 3key
Mattison )

1kGy
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Table 11

) 9.5x 104FU/g , 1koy
1.5x 103TFU/g 2 log cycle , 3kGy
) 1kGy
, 3kGy 1.5 log cycle , TkGy
6D). Chuang
& 2kGy
1.5 log cycle , 4kGy
Listeria 1kGy ,
Salmonel la 2.2x 103RJ/g
1kCy )
’ Salmonella
Salmonella spp
D10 1kGy
8,40). Mulderg) Salmonella panama  Escherichia
coli K 12 D-Value 0.65kGy  0.56kGy ,
Enterobacteriaceae  1/10 1kGy
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D

2 4.6x 103FU/g , 1kGy
4 4.2x 10TFU/g, 3kGy 8
103FU/g ,
(Table 12). Rhodes®) 3 5kGy
40
(microbiological-shelT life) 25
. 5kGy
- Lefebvre &)
2 10&FU/g, 5kCy 105RU/g
5.1x 103TRJ/g
. 3kGy
6 0.7x 10ZFU/g , 5kGy
(Table 13). Berry6)
, 6 5.4 log
CFU/g , 18 5.4 log CRU)/g
1.1x 104LFU/g ,
4 9.2x
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108FU/g - 3key 8 105CFU/g

, SkGy 10ZRU/g
(Table 14). 40
, Ehioba3®) 1kGy
1.5 log cycle
1.9x 103FU/g 6 2.8x 10XFU/g
, 3kGy 1.5x
10ZFU/g (Table 15). DOHEB)
HEWED) 105CFU/g
, 6
Table 16
9.5x 104CFU/g
104 10 0
. Egan 7D 108
8 2.1x
10CFU/g -

, Gardener??
- 1kGy

, 3kGy
2 8 2.0x 10XTFU/g
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7kGy

8
(Table 17) 1 4.6x 103FU/g ,
6 . 1kCy
1 2.0x 10ZFJ/g , 3kGy 4
6 0.5x 10ZFU/g , TKGy
2)
Table 12
1.5x 10XFU/g
4 4_2x 1068CFU/g
, 8 3.1x 108FU/g . 0.5koy
. 1kGy
4 5.8x 10XFU/g
. 3KGy
2 8 5.1x 10%CFU/g
- Lefebvre &) 1kGy
0.7 log cycle
. (Table 13),
104LFU/g , 0.5kGy
103FU/g, 1kGy 10ZFU/g , 3kGy
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(Table

14). 0.5kGy 4
6.6x 10CFU/g 3.3x 106CFU/g , 8
1.2x 10CFU/g 2.5x 106FU/g ) 1kGy
5.7x 104FU/g
, 3koy 8 4.8x 104FU/g . 5kGy
4
10ZFU/g - Ehioba
B ,
1 2 log
cycle - Mattison )
1kGy
3 2.5 log cycle
. (Table 15)
6.4x 10XFU/g
, 0.5kGy  1kGy 10ZFU/g ] 3kGy
4 6 2.1x
10ZFU/g
(Table
16). 1kGy
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4 1068CFU/g , 8 108CFU/g
. 3kGy 8 3.4x 106CFU/g
; 7kGy
4 104CFU/g 8 2.1x 1068CFU/g
(Table 17) 1kGy 6
104LFU/g , 3KGy 10ZFU/g
., TkGy 4 6 1.5x
10ZXFU/g . Barnes B
Pseudomonas
, Achromobacter  Coliform ,
- Kahan (61 Pseudomonas
2_5kGy s
Achromobacter -
3) E.coli
(Table 12), 2.0x 10ZTFU/g
8 1.2x
106CFU/g , 1kGy 2
4 2.2x 10ZLFU/g
8 5.6x 10XFU/g ] , 3koy
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E.coli

5.0x 10ZFU/g

0.5kGy
- B
104FU/g

(Table

10ZFU/g

10ZFU/g

(Table 14)

10ZFU/g

8
Lefebvre )
13) 0.5kGy
. E.coli
E.coli

- 118 -

2
7.5% 103TFU/g .
10ZFU/g , 2
, 1kGy
1 1.5x%
10ZXRU/g
E.coli
3.8x 103TRU/g
4



106CFU/g , 8 1.4x 10CFU/g

. 0.5kGy 2
8 2.0x 106CFU/g ,
1kGy 2 4
105FU/g , 3kGy
E.coli -
0.5kGy 6 10ZFU/g
, , 1kGy
(Table 15).
(Table
16). 1.8x 104FU/g
, 1kGy
2 1.1x 104FU/g ) , 3kGy
) )
2.1x 10XFU/g
10 1.0x 10£FRU/g, 41 1.1x
10TFU/g , 5kGy
10 , 8KGy
El-Wakeil ) 5, 10  15kGy

Coliform  Streptococci

E.coli

0.5x 10ZFU/g 8 4.8
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x 10XFU/g ; 1KGy

) (Table 17)
2.5x 10XFU/g , 6
. 1kGy
- o)
1 2
- (o)
102 CFU/g 20
103
4) Salmonella
Salmonella
2 1.7x 10XFU/g
8 2.0x 104FU/g -
0.5kGy
Salmonella (Table 12,13). Salmonella

Salmonella spp
cross-infection
2 %), Salmonella spp

D10
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1kGy ).
Salmonella ®  103MPN

101CFU/g Salmonella
Salmonella

- , ground beef

Salmonella (MGT:Mem Generation Times)
1 9.70x 10XFU/g, 7 6.41x 103FU/g
8).
Salmonella
(Tablel4,15). Salmonella
2 8 9.3x
106CFU/g . 0.5kGy 2
Salmonella 4
8 2 log cycle 4_6x 104FU/g
. 1kGy )
» Salmonella

Salmonella
10.
(Table 16,17) Salmonella

2.2x 10ZFU/g , 8
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2.0x 10%CFU/g - 1kGy

Salmonella 2
. 3KGy
- 1
2 1.5x 10ZFU/g 6
Salmonella - Kahan 6D
2_5kGy Salmonella
2_5kGy Salmonella

Salmonella 3 log cycle

aD.A).
Salmonella
1 8kGy t5%) Salmonella
4 5kGy D ;
5) Listeria
Listeria 4_2x 103FU/g
0.5kGy 2 log
cycle 1.7x 101CRU/g
. 1kGy
2 8 5.5x 10XFU/g
, 3KGy (Table 12).
2.2x 10TFU/g 6
. 1kGy

(Table 13). Frederick Paul %)
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Listeria 103TFU/g

(Table 14)
, 1lkGy
8 8.1x 10ZFJ/g
10ZXFU/g
Listeria
Listeria
Listeria 2.7x 10ZXFU/g
, 1lkGy
2 , 3kGy
(Table 16).
x 10ZFU/g 2
(Table 17).
- , 3kGy
cycle , TkGy

- 1238 -

3key

0.5kGy

. 1kGy

3kcy

.(Table 15)

Listeria

lkGy

1.5 log



Table 18 - © )
73%, 2%, 4_5%,
1.1% , 2 73.%%, 28.8%, 4.3%, 1.0%
, 4 72.1%, 28.1%, 4.8%, 1.0%
Brewer Harbersg8)
)
- pH
pH pH
5.5, 6.0, 6.1
pH (Table 19).
pH )

pH 5.5
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, Dahls)

» pH 5.7 4 55

pH 6.0 5.9, pH 6.2

pH

(Table 20).

- TBA ( thiobarbituric acid value )

carbonyl , TBA

malonaldehyde 2-thiobarbituric acid (TBA)

&B)- . ,

TBA -

- 125 -

pH

6.0

pH



(Fig 2)

TBA ,
4 » 8
3kGy 4 4
. Demeyerd))
TBA
, Gokalp D malonealdehyde carbonyl
compounds, amino acid, urea TBA
) malonaledehyde
glycoxal TBA %)
) (Fig 3) TBA
’ 6

. Bhattacharya 3D

TBA 12 16

Prooxidant Bromn D)

(Fig 4) 0.085

8 0.388

1kGy  3kGy 0.8
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» 4D TBA
0.02 4 0.13 TBA
. , Ehioba 3
TBA
, Mattison 3) TBA
TBA
6 , 3koy

0.863 0.157 5

(Fig 5). £ ,

6 TBA

Brewer 3) -
TBA Fig 6,7

- 0.186

, 3koy 2 0.3 3 0.9
4 (Fig 6). El-Wakeil %)
TBA
, D

free radical
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TBA . Chipault @)

peroxide carbonyl ,
] 1) TBA
26
6 (Fig
7).
TBA
, Marian  Forsythe3®)
heme , Miller
p.) TBA
4 6 - ’
Turner®) TBA 0.46 , 1)
0.25 ] ¥ii))
30 TBA 0.1
, Chuang®?) TBA 0.3 MAmg/kg
- , &) fresh TBA 0.43
. 0D} 0 , 0.2 MAmg/kg
10 0.43 MAmg/kg )
TBA
TBA
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Table 21 -

2.9 3.8 .
7.7 85 ;
2 1kGy
8 3Gy 4
6.3, 5.6
. 8 9.1, 19.4 ;
2 12.4 8 27.8
, 3KGy  7kGy 2 8.4 8.6
, 8
17.5 15.6 ;
1
3.4 3.9 , 6 5.0 5.8
; 1

10.8, 3kGy 10.7, 7kGy 9.8
, 6 13.7, 14.6,
14.7 ]

. Lefebwre 1@

, Urbaini®B) triglyceride( )]
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phospholipid » S0kGy

lipolytic enzyme ’
VBN
VBN 0
18Nmg% 20Nmg
, 2 50Nmg%
, 1kGy 2
, 3kGy 4 30Nmg%
2 60Nmg¥ VBN
8 VBN
Dierick 139 (Fig.
8, 9). VBN
26Nmgl ,
2 56NMgPh , 3kGy
34Nmg% ., TkGy
8 34Nmg (Fig 10).
6
30Nmg% ’
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VBN 14Nmg%  18Nmg% 6 20 24Nmg,
23Nmg% 31Nmgh (Fig. 11,12,13).
Lefebvre

¥ ammonia amine

Pseudomonas gram-negative bacteria
urea .
30Nmg%
s 30Nmg%
VBN
20Nmg% 1®).
12 .
palmitic
acid, stearic acid oleic acid, palmitoleic acid,
linoleic acid , DB
. Cannell 1®)
oleic acid , palmitic

acid, stearic acid
(Table 22,23),

- 109

oleic acid palmitic acid
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stearic acid ,

Moerck  Ball1®B) -

- , Gillis Eskinl®)
pentadecenoic heptadecenoic acid ,
heptadecenoic acid (17:0) -
12

oleic, palmitic, linoleic, stearic

myristic acid - oleic acid
45%, palmitic acid 23% , linoleic acid 14%
5% (Table
24.25).
, Reiser 110),11D,112)
. 9D Hilditchid)
, oleic acid,
palmitic acid, linoleic acid ,
, Chang Wattsl¥)

, Dimick Macnei 115
linoleic acid arachidonic acid

linoleic acid(18:2) arachidonic
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acid(20:4) 14.11%  1.2%

12.34% 1.03%

(Table 26)

oleic acid, palmitic acid, linoleic acid,

palmitoleic acid ,
38%) 60 64% .
palmitic acid »

(Table 27)

3% 21.65%

Dawson1i6) 70%

.

linoleic acid arachidonic acid

- 133 -

stearic acid

oleic acid(

21.1

. Lee



, B),117),118)

oleic acid palmitic
acid, linoleic acid ,
2 3 -
. Table 28
19
glutamine ,
alanine, glycine - cysteine asparagine
- 12
, glutamic acid 6 , aspartic acid, threonine, proline,
valine, methionine, isoleucine, leucine, phenylalanine 2 3

- Histidine, serine, asparagine
, glutamin, tyrosine, lysine, arginine 4
- Youn 119 lysine
, Penet 10)
alanine, glutamic acid, serine, glycine

, Cysteine tryptophan

- 134 -



3kCy
3kCy

acid lipase

glutamic acid
, asparagine

Penet 1D

alanine, valine

asparagine, proline,

, methionine, arginine
3 Khattak 120
lysosome
3. (Table 29)

glutamine, alanine

methionine

glutamine alanine glycine,
(Table 30). cysteine

10 , glutamnic acid,

6 . Aspartic acid,

histidine ’

glutamine, tyrocine, Arginine -

methionine
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lysine 3kGy ,

7S
lysine ; ) 4
3kGy ,
. (Table 31)
alanine glutamine , cystein methionin

Table 32
- alanine
serine, glutamic acid, glycine, aspartic acid
, lysine, threonine, leucine . Mottt 129

glutamic acid, aspartic acid, lysine, alanine
- , cystein
8 7KGy 3.9y W/g ,
glutamic acid, glycine, alanine, methionine, isoleucine, histidine

, arginine, glutamine -

7kGy methionine
, lysine
- alanine, serine, glutanic acid, glycine,
lysine

(Table 33).
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shelf-life .

(Table 34) glutamic acid
lysine asparagine, glutamine ,
glutamin asparagine amino

glutamic acid aspartic acid -
4 , histidine,

cystein, lysine, tyrosine 4

, Perrson 1%

(Table 35) glutamic acid aspartic acid

lysine, alanine -

(Table 36)

glutamic acid aspartic acid , alanine, lysine
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methionine cysteine ,

, glutanin  asparagine
amino -
, free radical
1%).
, S50kGy
18),120).
pH 1B),19).
SDS-PAGE
(Fig 14)
subunit , 2
. 4
116kDa(3 —-galactosidase, GALAC) 105kDa
band 8 ,
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45kDa(egg albumin, EA)

40kDa

, 4
2 band - 34kDa
2 -
(Fig 15)
Peter
1) myosin heavy chain
4 35
subunit , 105kDa
1kGy 8
) , 3kCy 45kDa(EA)
31kDa(carbonic anhydrase. CA) 3 40kDa, 37kDa,
32kDa) 37kDa subunit 2
8 (Fig 16).
band (Fig
17).
205kDa
(myosin heavy chain)  subunit ,
, 116kDa(GALAC) 105kDa
band 4 band
8 2 band , 45kDa(EA)
31kDa(carbonic anhydrase. CA) 40kDa, 35kDa, 33kDa
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35kDa  33kDa  band 2 35kDa

band 4
32kDa band , 8
3KGy band (Fig 18).
(Fig 19) band
. D 10
4 37
2 4 band
, 12 205kDa(myosin  heavy

chain) band -

Wolf  SamejimalB) , pH
, Yasui %)

pH ;

Table 37 39

potassium, phosphorus, sodium, magnesium
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, - Quaranta 3,

Urbain 1¥)
. Fe
3 , Ca, Mn
Zn > > )
Co
Doornenbal Murrayl3)
K1 P1 Na1 Mg ’ ’ ’
Na K 1
5, Mg Na 1:2
Mott 2] Zn 1.8 /100g(wet weight
basis)
(heme pigment)
1
(myoglobin)
Myoglobin oxymyoglobin metmyoglobin
, (Table 40) metmyoglobin
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metmyoglobin 139,

00
TBA
4
(Table 41)
, 2
7S
(Table 42) metmyoglobin
» metmyoglobin
4 ’
metmyoglobin
2
(Table 40,42).
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Brewer  Harbersg8)

26
myoglobin
myoglobin
).
texture
- (Table 43) hardness( )]
cohesiveness( )] ,
(adhesiveness) (springiness)
3key .
1kGy 3key
(Table 44) hardness  cohesiveness
texture ,
hardness adhesiveness 3kGy

7kGy
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texture parameter

(Table 45).
texture
. Sasayama 13 texture
3.
- Salmonella typhimurium
D
8.3mg/plate
» plate
2)

S. typhimurium TA 98, TA100, TA1535 TA1537

Table 46 48 -

> Y
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0.1 8.3mg/plate

Yy -
S-9 mixture
S. typhimurium
salmonella typhimurium
Thayer 1) ,
Mittleld)
2
Y
In vivo
» Table 49 -
Y
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1250-2500mg/plate
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Table 1. Composition of plate count agar per liter

Peptone 5.0g
Yeast extract 2.5¢g
Glucose 1.09
Agar-agar 14.0 9

Final pH 7.0 = 0.2 at 25

Table 2 Composition of chromocult coliform agar per liter

Peptone 50¢g
Sodium chloride 50¢g
Sodium dihydrogenphosphate 2.2 9
Disodium hydrogenphosphate 2.7 9
Tryptophan 10g
Sodium pyruvate 10g
Tergitol 70.15 g
Solbitol 1.09
Chromogenic mix 0.2 9
Agar-agar 10 g

Final pH 6.8 =+ 0.1 at 25
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Table 3. Composition of Rambach agar per

liter

Peptone

Sodium chloride
Sodium deoxycholate
Chromogenic mix
Propylene glycol

Agar-agar

8094
500
109
159
10.5 g
15.0 g

Final pH 7.3+ 0.2 at 25

Table 4. Composition of Palcam Listeria selective agar per liter

Peptone

Starch

Sodium chloride
Agar-agar

Mannitol

Ammonium iron citrate
Aesculin

Dextrose

Lithium chloride

Phenol red

239

109
500
13.0 g
10.0 g
0.5¢g
0.8¢g
0.5¢g
15.0 g
0.08 g

Final pH 7.0+ 0.1 at 25
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Table 5. Operating conditions of GLC for analysis of fatty acids

Instrument Hewlett Packard 5890 series
Detector Flame ionization detector
Collumn HP FFAP(30mm x 0.53mm x 1.0y m Film

thickness,U.S. patent No. 4, USA)

Oven temp. programmed from 160 to 220 at 5 /min
Injector temp. 230
Detector temp. 250

Carrier gas, flow rate N2 (Iml/min)

Table 6. Operating conditions of Amino acid analyzer for analysis

amino acids

Instrument System 6300 hyperperformence analyzer(Beckman)
Column Li 10 column No. 338051 ion-exchange(Beckman)
Analysis time 150min

Buffer flow rate 20ml/hour

Ninhydrin flow rate 10mi/hour

Collumn pressure 1380 psi

Buffer change steps Li A-Li D-LiI E-i F
Optimum sample quantity 50

N2 gas pressure 40psi
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Table 7. Operating conditions of AAS for analysis of minerals

Ca Mg F Zn C M1 Na K

Wave length
o 4227 285.2 248.3 213.9 342.8 279.6 589 766.5
Discharge current
7.5mA
™)
Fuel flow rate
) 1.9 1.7 2.0
Q@ /min)
Burmer height
normal 7.5
(mm)
Alr pressure
P 160 kpa
o/ )
Co P
wave length (hm) 240.7 714.0
Ashing temp 600
Atomizing temp 2300
Injection volumn 20
Method external
Tube type pyrolytic platform coated tube

- 164 -



Table 8. Composition of culture media and reagent used

Ingradients

Nutrient Broth (per liter, Distilled water)
Nutrient broth 8g
NaCl 9
5.0x Vogel Bonner E medium (per liter, Distilled water)

MgSO4 7HD 10g
Citric acid monohydrate 100g
KHPO4 500g
NaHNHA(PO4 4H2D) 1759

Top agar (per liter, Distilled water)

Bacto agar 69
NaCl 59
0.5mM  histidine/biotin solution 100ml

0.5mM Histidine/biotin solution

L-Histidine (F.W,191.7) 24_0mg
D-Biotin (F.W. 247.3) 30.9mg
Distilled water 250ml

0.2M Sodium phosphate buffer (pH 7.4)
0.2M NaHZ04 HD (27.6g/1) 120ml
0-2M NaHPO4 (28.4g/1) 880ml
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Table 9. Effect of gamma irradiation on the inactivation of

microorganisms in beefl (unit: CRUV/g)
Irradiation dose (kGy)

Microorganism

0 0.5 1 3 5
Coliforms 2.0 x 102 ND2 ND ND ND
E. coli ND ND ND ND ND
Salmonella ND ND ND ND ND
Total bacteria 3.0 x 102 1.0 x 102 ND ND ND
Psychrophile 1.5 x 103 6.0 x 102 5.5 x 102 ND ND
Listeria 4.2 x 103 1.7 x 102 ND ND ND

JEach value represents the mean of duplicate determinations.

AD: not detected
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Table 10. Effect of gamma irradiation on the inactivation of

microorganisms in porkl (unit: CRUV/g)
Irradiation dose (kGy)
Microorganism

0 0.5 1 3 5
Coliforms 3.8 x 103 ND2 ND ND ND
E. coli ND ND ND ND ND
Salmonella ND ND ND ND ND
Total bacteria 1.1 x 104 3.0 x 103 ND ND ND
Psychrophile 5.3x103 3.8x103 5.0 x 102 ND ND
Listeria 3.2 x103 1.8 x 102 ND ND ND

Each value represents the mean of duplicate determinations.

AD: not detected
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Table 11. Effect of gamma irradiation on the inactivation of

microorganisms in chickenl

(unit: CFUV/g)

Irradiation dose (kGy)

Microorganism

0 1 3 7 10
Coliforms 1.8 x 104 ND2 ND ND ND
E. coli ND ND ND ND ND
Salmonella 2.2 x 103 ND ND ND ND
Total bacteria 9.5x 14 1.5 x 103 ND ND ND
Psychrophile 7.5 x 103 9.3 x 103 3.0 x102 ND ND
Listeria 2.7 x 102 ND ND ND ND

Each value represents the mean of duplicate determinations.

AD: not detected
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Table 12.

Effect

of gamma

irradiation on

microorganisms in beef during storage at 5 1

the

growth of
(unit: CFRU/g)

Irradiation Microorganisms Storage period (weeks)
Dose(kGy) 0 2 4 8
Coliforms 2.0x102 2.4 x104 1.7 x 105 1.2 x 106
E. ocoli ND2 50x102 1.0 x 103 7.5 x 103
Salmonella ND 1.7 x 103 2.0 x 103 2.0 x 104
0 Total bacteria 3.0 x 102 4.6 x 103 6.3 x 105 1.2 x 107
Psychrophile 1.5x 103 1.3 x 105 4.2 x 106 3.1 x 108
Listeria 4.2 x 103 8.4 x 103 1.5 x 104 4.0 x 105
Coliforms ND ND 1.1 x 104 2.8 x 105
E. ocoli ND ND ND ND
Salmonella ND ND ND ND
0-5 Total bacteria 1.0 x 102 6.3 x 103 5.1 x 104 9.2 x 106
Psychrophile 6.0 x 102 2.2 x 103 2.3 x 106 0.5 x 108
Listeria 1.7 x 101 2.5 x 102 4.6 x 103 1.7 x 104
Coliforms ND ND 2.2 x 102 5.6 x 103
E. ocoli ND ND ND ND
1 Salmonella ND ND ND ND
Total bacteria ND 7.5x101 4.2 x 102 8.1 x 104
Psychrophille 5.5 x 102 1.6 x 103 5.8 x 103 6.2 x 105
Listeria ND 1.5 x 102 9.2 x 102 5.5 x 103
Coliforms ND ND ND ND
E. ocoli ND ND ND ND
Salmonella ND ND ND ND
3 Total bacteria ND ND ND 2.7 x 103
Psychrophile ND 0.4 x 101 4.2 x 102 5.1 x 105
Listeria ND ND ND ND
Coliforms ND ND ND ND
E.coli ND ND ND ND
Salmonella ND ND ND ND
> Total bacteria ND ND ND ND
Psychrophille ND ND ND 1.5 x 10
Listeria ND ND ND ND

JEach value represents the mean of duplicate determinations.
AD: not detected
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Table 13. Effect of gamma irradiation on the growth of microorganisms

in beef during storage at -20 1 (unit: CRU/Q)
Irradiation _ _ Storage period (months)
Microorganisms
Dose(kGy) 1 2 4 6
Coliforms 2.2x102 2.6 x104 25x 102 2.5x 102
E. coli 1.5 x 102 ND ND ND
0 Salmonella ND2 ND ND ND

Total bacteria 5.1 x 103 5.2 x 103 5.2 x 103 5.4 x 103
Psychrophile 2.1x104 23 x104 3.2x104 3.5x 104

Listeria 22x102 2.4x102 2.5x 102 2.4 x 102
Coliforms 15x102 1.4x102 1.2 x102 1.2 x 102
E. coli ND ND ND ND
Salmonella ND ND ND ND
0-5 Total bacteria 4.8 x 103 4.8 x 103 5.0 x 103 5.0 x 103
Psychrophile 2.1 x103 3.6 x103 5.5x 103 5.7 x 103
Listeria 1.3x 101 1.5x101 1.6 x101 1.5x 101
Coliforms ND ND ND ND
E. coli ND ND ND ND
1 Salmonella ND ND ND ND
Total bacteria 1.0 x 103 1.0 x 103 1.2 x 103 1.1 x 103
Psychrophile 3.5x102 5.1 x102 6.7 x 102 8.0 x 102
Listeria ND ND ND ND
Coliforms ND ND ND ND
E. coli ND ND ND ND
Salmonella ND ND ND ND
3 Total bacteria 2.0 x 102 1.5 x 102 1.1 x 102 0.7 x 102
Psychrophile ND ND ND ND
Listeria ND ND ND ND
Coliforms ND ND ND ND
E.coli ND ND ND ND
Salmonella ND ND ND ND
> Total bacteria ND ND ND ND
Psychrophile ND ND ND ND
Listeria ND ND ND ND

Each value represents the mean of duplicate determinations.
AD: not detected
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Table 14. Effect of gamma irradiation on the growth of microorganisms

in pork during storage at 5 1 (unit: CRU/Q)
Irradiation _ : Storage period (weeks)
Microorganisms
Dose(kGy) 0 2 4 8
Coliforms 3.8x103 1.4x105 2.8x106 1.4 x 107
E. coli ND2 ND ND ND
o Salmorella ND 2.7 x 102 3.8 x 104 9.3 x 106

Total bacteria 1.1 x 104 5.2 x 104 9.2 x 105 7.7 x 107
Psychrophile 53x103 2.6 x 105 6.6 x 107 1.2 x 109

Listeria 3.2x103 1.5x 104 8.7 x 104 3.3 x 105
Coliforms ND 1.0 x 102 2.5 x 104 2.0 x 106

E. coli ND ND ND ND
0.5 Salmonella ND ND 3.5x102 4.6 x 104
Total bacteria 3.0 x 103 4.3 x 104 8.5 x 105 6.3 x 107
Psychrophile 3.8x103 1.2 x 105 3.3 x 106 2.5 x 108
Listeria 1.8 x 102 5.0 x 102 3.7 x 103 7.5 x 103
Coliforms ND ND 1.1 x 104 1.9 x 105

E. coli ND ND ND ND

1 Salmorella ND ND ND ND
Total bacteria ND 7.3 x102 4.6 x104 5.7 x 106
Psychrophile 5.0 x 102 2.3 x 103 5.7 x 104 6.4 x 106
Listeria ND 2.7 x101 1.7 x102 8.1 x 102

Coliforms ND ND ND ND

E. coli ND ND ND ND

3 Salmorella ND ND ND ND
Total bacteria ND 1.2 x 101 7.3 x 103 2.9 x 105
Psychrophile ND 0.6 x 101 2.8 x 103 4.8 x 104

Listeria ND ND ND ND

Coliforms ND ND ND ND

E.coli ND ND ND ND

5 Salmorella ND ND ND ND
Total bacteria ND ND 1.1 x 101 2.3 x 102
Psychrophile ND ND 2.6 x 102 1.8 x 103

Listeria ND ND ND ND

JEach value represents the mean of duplicate determinations.
AD: not detected
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Table 15. Effect of gama irradiation on the growth of

microorginanisms pork during storage at -20 1 (unit: CRU/g)
Irradiation _ : Storage period (months)
Microorganisms
Dose(kGy) 1 2 4 6
Coliforms 25x102 2.1 x102 2.3 x102 2.5 x 102
E. coli ND2 ND ND ND
o Salmonella ND ND ND ND

Total bacteria 1.9 x 103 2.6 x 103 2.2 x 103 2.8 x 103
Psychrophile 6.4 x103 85x103 1.1 x104 1.2 x 104

Listeria 2.0x 102 2.4 x 102 1.6 x 102 2.1 x 102
Coliforms ND 1.2 x 102 1.1 x 102 1.4 x 102

E. coli ND ND ND ND

g  Salmorella ND ND ND ND
Total bacteria 1.3 x 103 1.2 x 103 1.3 x 103 1.5 x 103
Psychrophile 3.7 x 102 6.5 x 102 8.0 x 102 1.4 x 103
Listeria 0.5x 102 1.0 x 102 0.7 x 102 0.5 x 102

Coliforms ND ND ND ND

E. coli ND ND ND ND

L Salmorella ND ND ND ND
Total bacteria 5.6 x 102 5.2 x 102 5.6 x 102 5.4 x 102
Psychrophile 0.8 x 102 1.6 x 102 3.7 x 102 5.4 x 102

Listeria ND ND ND ND

Coliforms ND ND ND ND

E. coli ND ND ND ND

5 Salmorella ND ND ND ND
Total bacteria 1.5 x 102 1.7 x 102 1.2 x 102 1.5 x 102
Psychrophiile ND ND 1.8 x 102 2.1 x 102

Listeria ND ND ND ND

Coliforms ND ND ND ND

E.coli ND ND ND ND

: Salmorella ND ND ND ND

Total bacteria ND ND ND ND

Psychrophiile ND ND ND ND

Listeria ND ND ND ND

JEach value represents the mean of duplicate determinations.
AD: not detected
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Table 16. Effect of gamma irradiation on the growth of microorganisms

in chicken during storage at 5 1 (unit: CRU/Q)
Irradiation _ Storage period (weeks)
Microorganisms
Dose(kGy) 0 2 4 8
Coliforms 1.8 x104 3.8 x 105 8.7 x 106 5.7 x 106
E. coli ND2 ND 0.5x 102 4.8 x 103
0 Salmonella 2.2x102 79x104 1.0x 105 2.0 x 105

Total bacteria 9.5 x 104 2.7 x 106 9.2 x 105 2.1 x 107
Psychrophile 7.5x103 2.3 x 106 5.6 x 106 8.6 x 108

Listeria 2.7x102 7.6 x 103 0.7 x 104 6.0 x 104
Coliforms ND 1.1 x 104 1.6 x 104 2.1 x 105
E. coli ND ND ND ND

L Salmonella ND 2.0 x 102 6.1 x 103 4.7 x 104
Total bacteria 1.5 x 103 6.8 x 104 5.6 x 105 1.7 x 107
Psychrophile 9.3x103 1.2 x 105 3.3 x 106 2.5 x 108
Listeria ND 5.0 x 102 3.7 x 103 7.5 x 103
Coliforms ND ND ND ND
E. coli ND ND ND ND

5 Salmonella ND ND ND ND
Total bacteria ND 7.2 x 101 1.0 x 102 2.0 x 102
Psychrophii le 3.0x 102 4.2 x 103 2.7 x 104 3.4 x 106
Listeria ND ND ND ND
Coliforms ND ND ND ND
E. coli ND ND ND ND

. Salmonella ND ND ND ND
Total bacteria ND ND ND ND
Psychrophii le ND ND 1.5 x 104 2.1 x 106
Listeria ND ND ND ND
Coliforms ND ND ND ND
E.coli ND ND ND ND

0 Salmonella ND ND ND ND
Total bacteria ND ND ND ND
Psychrophii le ND ND ND ND
Listeria ND ND ND ND

AD: not detected
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Table 17.

Effect of gamma irradiation on the growth of

microorganisms in chicken during storage at -20 1

(unit: CRU/g)

Irradiation _ i Storage period (months)
Microorganisms
Dose(kGy) 1 2 4 6
Coliforms 25x103 1.9x103 2.5x 103 2.3 x 103
E. coli ND2 ND ND ND
0 Salmonella ND 1.5x102 1.2 x 102 1.0 x 102
Total bacteria 46 x 103 4.9 x103 4.4 x 103 4.8 x 103
Psychrophile 29x104 3.6x104 43 x14 5.6 x 14
Listeria 2.1 x 102 ND ND ND
Coliforms ND ND ND ND
E. coli ND ND ND ND
1 Salmonella ND ND ND ND
Total bacteria 2.0x102 1.8x102 1.2 x 102 1.6 x 102
Psychrophile 6.6 x103 1.3 x14 15x104 2.1 x 104
Listeria ND ND ND ND
Coliforms ND ND ND ND
E. coli ND ND ND ND
3 Salmonella ND ND ND ND
Total bacteria ND ND ND 0.5 x 102
Psychrophile 35x102 4.8 x102 7.7 x 102 1.3 x 103
Listeria ND ND ND ND
Coliforms ND ND ND ND
E. coli ND ND ND ND
- Salmonella ND ND ND ND
Total bacteria ND ND ND ND
Psychrophile ND ND ND 1.5 x 102
Listeria ND ND ND ND
Coliforms ND ND ND ND
E.coli ND ND ND ND
10 Salmonella ND ND ND ND
Total bacteria ND ND ND ND
Psychrophile ND ND ND ND
Listeria ND ND ND ND

AD: not detected
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Table 18. Changes in proximate composition of nonirradiated

and irradiated beef, pork and chicken during storage at 5 and -20

Sample rent radiation Storage period
p OOTTD(? dose(kGy) 5 (weeks) -20  (months)
Q) 0 2 4 1 6

0 73.2 73.9 72.1 72.5 71.2

Moisture 1 74.2 73.8 71.0 73.5 71.8

3 74.1 73.9 72.8 72.1 71.3

0 295 28.8 28.1 29.4 289

Crude protein 1 30.1 28.8 29.2 30.3 29.4

3 290 289 290 29.3 29.2

Beet 0 4.5 4.3 4.8 4.0 4.3

Crude lipid 1 4.4 4.6 4.9 4.2 4.1

3 4.2 4.6 4.8 4.3 4.6

0 1.1 1.0 1.0 1.1 1.0

Crude ash 1 1.3 1.1 1.1 1.1 1.2

3 1.2 1.1 1.0 1.1 1.1

0 75.8 72.6 72.0 72.5 72.1

Moisture 1 71.9 71.8 71.6 71.2 7.08

3 72.1 72.8 72.5 72.1 71.7

0 30.8 30.1 298 29.7 29.8

Crude protein 1 30.2 29.2 29.7 30.9 29.9

Pork 3 296 296 29.2 28.0 29.4

0 6.5 6.3 6.0 6.9 6.4

Crude lipid 1 6.1 6.4 6.7 6.2 6.6

3 6.1 6.0 6.9 6.3 6.0

0 1.1 1.0 1.0 1.0 1.0

Crude ash 1 1.1 1.0 1.0 1.1 1.0

3 1.2 1.1 1.1 1.0 1.1

0 74.6 74.6 4.7 74.8 74.1

Moisture 3 75.3 75.8 74.8 75.0 74.4

7 75.4 75.3 75.7 75.2 74.4

0 296 31.4 29.8 30.2 30.1

Crude protein 3 31.0 294 304 30.1 29.8

_ 7 30.8 295 295 292 295

Chicken 0 20 23 24 2.4 23

Crude lipid 3 2.2 2.2 2.0 2.9 2.6

7 2.4 2.0 2.5 2.6 2.5

0 1.1 1.2 1.1 1.1 1.1

Crude ash 3 1.1 1.2 1.0 1.1 1.0

7 1.1 1.1 1.0 1.0 1.0

JEach value represents the mean of duplicate determinations.
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Table 19. Changes in pH of nonirradiated and irradiated beef, pork,
and chicken during storage at 5 and -20 1
Storage period
radiation
Sample 5 (weeks) -20 (months)
dose(kGy)
0 2 4 8 1 2 4 6
0 55 58 58 57 57 5.6 55 5.6
Beef 1 56 57 58 56 5.7 55 57 5.6
3 56 5.7 57 5.7 56 55 54 57
0 6.0 6.0 6.0 6.3 6.0 6.0 5.8 5.9
Pork 1 59 59 6.0 6.5 59 59 59 6.1
3 59 6.0 6.2 64 59 5.8 6.0 6.0
0 6.1 6.1 6.5 6.5 6.2 6.0 6.0 6.1
Chicken 3 6.0 6.0 6.1 6.3 6.0 6.0 6.0 6.0
7 6.0 6.0 6.1 6.2 6.0 6.0 6.0 6.0

JEach value represents the mean of duplicate determinations.
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Table 20. Changes in acidity of nonirradiated and irradiated beef,

pork and chicken during storage at 5 and -20 1
Storage period
Irradiation
Sample 5 (weeks) -20 (months)
dose(kGy)
0 2 4 8 1 2 4 6
0 10.6 9.2 9.2 10.2 9.4 10.2 10.3 10.4
Beef 1 10.4 10.5 10.5 10.3 10.2 10.3 10.3 10.2
3 10.2 9.9 9.7 9.6 10.1 10.0 10.4 10.0
0 9.8 8.9 9.0 8.8 89 8.9 9.3 9.8
Pork 1 9.4 93 9.0 838 8.7 8.9 8.9 095
3 9.3 85 8.3 8.0 8.6 8.7 85 97
0 11.2 10.0 9.6 9.8 11.5 11.9 11.8 11.9
Chicken 3 11.3 11.5 11.0 10.6 11.9 11.8 11.3 11.6
7 11.3 11.4 11.2 10.8 11.8 11.3 11.9 11.5

JEach value represents the mean of duplicate determinations and

expressed as titration ml 0.05N NaOH.
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Table 21. Changes in acid value of nonirradiated and irradiated beef,

pork and chicken during storage at 5 and -20 1

Storage period
Samples L 5 (weeks) -20 (months)
Irradiation
dose (kGy) O 2 4 8 1 2 4 6
0 3.7 54 7.8 155 34 62 50 55
Beef 1 3.8 5.8 8.4 16.0 35 57 56 58
3 35 4.4 6.3 9.1 36 55 54 53
0 29 57 7.5 15.0 33 43 53 54
Pork 1 3.3 8.2 11.9 135 3.7 48 52 57
3 35 4.2 56 19.4 39 48 53 50
0 8.5 12.4 15.4 27.8 10.8 11.3 11.9 13.7
Chicken 3 8.3 8.4 11.4 175 10.7 10.4 12.6 14.6
7 7.7 8.6 12.7 15.6 9.8 9.9 11.5 14.7

Each value represents the mean of duplicate determinations and
expressed as titration ml of 0.1N KOH.
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Table 22. Changes in fatty acid composition of nonirradiated and
irradiated beef during storage at 5 1 unit: %)

Storage period (weeks)

Fatty 0 2 4 8

acids

Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kOy 3kGy Cont 1kGy 3kGy

14:0 2.91 2.76 2.76 2.84 2.99 2.66 2.67 2.97 2.21 2.78 1.67 2.90

14:1 0.88 0.84 0.86 0.9 0.91 0.76 0.75 0.83 0.59 0.85 0.08 0.85

16:0 28.8 28.27 28.2 28.4 28.9 27.9 27.3 20.3 29.1 28.0 25.7 28.6

16:1 4.32 4.47 452 4.77 4.71 4.41 4.17 4.01 4.18 4.21 3.77 4.39

17:0 0.75 0.74 0.77 0.72 0.75 0.76 0.79 0.81 0.82 0.78 0.39 0.81

18:0 13.4 13.26 13.3 12.6 12.9 13.6 13.9 13.8 14.9 13.8 11.7 13.9

18:1 41.8 42.49 43.0 43.5 43.0 43.2 429 42.4 41.8 42.6 49.9 42.2

18:2 4.38 4.62 4.24 4.01 3.80 4.50 5.0 3.85 4.29 4.58 3.02 3.96

18:3 0.23 0.17 0.17 0.15 0.14 0.16 0.20 0.15 O0.16 0.18 0.88 0.15

20:1 0.72 0.59 0.59 0.62 0.53 0.62 0.58 0.64 0.60 0.58 1.37 0.61

20:4 142 145 121 1.101.011.23 1.31 0.97 1.07 1.26 1.27 1.06

22:0 0.28 0.28 0.24 0.23 0.20 0.24 0.31 0.21 0.23 0.26 0.27 0.49

SFA  46.2 43.41 45.3 44.9 43.8 45.1 45.0 44.9 47.3 45.7 39.1 46.7

PUFA 6.04 6.25 5.63 5.27 4.96 5.90 6.52 4.98 5.53 6.02 5.18 5.18

P/S 0.13 0.14 0.12 0.11 0.11 0.13 0.14 0.11 0.11 0.13 0.13 0.11

Each value represents the mean of duplicate determinations
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Table 23. Changes in fatty acid composition of nonirradiated and
irradiated beef during storage at -20 1 unit: %)

Storage period (months)

Fatty

acids 1 2 4 6

Cont 1kGy 3kGy Cont 1kOy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy

14:0 2.88 2.69 2.95 2.70 2.87 2.89 2.84 2.83 2.74 2.8 2.73 2.82

14:1 0.96 0.90 0.97 0.86 0.87 0.86 0.9 0.86 0.82 0.90 0.89 0.83
16:0 28.5 27.8 28.7 27.3 28.5 28.5 28.2 28.5 28.7 28.1 27.1 28.2
16:1 4.67 4.46 4.83 4.57 4.72 4.50 5.03 4.53 4.34 4.57 4.71 4.61

17:0 0.74 0.73 0.73 0.82 0.73 0.76 0.77 0.75 0.78 0.80 0.74 0.77

18:0 13.0 12.7 12.7 13.4 13.1 13.2 12.6 13.2 13.5 13.2 12.9 13.3
i 4 2 6 6 4 4 2 5 0 7 0 8

18:1 43.5 42.6 43.3 43.6 42.2 42.6 43.1 42.8 42.9 42.6 43.2 42.9
18:2 3.71 4.56 3.90 4.47 4.66 4.42 4.22 4.35 4.19 4.48 5.19 4.31
18:3 0.17 0.17 0.14 0.16 0.17 0.15 0.16 0.16 0.14 0.16 0.18 0.17
20:1 0.60 0.57 0.62 0.49 0.48 0.51 0.49 0.50 0.50 0.49 0.48 0.51
20:4 0.96 1.39 0.9 1.26 1.36 1.29 1.31 1.251.16 1.34 1.62 1.22
22:0 0.19 1.33 0.02 0.33 0.31 0.27 0.31 0.25 0.24 0.35 0.29 0.28
SFA  45.4 43,5 45.2 44.6 43,5 45.7 44.8 43.6 45.9 45.4 41.9 454
PUFA 4.86 6.13 5.04 5.90 6.20 5.87 5.70 5.76 5.50 6.00 6.99 5.71

P/S 0.10 0.14 0.11 0.13 0.14 0.12 0.12 0.13 0.11 0.13 0.16 0.12

Each value represents the mean of duplicate determinations
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Table 24. Changes iIn fatty acid composition of nonirradiated and
irradiated pork during storage at 5 1 unit: %)

Storage period (weeks)

Fatty

acids 0 2 4 8

Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
14:0 1.53 1.46 1.42 1.50 1.44 1.48 1.45 1.49 1.48 1.49 1.86 1.40

14:1 0.05 0.05 0.02 0.06 0.02 0.04 0O 0.05 0.08 0.05 0.96 0.03

16:0 24.2 23.4 23.2 23.1 22.7 229 23.0 2.6 22.7 23.3 29.2 22.6

16:1 0.30 3.02 2.96 3.26 3.19 3.33 2.90 3.33 3.23 3.15 4.89 3.13

17:0 0.39 0.41 0.36 0.36 0.34 0.34 0.36 0.33 0.36 0.36 0.72 0.4

18:0 11.8 11.9 10.8 10.7 10.4 10.6 11.2 9.92 10.5 11.1 12.8 10.5

18:1 44.3 42.8 42,9 44.3 44.3 44.3 44.7 453 44.4 44.8 43.2 449

18:2 14.1 13.6 13.8 13.3 14.0 13.4 13.3 13.6 14.0 12.3 4.15 13.7

18:3 0.85 0.76 1.02 0.87 0.83 0.82 0.77 0.84 0.78 0.87 0.19 0.80

20:1 1.16 1.23 1.06 1.181.131.08 1.23 1.11 1.11 1.29 0.61 1.24

20:4 1.291.201.73 1.151.331.0/ 0.781.17 1.09 1.03 1.15 1.10

22:0 0.02 0.23 0.66 0.20 0.21 0.62 0.18 0.22 0.24 0.19 0.22 0.24

SFA  37.9 36.0 36.4 35.9 33.7 35.9 36.3 33.1 35.3 36.4 43.9 35.1

PUFA 16.3 15.5 16.6 15.3 16.2 15.3 14.9 15.6 15.9 14.2 5.49 15.6

P/S 0.42 043 0.45 0.42 0.48 0.42 0.41 0.47 0.45 0.39 0.12 0.44

Each value represents the mean of duplicate determinations
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Table 25. Changes iIn fatty acid composition of nonirradiated and

irradiated pork during storage at -20 1 unit: %)

Storage period (months)

Fatty
acids

1 2 4 6

Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy

14:0 1.46 1.45 1.43 1.50 1.42 1.43 1.46 1.47 1.48 1.42 1.47 1.45

14:1 0.04 0.08 0.04 0.08 0.06 0.05 0.05 0.05 0.06 0.06 0.08 0.06

16:0 23.1 22.8 22.9 23.1 22.9 22.9 23.1 229 229 22.6 22.3 22.3

16:1 3.07 3.08 3.05 3.35 3.50 3.01 3.11 3.29 3.39 3.20 3.40 3.53

17:0 0.35 0.37 0.34 0.34 0.37 0.34 0.34 0.35 0.37 0.37 0.35 0.36

18:0 10.9 10.8 10.7 10.9 10.0 11.1 10.8 10.7 10.7 10.9 9.76 9.89

18:1 45.4 43.8 445 44.4 440 44.4 44.4 445 439 44.1 45.1 45.2

18:2 12.6 13.8 13.5 13.0 13.6 13.4 13.6 13.4 13.8 13.6 14.1 13.7

18:3 0.80 0.87 0.80 0.82 0.83 0.74 0.79 0.83 0.87 0.81 0.86 0.85

20:1 1.11 110110 1.021.021.15 1.09 1.03 1.02 1.01 1.05 1.04

20:4 09115713 13 1.171.17 1.02 1.051.13 1.59 1.16 1.16

22:0 0.19 0.27 0.19 0.21 0.21 0.21 0.26 0.28 0.24 0.36 0.31 0.32

SFA  36.0 34.4 35.6 35.9 33.6 36.0 35.9 34.4 35.8 35.7 32.8 34.4

PUFA 14.3 16.2 15.7 15.2 15.6 15.3 15.4 15.3 15.8 15.9 16.1 15.8

P/S 0.39 0.47 0.44 0.42 0.46 0.42 0.42 0.44 0.44 0.44 0.49 0.45

JEach value represents the mean of duplicate determinations
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Table 26. Changes in fatty acid composition of nonirradiated and

irradiated chicken during storage at 5 1 (unit:%)

Storage period (weeks)

Fatty

acids 0 2 4 8

Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy

14:0 0.74 0.69 0.68 0.69 0.73 0.76 0.76 0.75 0.75 0.77 0.74 0.75

14:1 0.19 0.15 0.20 0.21 0.22 0.23 0.22 0.22 0.20 0.23 0.17 0.21

16:0 24.2 25.3 249 24.6 24.9 25.2 25.3 26.0 26.0 25.3 24.9 25.3

16:1 5.80 5.40 5.39 5.62 5.77 5.85 5.71 5.86 5.71 5.72 5.76 5.66

17:0 0.16 0.15 0.16 0.16 0.16 0.16 0.17 0.16 0.17 0.17 0.17 0.17

18:0 7.68 8.79 8.63 8.21 7.77 7.92 7.75 7.61 8.83 7.68 7.80 8.34

18:1 38.8 36.3 36.9 37.7 37.8 38.9 38.1 38.5 38.9 38.7 38.5 38.6

18:2 18.0 17.9 17,9 18.0 17.6 16.9 17.7 17.1 15.2 17.5 17.7 16.5

18:3 0.83 0.78 0.80 0.79 0.82 0.80 0.80 0.76 0.58 0.87 0.81 0.77

20:1 0.77 0.67 0.75 0.86 0.81 0.89 0.89 0.82 1.20 0.98 0.66 0.86

20:4 2.29 3.152.95 254219177 2.021.77 1.74 1.69 2.10 2.22

22:0 0.49 0.65 0.68 0.55 1.11 0.54 0.62 0.35 0.61 0.37 0.66 0.49

SFA  33.3 35.0 35.0 34.2 34.2 34.6 34.6 34.4 36.4 34.3 33.8 35.1

PUFA 21.1 21.9 21.7 21.4 20.6 19.5 20.5 19.7 17.5 20.1 20.6 17.5

P/S 0.63 0.62 0.61 0.62 0.60 0.56 0.59 0.57 0.48 0.58 0.60 0.55

JEach value represents the mean of duplicate determinations
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Table 27. Changes in fatty acid composition of nonirradiated and

irradiated chicken during storage at -20 1 unit: %)

Storage period (months)

Fatty

_ 4
acids 1 2 6

Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy

14:0 0.72 0.74 0.71 0.9 0.76 0.75 0.79 0.78 0.63 0.73 0.76 0.73

14:1 0.19 0.22 0.18 0.26 0.22 0.23 0.23 0.24 0.23 0.23 0.23 0.22

16:0 24.9 249 25.7 259248 246 25.024.9 25.1 24.6 24.7 24.9

16:1 5.51 5.64 5.89 6.21 5.59 5.78 5.80 5.81 5.71 5.76 5.63 5.62

17:0 0.16 0.16 0.14 0.18 0.17 0.20 0.17 0.16 0.17 0.17 0.20 0.16

18:0 8.16 8.13 7.76 8.08 8.21 8.10 7.33 7.71 7.7/ 7.86 8.01 8.10

18:1 37.7 37.9 37.6 42.6 37.8 37.8 39.1 38.3 38.3 37.9 38.0 37.6

18:2 179 175175 175179 18.1 17.8 17.9 17.9 18.2 17.8 18.1

1823 0.82 0.93 0.90 0.74 0.85 0.81 0.95 0.88 0.84 0.83 0.81 0.88

20:1 0.77 0.79 0.72 1.74 0.62 0.64 0.68 0.63 0.62 0.77 0.67 0.63

20:4 2.47 249 2.08 2.27 253 2.4 1.67 2.18 2.20 2.42 2.53 2.49

22:0 0.52 0.53 0.79 0.45 0.52 0.55 0.38 0.45 0.49 0.55 0.60 0.%4

SFA  34.6 33.9 35.1 35.6 33.9 34.3 33.7 33.5 34.2 33.9 33.8 34.5

PUFA 21.2 20.9 20.5 20.3 21.3 21.3 20.4 20.9 209 21.521.1 21.4

P/S 061 0.61 0.58 0.56 0.62 0.62 0.60 0.62 0.61 0.63 0.62 0.62

JEach value represents the mean of duplicate determinations
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Table 28. Changes in free amino acid of nonirradiated and irradiated
beef during storage at 5 1

Storage period (weeks)

Amino
acids

0 2 4 8

Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kOGy 3kGy Cont 1kGy 3kGy
Asp 0.21 0.2 0.18 0.48 0.23 0.16 0.5 0.65 0.13 0.57 0.57 0.1

Thr 041 0.3 0.18 0.53 0.47 0.29 0.61 0.8 0.38 0.8 0.59 0.3
Ser 0.61 0.4 0.24 0.66 0.64 0.44 0.77 0.51 0.44 0.42 0.11 0.43
Asn 0.17 0.16 0.06 ND2 0.16 0.11 ND ND 0.1 0.04 ND 0.14
Glu 0.49 0.37 0.48 2.04 0.75 0.62 2.73 243 0.51 2.47 2.53 0.54
GIn 3.33 2.721.94 127 2.132.21 1 0.531.74 0.26 0.2 1.47
Pro 0.16 0.19 0.13 0.24 0.19 0.18 0.26 0.31 0.15 0.42 0.4 0.17
Gly 0.89 0.64 0.4 0.8 0.9 0.64 1.1 1.250.87 1.49 1.4 0.57
Ala 258 1.84 1.46 3.44 2.83 2.14 4.5 4.7 2.77 4.1 442 1.76
Val 0.53 0.35 0.21 0.66 0.68 0.34 0.96 1.25 0.58 1.45 1.41 0.46
Cys ND2 ND ND ND ND ND ND ND ND 0.03 0.02 0.02
Met 0.3 0.18 0.09 0.3 0.36 0.15 0.44 0.57 0.22 0.61 0.6 0.27
Ille 041 0.24 0.15 04 0.440.22 0.56 0.69 0.3 0.8 0.8 0.29
lue 0.74 0.4 0.25 0.76 0.84 0.42 1.1 1.49 0.57 1.%4 1.6 0.56
Tyr 0.32 0.19 0.09 0.06 0.26 0.18 0.05 0.15 0.34 0.01 0.03 0.27
Phe 0.32 0.22 ND 0.36 0.42 0.21 0.5 0.69 0.28 0.78 0.77 0.34
Lys 0.45 0.35 0.43 0.43 0.52 0.34 0.28 0.73 0.44 0.27 0.78 0.35
His 0.27 0.21 0.31 0.49 0.51 0.21 0.28 0.29 0.22 0.42 0.36 0.19

Arg 0.41 0.18 0.17 ND 0.28 0.31 ND ND 0.3 0.03 ND 0.25

Total 14.6 9.14 6.77 15.1 12.6 9.17 15.7 17.0 10.3 16.7 16.6 8.48

Each value represents the mean of duplicate determinations and
expressed y M g-l(wet weight basis). AND: not detected
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Table 29. Changes in free amino acid of nonirradiated and irradiated
beef during storage at -20 1

Storage period(months)

Amino
acids

1 2 4 6

Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
Asp 0.24 0.16 0.2 0.37 0.14 0.15 0.21 0.14 0.21 0.23 0.230.14
Thr  0.28 0.24 0.28 0.46 0.23 0.22 0.33 0.32 0.28 0.31 0.260.14
Ser 0.4 0.340.41 0.64 0.31 0.31 0.48 0.49 0.38 0.48 0.38 0.3
Asn 0.1 0.09 0.12 0.24 0.08 0.09 0.12 0.11 0.1 0.13 0.1 0.07
Glu 0.58 0.53 0.55 0.67 0.4 0.36 0.87 0.87 0.66 0.37 0.390.23
GIn 2.21 1.92 2.29 3.85 2.44 1.95 4.61 5.42 3.55 3.54 4.7 3.28
Pro 0.14 0.07 0.08 0.3 0.13 0.13 0.15 0.16 0.17 0.14 0.120.11
Gly 0.62 0.59 0.68 0.85 0.59 0.51 0.78 0.79 0.77 0.67 0.620.59
Ala 1.87 1.852.15 2.19 1.68 1.52 2.590 2.57 2.2 2.522.321.73
val 0.3 0.330.37 0.51 0.29 0.35 0.38 0.34 0.32 0.42 0.3 0.26
Cys N2 N N N N ND N ND ND ND ND ND
Met 0.13 0.15 0.15 0.28 0.13 0.2 0.19 0.15 0.14 0.24 0.140.11
lle 0.22 0.2 0.23 0.39 021 0.3 0.26 0.22 0.19 0.31 0.220.16
luu 04 0.36 0.42 0.68 0.35 0.46 0.49 0.42 0.36 0.56 0.4 0.3
Tyr  0.15 0.16 0.19 0.3 0.16 0.25 0.2 0.18 0.16 0.25 0.2 0.13
Phe 0.19 0.19 0.2 0.32 0.18 0.26 0.23 0.2 0.17 0.240.160.14
lys 0.51 0.28 0.58 0.61 0.32 0.36 0.5 0.36 0.49 0.46 0.330.36
His 0.31 0.18 0.45 0.36 0.17 0.24 0.35 0.26 0.43 0.26 0.19 0.2
Arg 0.27 0.22 0.28 0.51 0.3 0.32 0.31 0.27 0.31 0.280.540.21

Total 10.92 7.86 9.63 13.5 8.11 7.98 13.1 13.3 10.9 11.411.68.46

Each value represents the mean of duplicate determinations and
expressed py M g-l(wet weight basis).
AD: not detected
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Table 30. Changes in free amino acid of nonirradiated and irradiated
pork during storage at 5 1

Storage period (weeks)
0 2 4 8
Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
Asp 0.38 0.42 0.41 0.32 0.29 0.21 0.49 0.4 0.15 0.38 0.37 0.26

Amino
acids

Thr 0.31 0.31 0.26 0.48 0.39 0.33 0.77 0.58 0.31 0.08 0.28 0.42
Ser 043 0.4 0.3 0.29 0.44 0.44 0.61 0.38 0.36 0.07 0.12 0.15
Asn 0.1 0.1 0.08 0.4 0.1 0.1 ND ND O0.11 ND ND ND
Glu 0.7 0.75049 1320.799063 241 2 0.38 2.62 2.8 0.75
GIn 1.46 158 1.33 0.34 1.06 1.12 0.19 0.29 0.59 ND 0.09 0.54
Pro 0.31 0.44 0.3 0.31 0.330.36 0.36 0.32 0.27 0.29 0.88 0.45
Gly 095105092 114 1.2 1.02 1.4 137 0.8 1.512.37 1.26
Ala 1.46 1.32 2.19 2.77 2.29 2.25 3.87 3.59 1.58 6.32 4.98 2.95
Val 0.32 0.33 0.3 0.48 0.41 0.39 0.9 0.77 0.35 1.73 2.22 0.68
Cys ND2 ND ND ND ND ND ND ND ND ND ND ND
Met 0.14 0.1 0.12 0.22 0.16 0.17 0.41 0.34 0.13 0.53 0.79 0.26
Ile 0.19 0.17 0.16 0.24 0.18 0.24 0.53 0.41 0.17 0.78 1.26 0.33
lue 0.35 0.3 0.3 0.480.39 0.4 0.9 0.8 0.31 1.251.95 0.52
Tyr 0.17 0.15 0.14 0.07 0.03 0.23 0.04 ND 0.15 0.05 0.03 0.26
Phe 0.17 0.16 0.15 0.22 0.2 0.21 0.45 0.4 0.15 0.71 0.97 0.31
Lys 0.26 0.28 0.38 0.11 0.34 0.36 0.43 0.67 0.23 0.66 2.62 0.48
His 0.2 0.2 0.26 0.28 0.22 0.2 0.42 0.31 0.13 0.26 0.79 0.32

Arg 0.26 0.2 0.2 0.05 ND 0.24 0.11 N> 0.38 0.03 0.02 0.04

Total 10.2 8.26 8.38 9.16 8.82 8.9 145 12.6 6.56 17.3 22.6 9.98

Each value represents the mean of duplicate determinations and
expressed y M g-l(wet weight basis).
AD: not detected
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Table 31. Changes in free amino acid of nonirradiated and irradiated
pork during storage at -20 1

Storage period (months)
1 2 4 6
Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
Asp 0.28 0.39 0.22 0.19 0.37 0.29 0.32 0.3 0.26 0.27 0.29 0.28

Amino
acids

Thr 0.29 0.39 0.22 0.150.31 0.25 0.27 0.28 0.24 0.25 0.28 0.2
Ser 0.4 0.450.27 0.2 0.390.34 0.34 0.34 0.3 0.33 0.36 0.27
Asn 0.09 0.16 0.07 0.05 0.11 0.1 0.09 0.08 0.08 0.08 0.1 0.08
Glu 065065048 0.22053045 063 0.6 0.5 0.39 0.4 0.35
GIn 128167 119 103164168 234188 1.76 2.282.18 2.34
Pro 0.25 0.26 0.21 0.18 0.26 0.25 0.27 0.25 0.24 0.22 0.25 0.23
Gly 0.850.81 0.68 0.49 0.950.8 0.79 0.91 0.78 0.73 0.82 0.84
Ala 1.44 166 1.42 0.87 1.73 1.75 1.93 1.76 1.89 1.57 2.24 1.82
Val 0.27 0.29 0.25 0.18 0.34 0.32 0.29 0.27 0.25 0.27 0.27 0.27
Cys ND2 ND ND ND ND ND ND ND ND ND ND ND
Met 0.11 0.1 0.1 0.130.16 0.14 0.13 0.11 0.09 0.11 0.1 O0.11
Ille 0.19 0.17 0.13 0.13 0.21 0.21 0.16 0.15 0.15 0.14 0.15 0.13
lue 0.34 0.3 0.2 0.23 0.350.35 0.29 0.28 0.28 0.26 0.28 0.25
Tyr 0.22 0.15 0.11 0.13 0.14 0.18 0.16 0.14 0.18 0.14 0.15 0.14
Phe 0.18 0.14 0.12 0.11 0.16 0.17 0.16 0.15 0.14 0.14 0.18 0.13
Lys 0.28 0.46 0.21 0.29 0.27 0.5 0.23 0.23 0.25 0.24 0.23 0.21
His 0.15 0.26 0.17 0.19 0.21 0.33 0.21 0.22 0.2 0.1 0.15 0.13

Arg 0.22 0.44 0.6 0.11 0.24 0.22 0.23 0.2 0.19 0.19 0.2 0.17

Total 9.49 8.75 6.67 4.88 8.37 8.38 8.84 8.15 7.78 7.71 8.63 7.95

Each value represents the mean of duplicate determinations and
expressed py M g-l(wet weight basis).
AD: not detected
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Table 32. Changes in free amino acid of nonirradiated and irradiated
chicken during storage at 5 1

Storage period (weeks)
0 2 4 8
Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy
Asp 157 1.3 1.13 244 158 1.5 157 1.31 0.36 0.99 1.8 1.79

Amino
acids

Thr 1.411.09 1.03 1.991.191.19 1.21 1.03 2.11 0.78 1.35 1.28
Ser 1.96 1.53 1.42 1.99 1.67 1.66 1.62 1.33 0.51 0.07 0.84 1.26
Asn 0.54 0.4 0.37 0.14 0.4 0.4 0.38 0.36 0.02 ND 0.14 2.38
Glu 187124132 41215715 171123297 7.72 0.9 0.19
GIn 0.94 0.77 0.74 ND 0.61 0.62 0.53 0.34 0.04 ND 0.07 1.8
Pro 0.9 08 0.76 0.1 1.01 0.98 1.08 0.85 0.26 0.19 1.18 0.5
Gly 184161 151 2.721631.62 1.7 1.4 4.32 422191 0.41
Ala 3 24 242 39324 2.4 2.8 1.636.43 11.1 3.51 1.98
Val 1.1 0.86 0.8 1.941.01 1.02 1.14 0.94 3.15 4.64 1.65 2.6
Cys ND2 ND ND ND ND ND ND ND ND ND ND 0.78
Met 0.59 0.42 0.38 0.84 0.41 0.42 0.46 0.4 1.17 1.86 0.73 0.55
Ile 0.71 0.54 0.47 1.19 0.62 0.61 0.67 0.57 2.02 2.47 0.89 0.74
lue 1.48 1.01 0.93 2.151.03 1.06 1.14 0.95 3.12 2.66 1.26 1.18
Tyr 0.53 0.55 0.51 0.01 0.57 0.59 0.59 0.49 0.07 0.07 0.65 0.67
Phe 0.56 0.43 0.4 0.86 0.46 0.48 0.46 0.4 1.18 1.55 0.72 0.55
Lys 1.4 1.3 1.3 0.731.561.31 1.9 1.281.69 1.4 0.77 1.4
His 0.57 0.48 0.39 0.81 0.84 0.67 1.06 0.62 0.58 0.28 0.79 1

Arg 0.99 0.79 0.76 0.02 0.9 0.93 1.57 0.67 ND ND 0.04 0.76

Total 24 17.6 16.6 25.9 19.5 19.1 21.6 15.8 29 40 19.2 21.8

Each value represents the mean of duplicate determinations and
expressed py M g-l(wet weight basis).
AD: not detected
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Table 33. Changes in free amino acid of nonirradiated and irradiated
chicken during storage at -20 1

Storage period (months)
1 2 4 6
Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy
Asp 0.84 09108 19 1.321.07 1.32 0.9 1 1.4 0.89 0.79

Amino
acids

Thr 0.89 0.91 0.87 1.941.27 1.07 1.4 102 0.95 1.26 0.91 0.81
Ser 121121 1.2 287176 15 193138 1.37 1.811.251.11
Asn 0.34 0.37 0.34 0.78 0.47 0.46 0.52 0.4 0.4 0.480.34 0.3
Glu 1.21 1.081.03 3.16 1.59 1.41 202 1.21 1.15 1.78 1.14 0.93
GIn 0.71 0.77 0.74 148 1.1 094 1.6 1.141.15 1.451.13 0.99
Pro 0.56 0.62 0.63 1.24 0.94 0.83 0.9 0.74 0.73 0.87 0.65 0.59
Gly 1.16 1.18 1.19 2.4 1.72151 2.01 15214 1.761.34 1.2
Ala 1.78 1.79 1.82 3.71 2.44 2.2 3.31 2.38 2.39 3.06 2.12 1.93
Val 0.7 0.7 0.67 2.09 1.1 0.89 1.32 0.77 0.74 1.27 0.76 0.64
Cys ND2 ND ND ND ND ND ND ND ND ND ND ND
Met 0.36 0.36 0.33 0.99 0.6 0.48 0.67 0.38 0.38 0.57 0.34 0.29
Ile 0.45 044 0.39 1.350.66 0.5/ 0.82 0.44 0.46 0.76 0.44 0.36
lue 0.89 0.82 0.79 2.39 1.17 0.95 1.52 0.92 0.88 1.45 0.9 0.69
Tyr 0.44 0.47 0.47 0.74 .56 0.48 0.7/ 0.5 0.54 0.7 0.47 0.39
Phe 0.39 0.35 0.37 0.95 0.47 0.39 0.64 0.4 0.42 0.63 0.37 0.32
Lys 1.37 1.08 1.12 2.851.77 1.43 168 1.39 1.4 1.6 1.07 1.04
His 0.54 0.41 0.38 1.18 0.69 0.47 0.77 0.45 0.45 0.73 0.36 0.3

Arg 2.24 0.77 0.72 2.02 0.91 0.77 1.16 0.79 0.78 1.1 0.71 0.63

Total 18.1 14.2 13.9 34.0 20.5 17.4 24.4 16.8 16.6 22.7 15.2 13.3

Each value represents the mean of duplicate determinations and
expressed py M g-l(wet weight basis).
AD: not detected
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Table 34. Changes in total amino acid of nonirradiated and irradiated
beef during storage at 5 and -20 1

Storage at 5  (weeks) Storage at -20 (months)
0 4 1 6
Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
Asp 365 395 515 500 590 410 715 565 500 415 38 525

Amino
acids

Thr 260 260 295 30 345 235 415 330 300 245 220 340
Ser 215 245 300 290 340 230 405 320 285 240 225 325
Asn ND2 ND ND ND ND ND ND ND ND ND ND ND

Glu 555 580 770 750 900 610 1075 830 725 625 570 740
GIn ND ND ND ND ND ND ND ND ND ND ND ND

Pro 225 250 235 265 335 245 325 275 200 220 210 230
Gly 305 380 460 415 460 330 530 470 385 375 350 375
Ala 330 375 480 475 550 380 635 525 440 385 360 415
Val 205 220 280 275 330 230 370 315 275 235 240 250
Cys 30 30 45 45 60 15 5 5 35 2 25 20

Met 7S 8 145 100 175 105 195 160 130 100 95 115
Ile 175 180 230 220 300 185 320 265 225 195 180 200
Leu 340 350 460 445 555 360 625 500 445 375 30 395
Tyr 120 110 145 140 205 115 195 155 145 125 105 125
Phe 130 130 175 170 230 140 235 190 170 140 130 150
Lys 425 315 445 420 500 345 585 485 410 365 340 375
His 175 115 175 130 180 125 220 205 120 140 130 125

Arg 185 200 260 250 290 205 350 285 245 220 200 225

Total 4117 4229 5415 5220 6345 4265 7250 5925 5035 4425 4105 4930

Each value represents the mean of duplicate determinations and
expressed y M g-l(dry weight basis).
AD: not detected
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Table 35. Changes in total amino acid of nonirradiated and irradiated
pork during storage at 5 and -20 1

Storage at 5  (weeks) Storage at -20 (months)
0 4 1 6
Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy Cont 1kGy 3kGy
Asp 520 540 380 470 505 440 515 490 425 440 39 300

Amino
acids

Thr 305 350 215 300 305 255 320 320 250 265 225 175
Ser 305 310 220 2715 295 260 300 280 260 270 225 180
Asn ND2 ND ND ND ND ND ND ND ND ND ND ND
Glu 755 790 555 660 730 635 745 705 655 640 585 440
GIn ND ND ND ND ND ND ND ND ND ND ND ND
Pro 290 270 235 235 235 200 235 240 210 295 215 145
Gly 425 455 335 405 385 380 435 385 340 375 345 250
Ala 460 490 345 435 445 405 460 430 370 380 365 265
Val 280 295 220 260 265 230 275 265 255 255 225 165
Cys 35 30 15 30 40 25 30 3H 25 20 20 15
Met 130 95 95 8 140 110 110 100 130 105 100 75
Ile 225 240 175 195 230 180 225 215 200 190 185 135
Leu 455 475 335 410 450 385 460 425 380 365 345 250
Tyr 145 150 105 130 140 125 145 135 125 120 115 80
Phe 170 180 125 150 160 145 180 160 140 145 130 95
Lys 420 440 315 390 445 375 445 400 355 3B5 3B 245
His 170 165 125 185 200 165 200 165 150 150 125 90

Arg 265 275 200 230 245 220 270 245 215 220 205 150

Total 5357 5550 3995 4845 5215 4535 5350 4995 4485 4590 4140 3055

Each value represents the mean of duplicate determinations and
expressed y M g-l(dry weight basis).
AD: not detected
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Table 36. Changes in total amino acid of nonirradiated and irradiated
chicken during storage at 5 and -20 1

Storage at 5  (weeks) Storage at -20 (months)

0 4 1 6
Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy Cont 3kGy 7kGy
Asp 505 430 570 565 620 520 380 530 360 555 465 515

Amino
acids

Thr 305 240 360 345 365 290 225 340 220 310 255 295
Ser 285 245 315 315 345 305 210 300 215 315 260 300
Asn ND2 ND ND ND ND ND ND ND ND ND ND ND

Glu 690 595 790 770 835 705 520 735 515 7710 635 745
GIn ND ND ND ND ND ND ND ND ND ND ND ND

Pro 275 215 295 260 305 275 180 310 245 255 235 225
Gly 410 355 460 415 475 400 300 440 320 430 365 410
Ala 465 390 535 400 560 450 350 490 325 400 410 465
Val 265 235 310 305 35 285 250 290 200 290 245 265
Cys 45 40 35 30 50 30 8& 45 25 30 20 40

Met 120 125 125 115 145 140 120 105 80 155 130 130
Ile 225 215 275 235 285 215 165 250 150 255 220 220
Leu 425 375 490 465 530 410 305 450 285 455 390 420

Tyr 130 140 155 140 170 130 9% 140 90 145 125 135
Phe 155 160 180 175 200 155 115 165 110 170 140 160
Lys 410 355 480 450 510 420 315 445 290 460 385 435

His 165 140 185 175 205 165 170 180 115 180 150 165

Arg 255 215 290 275 305 250 195 266 180 215 225 260

Total 5132 4470 5850 5525 6230 5145 3980 5481 3725 5540 4655 5185

Each value represents the mean of duplicate determinations and
expressed y M g-l(dry weight basis).
AD: not detected

- 193 -



Table 37. Changes in selected mineral of nonirradiated irradiated
beefs during storage at 5 and -20 1

Storage period (months)

Minerals irradiation 0 2 6
dose (fresh) @ts ) (at -20 )
Control 30 39 37
Magnesium
3kGy 36 33 36
control 75 73 78
Sodium
3kGy 78 74 73
Control 333 378 333
Potassium
3kGy 34 396 357
Control 18.4 14.4 16.0
Iron
3kGy 18.2 16.40 17.20
Control 5.3 6.9 5.8
Zinc
3kGy 6.7 5.8 5.5
Control 18.1 15.3 14.2
Calcium
3kGy 12.1 12.6 15.0
Control 2145 2666 2509
Phosphorus
3kGy 2132 2419 2601
Control 0.082 0.084 0.071
Cobalt
3kGy 0.081 0.086 0.073
Control 0.28 0.22 0.22
Copper
3kGy 0.35 0.20 0.32
Control 0.11 0.17 0.10
Manganese
3kGy 0.18 0.16 0.09

Each value represents the mean of duplicate determinations and
expressed mg 100g-l(wet weight basis).
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Table 38. Changes in selected mineral of nonirradiated and irradiated
porks during storage at 5 and -20 1

Storage period (months)

Minerals irradiation 0 2 6
dose (fresh) @ts ) (at -20 )
Control 30 30 36
Magnesium
3kGy 39 32 33
Control 77 79 74
Sodium
3kGy 70 83 84
Control 333 315 372
Potassium
3kGy 336 354 327
Control 5.30 6.90 5.3
lron
3kGy 6.4 6.70 5.8
Control 3.1 4.1 3.8
Zinc
3kGy 4.3 3.2 3.7
Control 26.9 23.5 28.0
Calcium
3kGy 29.0 24.7 23.5
Control 2847 1371 2828
Phosphorus
3kGy 2056 1778 2284
Control 0.0%6 0.066 0.063
Cobalt
3kGy 0.04 0.061 0.055
Control 0.30 0.26 0.29
Copper
3kGy 0.36 0.23 0.36
Control 0.20 0.28 0.28
Manganese
3kGy 0.38 0.23 0.30

Each value represents the mean of duplicate determinations and
expressed mg 100g-l(wet weight basis).
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Table 39. Changes in selected mineral of nonirradiated and irradiated
chickens during storage at 5 and -20 1

Storage period (months)

Minerals irradiation 0 2 6
dose (fresh) @ts ) (at -20 )
Control 39 36 36
Magnesium
3kGy 33 30 33
Control 56 58 58
Sodium
3kGy 56 59 57
Control 34 309 345
Potassium
3kGy 348 3A 339
Control 6.5 6.10 6.30
lron
3kGy 5.90 5.10 5.20
Control 1.6 1.4 1.2
Zinc
3kGy 1.0 1.1 1.4
Control 24.1 24.3 19.7
Calcium
3kGy 14.0 21.5 17.2
Control 1708 1403 1483
Phosphorus
3kGy 1404 1107 1416
Control 0.067 0.077 0.072
Cobalt
3kGy 0.0%9 0.068 0.064
Control 0.70 0.67 0.64
Copper
3kGy 0.68 0.57 0.50
Control 0.29 0.21 0.16
Manganese
3kGy 0.09 0.07 0.11

Each value represents the mean of duplicate determinations and
expressed mg 100g-l(wet weight basis).
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Table 40. Changes in heme pigment of nonirradiated
during storage at 5 and -20 1

and i1rradiated beef

rdia- Absorbance (nm)

Storage R
rag tion

Relative
concentration

Temp h
od
pert dose 572 565 545 525

mo ox met

Control 0.2919 0.2543 0.3970 0.3334
0 1 kGy 0.2254 0.1977 0.3151 0.2736
3 kGy 0.1952 0.1806 0.2759 0.2730

0.0871 0.4081 0.4422
0.0590 0.3818 0.5097
0.0820 0.2491 0.6230

Control 0.2968 0.2693 0.4013 0.3714
2 1 kGy 0.2366 0.2287 0.3312 0.3419
5 3 kGy 0.2077 0.1970 0.2942 0.2997

0.1197 0.2993 0.5168
0.1214 0.1855 0.6530
0.0963 0.2116 0.6518

(weeks) Control 0.1922 0.1913 0.2818 0.3166
4 1 kGy 0.1042 0.1101 0.1614 0.1893
3 kGy 0.1136 0.1154 0.1822 0.2127

0.0903 0.1290 0.7524
0.0788 0.0774 0.8482
0.0245 0.1156 0.8622

Control 0.1791 0.1744 0.2534 0.2559
8 1 kGy 0.2091 0.2001 0.2948 0.2886
3 kGy 0.1400 0.1365 0.2091 0.2290

0.1184 0.1939 0.6602
0.1116 0.2259 0.6324
0.0609 0.1617 0.7547

Control 0.2622 0.2427 0.3657 0.3500
1 1 kGy 0.2526 0.2348 0.3582 0.3516
3 kGy 0.1827 0.1726 0.2616 0.2675

0.0987 0.2665 0.5893
0.0827 0.2507 0.6258
0.0823 0.2150 0.6647

Control 0.2611 0.2308 0.3648 0.3207
2 1 kGy 0.2407 0.2108 0.3366 0.2896
-20 3 kGy 0.23890.2115 0.3302 0.2871

0.0655 0.3655 0.5204
0.0578 0.3901 0.5039
0.0796 0.3700 0.4986

(month) Control 0.2769 0.2394 0.3866 0.3246
4 1 kGy 0.2698 0.2308 0.3767 0.3066
3 kGy 0.22850.2304 0.3168 0.2775

0.0498 0.4205 0.4793
0.0417 0.4553 0.4536
0.0802 0.3602 0.5107

Control 0.3026 0.2997 0.3687 0.3720
6 1 kGy 0.3215 0.3149 0.3742 0.4205
3 kGy 0.28750.2559 0.3797 0.3252

0.3009 0.1375 0.4719
0.3134 0.0845 0.4697
0.1396 0.3663 0.4209

JEach value represents the mean of duplicate determinations.
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Table 41. Changes in heme pigment of nonirradiated and irradiated pork
during storage at 5 and -20 1

; Relative
r%(ijcl)ﬁ_ Absorbance (hm) concentration

dose 572 565 545 525 mo  ox  met

Temp.  Storage
period

Control 0.18750.1884 0.2389 0.2478 0.2538 0.1230 0.5578

0 1 kGy 0.1857 0.18350.2320 0.2477 0.2548 0.1193 0.5382

3 kGy 0.1816 0.18250.2281 0.2422 0.2645 0.1075 0.5519

Control 0.2101 0.2130 0.2656 0.2893 0.2584 0.0894 0.5788

2 1 kGy 0.17210.1791 0.2240 0.2438 0.2484 0.0741 0.6292

5 3 kGy 0.08810.0944 0.1139 0.1337 0.2614 0.0148 0.6716
(weeks) Control 0.0712 0.0691 0.0957 0.0943 0.1740 0.1975 0.5811
4 1 kGy 0.0787 0.0815 0.1065 0.1158 0.2027 0.0907 0.6720

3 kGy 0.13190.1317 0.1696 0.1734 0.2412 0.1389 0.5583

Control 0.0598 0.0577 0.0804 0.0746 0.1784 0.2379 0.5459

8 1 kGy 0.0462 0.0464 0.0660 0.0594 0.1469 0.2342 0.6385

3 kGy 0.11100.1146 0.1467 0.1553 0.2310 0.0987 0.6302

Control 0.13350.1373 0.1697 0.1877 0.2606 0.0709 0.6016

1 1 kGy 0.12580.1250 0.1623 0.1718 0.2257 0.1273 0.5782

3 kGy 0.1148 0.1131 0.1466 0.1547 0.2305 0.1399 0.5586

Control 0.1220 0.1253 0.1556 0.1695 0.2595 0.0799 0.5973

2 1 kGy 0.12720.1248 0.1604 0.1692 0.2412 0.1345 0.5395

20 3 kGy 0.1017 0.1952 0.1285 0.1221 0.2209 0.2372 0.4518
(month) Control 0.0906 0.0854 0.1165 0.1161  0.1973 0.2071 0.5105
4 1 kGy 0.1049 0.19650.13350.1266 0.1974 0.2572 0.4508

3 kGy 0.0998 0.0873 0.1261 0.1040 0.1851 0.4027 0.3078

Control 0.2260 0.2223 0.2757 0.2856 0.2859 0.1317 0.4857

6 1 kGy 0.2866 0.2978 0.3209 0.3698 0.4025 0.0043 0.4695

3 kGy 0.3026 0.2989 0.3699 0.3751 0.2931 0.1387 0.4787

JEach value represents the mean of duplicate determinations.
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Table 42. Changes

chicken during storage at 5 and -20 1

in heme pigment of nonirradiated and irradiated

Storage

Temp.e period

radia-
tion
dose

Absorbance (hm)

Relative
concentration

572 565 545 525

mo ox met

0]

Control
3 koy
7 kGy

0.1259 0.1356 0.1625 0.1925
0.0968 0.1025 0.1253 0.1456
0.0954 0.1023 0.1235 0.1447

0.2650 0.0063 0.6764
0.2531 0.0296 0.6621
0.2611 0.0152 0.6726

Control
3 koy
7 kGy

0.1114 0.1186 0.1432 0.1760
0.0771 0.0819 0.1026 0.1157
0.0853 0.0899 0.1102 0.1389

0.2511 0.0017 0.6813
0.2334 0.0473 0.6822
0.2329 0.0024 0.6917

(weeks)

Control
3 koy
7 kGy

0.0436 0.0479 0.0590 0.0695
0.0744 0.0801 0.0974 0.1185
0.0729 0.0789 0.0995 0.1165

0.2334 0.0059 0.7355
0.2438 0.0013 0.7024
0.2143 0.0238 0.7343

Control
3 koy
7 kGy

0.1040 0.1114 0.1355 0.1576
0.0856 0.0909 0.1102 0.1295
0.0423 0.0447 0.0560 0.0673

0.2553 0.0210 0.6761
0.2584 0.0211 0.6624
0.2211 0.0250 0.6996

Control
3 koy
7 kGy

0.0868 0.0959 0.1156 0.1344
0.0362 0.0386 0.0490 0.0547
0.0628 0.0669 0.0821 0.0964

0.2574 0.0004 0.7169
0.2207 0.0533 0.7169
0.2451 0.0233 0.6808

Control
3 koy
7 kGy

0.0889 0.0949 0.1157 0.1360
0.0675 0.0719 0.0889 0.1026
0.0624 0.0650 0.0791 0.0888

0.2512 0.0197 0.6774
0.2413 0.0324 0.6817
0.2705 0.0520 0.6128

(month)

Control
3 koy
7 kGy

0.0878 0.0927 0.1139 0.1338
0.0530 0.0545 0.0686 0.0768
0.0470 0.0480 0.0586 0.0660

0.2459 0.0286 0.6676
0.2381 0.0712 0.6290
0.2714 0.0639 0.5831

6

Control
3 koy
7 kGy

0.1095 0.1162 0.1394 0.1620
0.1257 0.1304 0.1594 0.1815
0.1054 0.1088 0.1320 0.1499

0.2724 0.0225 0.6444
0.2632 0.0500 0.6177
0.2733 0.0520 0.5987

JEach value represents the mean of duplicate determinations.
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Table 43. Changes in textural property of nonirradiated and irradiated
beefs during storage at 5 and -20 1
JEach value represents the mean of duplicate determinations.

Storage Period
Textural
Sample Parameter (after 4 weeks at 5 ) (after 6 months at -20 )
Control 1kGy  3kGy Control  1kGy 3kGy
Hardness
3881 6866 7609 4328 6129 6481
@
adhesiveness
0.57 0.60 0.60 0.50 0.68 0.71
Beef @2

Springiness 0.82 0.87 0.78 0.74 0.73 0.67

Cohesiveness 0.57 0.72 0.74 0.62 0.61 0.65

Table 44. Changes in textural property of nonirradiated and irradiated
porks during storage at 5 and -20 1

Storage Period

Textural
Sample o reter  (after 4 veeks at 5 )  (after 6 months at 20 )
control 1kGy 3kGy  control 1kGy 3kGy
Hardness
3826 4283 4738 3852 4345 5420
@
Adhesiveness
@D 0.74 0.78 0.8 0.60 0.63 0.67
Pork

Springiness 0.76 0.78 0.72 0.57 0.61 0.51

Cohesiveness  0.43 0.52 0.%4 0.57 0.62 0.60

JEach value represents the mean of duplicate determinations.
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Table 45. Changes in textural property of nonirradiated and irradiated
chickens during storage at 5 and -20 1

Storage Period

Textural

Sample (after 4 weeks at 5 ) (after 6 months at -20 )

Parameter
Control 3kGy  7kGy Control  3kGy TkGy

Hardness
3582 3747 3655 3406 3719 3510

@

Adhesiveness

0.66 0.75 0.65 0.60 0.61 0.39
(@)

Chicken
Springiness 0.62 0.57 0.52 0.55 0.50 0.47

Cohesiveness 0.62 0.78 0.8 0.73 0.70 0.75

JEach value represents the mean of duplicate determinations.
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Table 46. Mutagenicity of gamma irradiated beef at 5kGy against
Salmonella typhimurium

T est Conc S- 9mix No. of His+ revertants per platel
compound (mg/plate) TA98 TA100 TA1535 TA1537
Beef (OkGy) 8.3 + 8+ 1 154+ 15 51+ 15 8+ 0
2.8 + 20+ 1 140+ 3 71+ 0 7+ 1
0.9 + 15+ 3 165+ 1 38+ 7 13+ 6
0.3 + 25+ 1 128+ 9 39+ 3 13+ 1
0.1 + 33t 9 134+ 0 30t 3 9+ 8
0 + 31t 4 131+ 2 51+ 3 13+ 0
8.3 - 14+ 2 149+ 4 25+ 8 51
2.8 - 21+ 16 136+ 10 21+ 4 3+ 1
0.9 - 24+ 9 150+ 4 32+ 13 7+ 1
0.3 - 23+ 8 134+ 4 38+ 3 10+ 1
0.1 - 28+ 2 116+ 6 32+ 1 13+ 1
0 - 22+ 8 187+ 12 21+ 4 11+ 3
Beef (5kGy) 8.3 + 9t 6 209+ 18 27+ 12 o9t 4
2.8 + 30+ 11 179+ 4 37+ 1 14+ 8
0.9 + 22+ 4 150+ 4 52+ 13 6+ 1
0.3 + 36+ 4 145+ 12 60+ 15 10+ 1
0.1 + 39+ 16 126+ 14 63+ 18 9+ 5
0 + 31t 4 118+ 17 51+ 3 8+ 1
8.3 - 19+ 1 195+ 24 25+ 6 5+ 0
2.8 - 26+ 5 142+ 21 33t 2 4+ 0
0.9 - 24+ 1 148+ 13 25+ 1 5+ 1
0.3 - 39+ 11 154+ 10 36+ 2 11+ 1
0.1 - 25+ 1 136+ 7 21+ 1 11+ 1
0 - 27+ 5 129+ 20 21+ 4 11+ 3
2-AF2 0.01 + 2334+ 88 1467+ 167 nes ne
2-AA 0.002 + ne ne 252+ 11 210+ 18
2-NF 0.01 - 1474+ 31 ne ne ne
MNNG 0.01 - ne 1088+ 34 798+ 167 ne
9- AA 0.08 - ne ne ne 882+ 105

JEach value represents the mean + SD of three plates and expressed
of revertant colonies per plate

2-AF,2-Aninofluorene; 2-AA,2-Aminoanthracene; 2-NF,2-Nitrofluorene;
MNNG, N-methyl-N"-nitrosoguanidine; 9-AA, 9-Aminoacridine were used as
positive controls for the corresponding strains. 3e, not examined
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Table 47. Mutagenicity of gamma irradiated pork at 5kGy against
Salmonella typhimurium

T est Conc S- 9mix No. of His+ revertants per platel
compound (mg/plate) TA98 TA100 TA1535 TA1537
Pork (OkGy) 8.3 + - 149+ 15 24+ 1 5+ 1

2.8 + 22+ 3 212+ 33 24+ 0 8t 5
0.9 + 27+ 3 172+ 19 28+ 7 15+ 5
0.3 + 5+ 7 149+ 25 22+ 8 17+ 1
0.1 + 3B+ 5 131+ 33 25+ 2 14+ 4
0 + 31t 4 131+ 2 26+ 8 13+ 0
8.3 - 44 2 92+ 3 13+ 1 7+ 1
2.8 - 18+ 9 186+ 1 43+ 22 6+ 1
0.9 - 30+ 6 123+ 15 30+ 6 18+ 13
0.3 - 19+ 5 120+ 8 32+ 2 16+ 6
0.1 - 22+ 11 131+ 3 29+ 6 14+ 8
0 - 22+ 8 187+ 12 21+ 4 11+ 3
Pork (5kGy) 83 + - 139+ 58 11+ 5 6+ 6
2.8 + 18+ 1 147+ 5 19+ 1 9+ 1
0.9 + 24+ 5 158+ 8 17+ 4 10+ 0
0.3 + 22+ 3 112+ 4 22+ 6 9t 4
0.1 + 12+ 6 125+ 13 25+ 5 15+ 4
0 + 31t 4 131+ 2 26+ 8 8t 1
8.3 - 13+ 8 179+ 31 23t 5 8t 6
2.8 - 8t 1 201+ 35 39+ 16 7+ 1
0.9 - 17+ 1 176+ 22 24+ 2 13+ 3
0.3 - 25+ 11 155+ 9 19+ 2 17+ 8
0.1 - 22+ 4 125+ 9 21+ 6 14+ 6
0 - 22+ 8 187+ 12 21+ 4 11+ 3
2-AF2 0.01 + 2334+ 88 1056+ 249 nes ne
2-AA 0.002 + ne ne 252+ 11 210+ 18
2-NF 0.01 - 1474+ 31 ne ne ne
MNNG 0.01 - ne 1088+ 34 798+ 167 ne
9- AA 0.08 - ne ne ne 882+ 105

Each value represents the mean + SD of three plates and expressed
of revertant colonies per plate.

2-AF,2-Aninofluorene; 2-AA,2-Aminoanthracene; 2-NF,2-Nitrofluorene;
MNNG, N-methyl-N"-nitrosoguanidine; 9-AA, 9-Aminoacridine were used
as positive controls for the corresponding strains.3e, not examined
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Table 48. Mutagenicity of gamma irradiated chicken at 10kGy against
Salmonella typhimurium

T est Conc S- 9mix No. of His+ revertants per platel
compound (mg/plate) TA98 TA100 TA1535 TA 1537
Chicken (OkGy) 8.3 + 48+ 9 104+ 16 37+ 1 8+ 4
2.8 + 52+ 1 154+ 18 46+ 26 6+ 4
0.9 + 43+ 5 126+ 11 23t 4 8+ 7
0.3 + 30+ 5 149+ 11 23+ 6 8t 1
0.1 + 24+ 4 130+ 2 23+ 7 18+ 3
0 + 40+ 15 131+ 2 27+ 4 18+ 1
8.3 - 28+ 8 9%+ 4 44+ 12 8+ 5
2.8 - 30+ 14 192+ 59 A+ 8 5+ 1
0.9 - 20+ 1 123+ 16 24+ 4 11+ 0
0.3 - 25+ 4 124+ 17 28+ 0 14+ 4
0.1 - 18+ 1 172+ 13 20+ 1 14+ 6
0 - 22+ 4 187+ 12 21+ 4 11+ 3
Chicken (10kGy) 8.3 + 24+ 1 211+ 40 26+ 1 6+ 1
2.8 + 24+ 1 222+ 22 44+ 12 8t 1
0.9 + 30+ 11 161+ 9 33t 1 5+ 1
0.3 + 43+ 8 135+ 7 22+ 4 7+ 0
0.1 + 38+ 6 142+ 11 33+ 4 8+ 6
0 + 40+ 15 118+ 17 27+ 4 8+ 1
8.3 - 18+ 1 150+ 15 16+ 1 4+ 0
2.8 - 12+ 2 112+ 8 21+ 1 3+ 0
0.9 - 30+ 16 126+ 29 28+ 3 4+ 4
0.3 - 25+ 10 114+ 28 28+ 1 6+ 1
0.1 - 25+ 6 139+ 6 41+ 8 7+ 6
0 - 22+ 4 129+ 20 21+ 4 11+ 3
2- AF2 0.01 + 2334+ 88 1467+ 167 nes ne
2-AA 0.002 + ne ne 252+ 11 210+ 18
2-NF 0.01 - 1474+ 31 ne ne ne
MNNG 0.01 - ne 1088+ 34 798+ 167 ne
9- AA 0.08 - ne ne ne 882+ 1085

JEach value represents the mean + SD of three plates and expressed
of revertant colonies per plate

2-AF,2-Anminofluorene; 2-AA,2-Aminoanthracene; 2-NF,2-Nitrofluorene;
MNNG, N-methyl-N"-nitrosoguanidine; 9-AA, 9-Aminoacridine were used as
positive controls for the corresponding strains. 3ie, not examined
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Table 49. Frequency of micronucleus formation from marrow in mice oral
administrated with gamma irradiated beef, pork and chickenl

Test compound Dose(mg/plate)

No. of mice tested MNRET/1,000 RET2

D.W.
Beef(SkGy) 2,500
1,250

Pork(5kGy) 2,500
1,250

Chiicken(10kGy) 2,500
1,250

MVC3 0.5

a o o0 o g o o O

3.1+ 14

3.4+ 0.8

42+ 1.9

24+ 10

46+ 14

20+ 13

3.8+ 0.7

6.4+ 49

1 Each value represents the mean +
2 MNRET:micronucleated reticulocyte; RET:reticulocyte

3 MMC:mitomycin C
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Springness ! -----------mmo- (Dimensionless)

Distance of D,
Adhesiveness : Area of A3 (Work)
Gumminess = Hardness x Cohesiveness (Force)

Chewiness = Hardness x Cohesiveness x Springiness(Work)

Fig. 1. Typical texture profile analysis curve
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Fig. 14. Electroporetic patterns of nonirradiated and irradiated
beefs during storage at 5
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Fig. 15. Electroporetic patterns of nonirradiated and irradiated
beefs during storage at - 20
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Dose (kGy)
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Fig. 16. Electroporetic patterns of nonirradiated and irradiated
porks during storage at 5
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Fig. 17. Electroporetic patterns of nonirradiated and irradiated
porks during storage at - 20
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Fig. 18. Electroporetic patterns of nonirradiated and irradiated
chickens during storage at 5
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Fig. 19. Electroporetic patterns of nonirradiated and irradiated
chickens during storage at - 20
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, clostridium perfringens,

vibrio vibrio vulnificus
, yersinia -
botulinum E
1982). 2.2kGy

botulinum E

3.3

Tapeworm( )]

- Ronsivalli  (1969) 1.5 kGy
15 36

Ampola  Ronsivalli(1969)
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Virus

(Eklund,
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0.6



vibrio

UR

vibrio wulnificus

1983

(Farkas, 1987).

1.3 KGy

WTO
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, A virus

14

(Ehlermamm and Munzner, 1976).



31

(

)

(

51

)

570,000 Ci Co-60)

polyethylene

10kGy

3, 5 Koy,

0.7kGy

, OPP+PE, PP
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cerous dosimeter (USA) -

G D

, 10g

- chramocult coliform Agar (MERCK, Lab)

O0.1ml 35-37 24 pink
coliform E. Coli
. APHA plate
count agar(Difco Lab.) , 3BL 2
’ 7 10 -
potato dextrose agar (Difco Lab.) 10 %
tartaric acid pH 3.5 25 C 5-6

- Salmonella  Reattach agar(MERCK, Lab)

35 18-48

- Vibrio TCBS agar (MERCK, Lab) 600mI  TCBS
agar 52.8g 50
petri dish 0.1ml 35
24 - Staphylococcus Baird
-Parker agar 475ml Baird-Parker agar 299

autoclave 50 - egg yolk

tellurite emulsion 25ml petri dish
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0.1ml 37 24-48

- 3 , g
colony forming unit (CFU) -
3.
pH,
carbonyl , TBA , (VBN), trimethylamine -
- pH
10g 30 20 25

pH meter(microprocessor pH/mv/ meter. mode 18417, Hanna

Instruments., made in Singapore) 2 -

- VBN(Volatile Basic Nitrogen)

conway unit

- pH 20% trichloroacetic acid 10 3
, 100 ,
10 - ( )
- conway boric acid 1
, 1 - (glycerol)
pipet - K2CO3 1
- KzCO3

. 27 incubator
100 boric acid

0.02N HzS04 C boric acid )
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0.02N HzS04 -

- 0.02N
HzS0< HzS0« VBN
.2 -
L 1
100
VBN(Nmg%) = 0.28 x (a-b) x F x
0.1
—a: 0.02N HzS02( )
b : 0.02N HzS0<( )
T - 0.02N HzS0¢  factor
— 0.1 : 1 @
VBN -
— 5 10Nmgh :
15 20Nmgh :
30 40Nmg% :
— BONmg :
- TMA(Trimethylamine)
TMA Murray & Gibson 2 -
VBN - 4 25
10% formaldehyde 1 , toluene 10 , 25% NaCH
3 1 -5 2
5 Sodium sulfate, Anhydrous 19
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- 0.02% picricacid toluene 2
2 10
Spectrophotometer (UVIKON 930, made in switzerland) 410nm

. 2% trichloroacetic acid 4

410nm
- TMA
(trimethylamine hydrochloride) 2
0.682¢g 1 100 mass flask 100

X TMA-N Y
¢ ) -
4 TMA-NC )
TMA .
L 1
Ax x 250
TMA-N(mg%) =
1000
A : 4 TMA-N
- carbonyl
100 mg benzen 10 mL, 4%
trichloroacetic acid- benzen 4 mL, 0.05% 2,4-DNPH- benzen 5
mL , 60 water bath 30 4% KO
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H- ethanol 10 mL . ethanol

50 mL , 30 spectrophotometer (Unikon
model 930, Kontron Instrument, Switzerland) 440 nm
. TBA
Salih
TBA ) 150 mg
SDS 10 mL , 72
mL, BHT 2.5 mL D.W. 100 mL
- 2 mL TBA 2 mL , 50 60
water bath 60 - , D-W.
1 mL, buthanol- pyrizine 5 mL
(3,000rpmx 20 ) , spectrophotometer(Unikon model
930, Kontron Instrument, Switzerland) 532nm
4.
lkg -70 12

(Freezedryer system., Labconco, USA)
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- Salmonella typhimurium
1) Ames test
Salmonella typhimurium LT2
Salmonella typhimurium TA98, TA100, TA1535, TA1537 -
histidine , crystal violet , ampicillin

, Spontaneous -

2)

, 2-aminofluorene
(2-AF), 2-aminoanthracene(2-AA), 2-nitro- fluorene(2-NF), N-methyl-N"-

nitrosoguanidine(MNNG), 9-aminoacridine (9-AA)

3
Nutrient broth ,
Minimal gluccse agar 0.5mM  Histidine/Biotin
Histidine 1-2 Top

agar .

4) S-9 fraction
Maron Ames
. SD (¢, 8 , 2509) polychlorinated

bipheny 1 (PCB) Aroclor 1254 corn oil 200mg/ml
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500mg/kg 1 4
; 3 0.15M KCI

S-9 fraction

- , S-9 fraction
0.1ml  Top agar minimal glucose agar plating
5) S-9 mixture
In vitro Maron Ames cofactor
S-9 mixture -
6)
TA100 - Salmonella
typhimurium TA1C00 (2x 10c<cells/ml)
0.1ml, o.1ml,
0.2M Na-Phosphate buffer 0.5ml  test tube 37 water bath
30 pre-incubation , Histidine/bictin
top agar 2.5ml minimal glucose agar
plating 37 incubator 48
. His+
)
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D

0 500 Lux

2)

3

Maron Ames

pre-incubation

SPF ICR

12

polycarbonate cage 5
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-1

S-9 fraction

(¢, 8 s 2509)
25+ 1 55+ 5%, 30
cage tag



mouse - kg 2500mg
24 2 24
Schmid - ,
, 1 CalT serum
(24gauge )]
1000rpm 5 -
5 -
2 4% Giemsa
30 -
4)

Mitomycin C (0.5mg/kg) -

5)
Hayashi acridine orange (0.5mg/ml) 20
slide glass »
5 slide glass cover glass
- 1 1,000

(reticulocyte; RET)

(micronucleated reticulocyte; MNRET)
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6)
Hayashi
-1

data

CFU/g,
staphylococcus

CFU/g,

CFU/g,

106 CFU/g,

Hayashi

MNRET

Cochran Armitage

0.05).

5.6x 104 CFU/g,
3.0x 103 CFU/g,

3.0x 103 CFU/g, staphylococcus

4.0x 104
3.7x 103 CFU/g,
8.7x 104

3.0x 103 CFU/g

, vibrio -
4.2x 103
6.8x 103 CFU/g s
, 3.0x 103 CFU/g
(Table 1, 2, 3, 4).
5.7x

7.4x 106 CFU/g
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1.5x 103 CFU/g

3.x 103 CFU/g, 1.3x
104 CFU/g, staphylococcus 3.0x 103 CFU/g

(Table 5, 6, 7).

4.0x 104 CFU/g

3 kGy
4.7x 104 CFU/g , 5, 10 kGy
3.0x 103 CFU/g - 5.6x 104
CFU/g 3 KkGy 5.5x 103 CFU/g
5 kGy 3.0x 103 CFU/g, 10 kGy 3.0x 103 CFU/g
- Staphylococcus 3.0 x 103 CFU/g
, 3 kGy
- , Vbrio

. yeast mold 3.7x 103 CFU/g, 3 kGy, 5 kGy

3.0x 103 CFU/g 10 KGy

8.7x 104 CFU/g

3 kGy 2.6x 104 CFU/g, 5 kGy 3.0x 103
CFU/g, 10 kGy 3.0x 103 CFU/g

3.3x 105 CFU/g 3 kGy 3.0x 104 CFU/g

5, 10 kGy  3.0x 103 CFU/g . staphylocaccus

3.0x 103 CFU/g

yeast mold

3.0x 103 CFU/g, 3, 5 kGy  3.0x 103 CFU/g

10 kGy

4.2x 103 CFU/g

6.8x 103 CFU/g
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3 kGy

, 3.0x 103 CFU/g

5.7x 106 CFU/g

3 kGy 7.9x 105 CFU/g , 5 kGy

kCy
CFU/g

1.5x 104 CFU/g
CFU/g

x 103 CFU/g

5kGy
CFU/g

5 kGy

- Staphylococcus

3

7.4x 106

3 Koy 1.2x 106 CFU/g

. Staphylococcus

. 3, 5koy

yeast mold

3.0x 102 CFU/g

, 3kGy  3.0x 103 CFU/g

5 KGy
3.0x 103 CFU/g

- , vibrio, yeast mold
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1.5x 104

1.5

1.3x 104



1 3.7x 104 CFU/g, 2 3.0x 105

CFU/g 4
18% 22 0 30
. 3 KGy 1 6.1x 103 CFU/g 4
3.0x 103 CFU/g . 5 KGy
2 4.4x 103 CFU/g 3
. 10 Koy 0 1
6 3.0x 103 CFU/g

2.9x 104 CFU/g 3

; 4 5

; 3 Koy 10z

5, 10 Koy 3.0x 103 CFU/g

3.0x 103 CFU/g

; 3 kGy
5. 10 kGy 3 5 kGy
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2.2x 103 CFU/g 3 Koy 1.5 log

cycle
2.8x 107 CFU/g 4
5 -
3 kGy 8.7x 105 CFU/g
- 5 kGy 10t 106 CFU/g
10 kGy 1 1.7x 105 CFU/g, 4 9.5
x 105 CFU/g )

3.0x 103 CFU/g
3, 5 Koy 2

3.0x 103 CFU/g -

Table 1
2.7x 105 CFU/g
2 1.9x 107 CFU/g
5 6.2x 107 CFU/g -3
kGy 6.2x 104 CFU/g
2 1.6x 107 CFU/g
- 5 7.7x 105 CFU/g
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- 5 kGy 2.1x 105 CFU/g 3

KGy ;

10 kGy  3.0x 103 CFU/g 6

10 kGy
Table 2
2.7x 105 CFU/g 2
5 -

3 kGy 3.0x 105 CFU/g 6 .5
kGy  7.1x 103 CFU/g 3 kGy 2 2.9
x 106 CFU/g -4 6.0x 105 CFU/g

- 10kGy  3.0x 103 CFU/g
- 6
6.1x 106 CFU/g -
10 kGy
0] 3.0x 103 CFU/g
3 key
3 1.4x 108 CFU/g - 5 kGy 2
2.0x 106 CFU/g 10 kGy 1
1 3.4x 107 CFU/g
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6 ] 3 kGy  9.4x

106 CFU/g 4 1.5x 105 CFU/g
- 5 kGy 1.2x 106 CFU/g
4 105 CFU/g 5 104 CFU/g
- 10 kecy 1.2x 105 CFU/g
3 1.1x 105 CFU/g
2
4 3.0x 103 CFU/g
2 3.5x 103 CFU/g
4 , 6 -

3 kGy 3.6x 103 CFU/g

3, 5 kGy .
- staphylococcus
staphylocaoccus 3.0x 103 CFU/g
2 4 3.0x 103
CFU/g - 4
5 3.0x 103 CFU/g
4 5
3.0x 103 CFU/g 3, 5 koy 5
3.0x 103 CFU/g - 10 kGy
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0 1.5x 104 CFU/g

6 1.9x 105 CFU/g ] 3 kGy 1.5x 104
CFU/g 5 kGy
10 kGy -
3 kGy 4
4_4x 104 CFU/g 5, 10 kGy
. 1 5 KkGy
3.0x 103 CFU/g, 10 kGy 6.3x 103 CFU/g
; 0 1.5x 103
CFU/g
3.0x 103 CFU/g 4
; 3
kGy 4.2x 103 CFU/g
4 3.0x 103 CFU/g 6
. 5 KGy 3 3.0x 103 CFU/g 6
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- Vibrio
vibrio spp. - V.owlnificu, V.
parahaemoliticus D 0.1-0.2 kGy

- 1 kCy
Vivrio spp. 5-10 -

V.cholerae WHO
vibrio
4 8.7x 103 CFU/g ) 3 kCy
4 3.0x 103 CFU/g
6 .5 key 3 kGy
10 kGy
6 3.0x 103 CFU/g -
4 3.0x 103
CFU/g 6
- 3 kGy 4 3.5x 103 CFU/g
6 3.7x 103 CFU/g -
5 kGy 4 3.0x 103 CFU/g

10 kGy 5 kGy )

6 6.8x 105 CFU/g
. 1986 Vibrio
vulnificus 339 15 3.8%
10.0%, 8.2%. 2.2%
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. Yeast Mold
Yeast Mold 0 3.7x 103
CFU/g 3 3.0x 106 CFU/g

9.1x 106 CFU/g

3 kGy 3 3.0x 106 CFU/g
- 5 kGy 3 6.1x 106 CFU/g
4 . 10 koy
2, 3 3.0x 103 CFU/g
Yeast Mold 2
3 3.0x 105 CFU/g 6
80
. 3 kGy
3 4 1.3x 106
CFU/g . 5 kGy
3.0x 103 CFU/g 3 5.3x 103 CFU/g
. 10 key
4 3.1x 105 CFU/g
5 -
3 koy 2
3.0x 103 CFU/g 3 2.7x 104 CFU/g
- 10 kGy 3 7.3x 103 CFU/g
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6 3.0x 103

CFU/g -
5 kGy
10 kGy
vibrio 3 kGy - vibrio, staphylococcus
- 10 kGy
3 yeast&mold
-20
- yeast&mold

. 10 kGy

- 247 -



- pH

pH
pH
6
N - Fig 1
pH
3
pH
3
pH
pH
pH
1 ’
pH
pH
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- Fig 3

pH

10k
Gy
, SkGy
- i , 3
Fig 4 ~
Fi
g5

i)
J

10
kGy pH
6

pH



pH ,
, , 3kGy
, SkGy ]

. (VBN : Volatile Basic Nitrogen)

VBN
Fig 6 VBN , 4 VBN
5 3kGy
, 6 5kGy, 10KGy
) VEN 6.2 7.9Nmgk
. Fig 7 VBN )
VEN
) 6
VEN 12 6Nmg , 3kCy, 5kCy,
10kGy 7 .ONmg ) VBN
. Fig 8 VEN
3
6 374 . 6Nmgk
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; 3kGy, 5kGy, 10KGy 6.2 8.5Nmg¥%

Fig 9 Fig 10 VBN
VBN
. VBN ,
© ., 19,19, 19 - 6 ,
VBN
, 6 VBN
VBN .
. TMA
TMA TMAO
TMA , TMA amine NH3
, TMA
. Fig 11 Fig 12 TMA
TMA - 3
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TMA , 4

Fig 13 TVA TMA
1
, TNA
. Fig 14
Fig 15 TVA , TVA
TMA 1
] 6 TVA
TMA ,
TVA 6 2
TMA
] TNA
pH VBN
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carbonyl , TBA

malonaldehyde  2-thicobarbituric acid(TBA)

peroxide -
carbonyl TBA
- carbonyl TBA
Fig. 16 29 )
’ 1 carbonyl ,
1 carbonyl
10 kGy , 2 3 kGy
10 kGy ]
4 carbonyl
- , TBA
carbonyl 4
(Fig. 16, 17).
2 carbonyl ,
3 , 1
10 kGy , 2 s
3
4 3 key . TBA
carbonyl pattern - , 1
2
- 3 TBA
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, 10kGy 4

(Fig. 18, 19).

carbonyl TBA
Fig 20, 21 . carbonyl , 3kGy, 5kGy
10kGy
3 159 4
- TBA carbonyl 2
3kGy, 5kCy , 3
3kGy, 5kGy 10kGy
TBA
(Fig. 22, 23).
1 carbonyl
, TBA 1 2
(Fig. 24, 25).
carbonyl
4 10kCy
» . TBA
4 10kGy
, (Fig.
26 29).
, pH, VBN , TMA
, TBA carbonyl

- 253 -



- Salmonella typhimurium

SkGys ’ ’ ’ ’
, 10k Y Ames test
, Table 8 14 - ,
% 0.62
50mg/plate
- S-9mixture
S. typhimurium
0.62-50mg/plate
2
Y
G key), 10
kGy), (10 key), (10 kGy), (10 kGy), (10 kGy),
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10k ) Table 15 -

% 1250-2500mg/plate

Ampola VG, Ronsivalli LJ (1969) Effect of pre-irradiation quality
of eviscerated haddock on postirradiation shelf-life of fillets.
Journal of food science, 34: 27-30.

Baldelli B et al.(1971) Effects of gamma radiation on a strain of
Toxoplasma isolated from dog. Parasitologia, 13:105(in Italian)
Carver JH et al.(1969) Irradiation of fish at sea. In - Kreuzer R,
ed. Freezing and irradiation of fish. London, Fishing News.

CAST (1989) lonizing energy in food processing and pest control. .
Applications. Ames, 1A, Council for Agricultural Science and
Technology(Repart No.1159).

Clarke ID (1971) effects of radiation treatments. In: Hulme AC,

ed.The biochemistry of fruits and their products, Vol.2, New York,
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Academic Press.

6 Ehlermann D, Minzner R(1976) Radiation preservation of North Sea

shrimps. Archiv fur Lebensmittelhygiene, 27 - 50-55(in German).

7.

8

9.

10.

11.

12.

Ehlermann D, Reinacher E(1978) Some conclusions from shipboard
experiments on the radurization of whole fish iIn the Federal
Republic of Germany. In : Food preservation by irradiation,Vol. 1.
Vienna, International Atomic Energy Agency, pp-321-331
(1AEA-SM-221/18) .
Eklund MW(1982) Significance of Clostridium botulinum in fishery
products preserved short of sterilization. Food technology, 36 :
107-112.
Goresline HE et al.(1964) Tentative classification of food
irradiation processes with microbiclogical objectives. Nature,
204:-237-238.
Prachasitthisakdi Y et al.(1984) Lethality and flora shift of the
psychrotropic and mesophilic bacterial association of frozen
shrimps and chicken after radicidation. In: Kiss 1, Deak T, Incze
K, eds. Micribial associations and interactions in food.
Budapest, Publishing House of the Hungarian Academy of Science,
pp.417-428.
Ronsivalli LJ et al_(1966) Studies in petition-oriented aspects of
radiation pasteurization of fishery products. In : Preservation of
fish by irradiation. Vienna, International Atomic Energy Agency,
pp-1-11(Publicication No.STI1/PUB/196).

KAERI / RR-1321 / "93 2 -
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13. Primavera,J, Honculada.. INFCFISH. Environmental and socioeconomic
effects of shrimp farming; the Philippine experience. 1/94/page
44-49

14. Reilly, P.J.A_, Dr. Twiddy and R.S.Fuchs. Review of the Occurrence
of Salmonella in Cultured Tropical shirmp. FAO Fisheries Circular
no.851 FAO, Rome, May 1992

15. Lambet A.D., Maxcy RB; Effect of gamma radiation on Compylobacter
jejuni. J Food Sci, 49; 665 (1984)

16. Woods RJ, Pikaev AK: Interaction of radiation with matter. In
“ Applied adiation Chemistry: Radiation Processing.” John Wiley

Sons (1994)

17. El-Zawahry YA, Rowley DB,: radistion Resistance and injury of
Yersinia enterocolitica.Appl. Environ. Micraobiol, 37, 50(1979)

18. ) : s

., 27 (2) 185-192 (1995)

19. ) ) ) :

, .,17 (6) (1985)

20. : , 26 (3)
450-455 (1997)

21. Simmonds, C.K. and Lamprecht, E.C.: Microbiogy of frozen foods. In

“Microbiclogy of frozen fish and related products™ Robinsos, R.K.
(ed.), Elsevier Applied Science Publishers Ltd., N.Y.,169(1985)
22. , , : 15. 364(1983)
23. Sang, F.C., Hugh-Jornea, M.E. and Hagstad, H.V.: Viability of

Vibrio Cholerae 0:1 on legs under frozen and refrigerated
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Table 1. Effect of gamma irradiation on the growth of microcrganisms
in salted pollack®s viscera during storage at 5
(unit:CFU/g)

Storage Period(weeks)

kGy Microorganism

0 1 2 3 4 5 6
Psychrophile  5.6x 1042.7x 1051.9x 107 6.3x 106 3.0x 106 6.2x 107 1.7x 106
Staphylococcus 3.0x 1033.0x 103 ND NE 3.0x 103 3.0x 103 3.0x 103
Colifarrs ND ND ND ND ND ND ND
0 Vibrio ND ND ND ND 8.7x 103 3.0x 103 6.5x 103
Yeast Mold 3.7x 103 NE NE 3.0x 106 2.1x 106 9.1x 106 3.0x 106
Total bacteria 4.0x 1043.7x 1043.0x 1053.0x 105 1.3x 104 2.3x 104 1.3x 104
Psychrophile  5.5x 1036.2x 1041.6x 107 1.1x 107 3.0x 106 7.7x 1057.2x 106
Staphylacoccus ND ND ND NE ND  3.0x 103 3.0x 103
Colifarrs ND ND ND ND ND ND ND
3 Vibrio ND ND ND ND 3.0x 103 3.0x 103 3.0x 103
Yeast Mold 3.0x 103 NE NE 3.0x 106 6.4x 106 3.0x 106 1.4x 106
Total bacteria 4.7x 1046.1x 1034.7x 1035.6x 103 3.0x 103 3.0x 103 3.5x 103
Psychrophile 3.0x 1032.1x 1051.8x 107 1.3x 107 4.5x 106 1.3x 106 1.1x 107
Staphylacoccus  ND ND ND NE ND  3.0x 103 3.0x 103
Califarns ND  3.0x 103 ND ND ND ND ND
> Vibrio ND ND ND ND 3.0x 103 3.0x 103 3.0x 103
Yeast  NMold 3.0x 103 NE NE  6.1x 106 1.5x 107 1.3x 107 6.4x 106
Total bacteria 3.0x 1034.4x 1033.6x 103 3.0x 103 3.0x 103 3.0x 103 3.0x 103
Psychrophile 3.0x 103 NE  3.0x 104 3.0x 103 3.0x 103 3.0x 103 3.0x 103
Staphylacoccus  ND ND ND NE ND  3.0x 103 3.0x 103
Califarns ND 6.3x 103 ND ND ND ND ND
10 Vibrio ND ND ND ND ND ND  3.0x 103
Yeast Mold ND ND  3.0x 103 3.0x 103 ND ND ND

Total bacteria 3.0x 1039.5x 1033.0x 103 3.0x 103 3.0x 103 3.0x 103 3.0x 103

ND: not detected, NE: not experimented
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Table 2. Effect of gamma irradiation on the growth of microcrganisms
in salted pollack caviar during storage at 5

(unit: CFU/g)

kGy Microorganism

Staorage Period(weeks)

0 1 2 3 4 5 6
Psychrophile -3x 1052.7x 1054.5x 106 3.0x 106 3.0x 106 3.9x 105 3.3x 105
Staphylacaoccus 3.0x 103 ND ND NE ND  3.0x 103 3.0x 103
Colifarrs ND ND ND ND ND ND ND
0 Vibrio ND ND ND ND 3.0x 103 3.0x 103 3.0x 103
Yeast Mold .0x 103 2.8x 106 6.7x 105 3.0x 105 3.0x 105 3.0x 105
Total bacteria 8.7x 1042.9x 1042.1x 104 1.6x 104 8.0x 104 3.0x 103 2.4x 104
Psychrophile .0x 1043.0x 1055.0x 106 3.4x 106 3.0x 106 3.0x 106 4.1x 106
Staphylococcus ND ND ND NE ND  3.0x 103 3.0x 103
Colifarrs ND ND ND ND ND ND ND
3 Vibrio ND ND ND ND 3.5x 103 3.0x 103 3.7x 103
Yeast Mold .0x 103 1.7x 106 1.1x 106 1.3x 105 3.7x 106 8.1x 105
Total bacteria 2.6x 1043.0x 1033.0x 1039.4x 103 4.8x 103 3.0x 103 7.7x 103
Psychrophile .0x 1037.1x 1032.9x 106 3.0x 106 6.0x 105 2.5x 106
Staphylococcus ND ND ND NE ND  3.0x 103 ND
Colifarrs ND ND ND ND ND ND ND
> Vibrio ND ND ND ND 3.0x 103 3.0x 103 3.0x 103
Yeast Mold -Ox 1033.0x 103 5.3x 1057.9x 104 5.1x 106 5.2x 105
Total bacteria 3.0x 1033.3x 1033.6x 103 3.0x 103 3.0x 103 3.0x 103 3.0x 103
Psychrophile .0x 1033.0x 1031.3x 1045.4x 104 1.7x 106 2.9x 106 6.1x 106
Staphylococcus ND ND ND NE ND ND ND
Colifarrs ND ND ND ND ND ND ND
10 Vibrio ND ND ND ND 3.0x 103 3.0x 103 3.0x 103
Yeast Mold ND ND  1.6x 1041.8x 104 3.1x 105 3.3x 106 1.5% 106
Total bacteria 3.0x 1033.0x 1033.0x 103 3.0x 103 3.0x 103 3.0x 103 3.0x 103

ND: not detected, NE: not experimented
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Table 3. Effect of gamma irradiation on the growth of microcrganisms
in Dried fish paste during storage at 25
(unit:CFU/g)

Storage Period(weeks)

kGy Microorganism

0 1 2 3 4 5 6

Psychrophile 6.8x 103 NE NE NE NE NE ND
Staphylococcus ND NE NE NE NE NE ND
Califaorns ND NE NE NE NE NE ND

0 Vibrio ND NE NE NE NE NE ND
Yeast Mold ND NE NE NE NE NE ND
Total bacteria 4.2x 103 NE NE NE NE NE ND
Psychrophile ND NE NE NE NE NE ND
Staphylococcus ND NE NE NE NE NE ND
Califaorns ND NE NE NE NE NE ND

3 Vibrio ND NE NE NE NE NE ND
Yeast Mold ND NE NE NE NE NE ND
Total bacteria ND NE NE NE NE NE ND
Psychrophile ND NE NE NE NE NE ND
Staphylococcus ND NE NE NE NE NE ND

5 Califarns ND NE NE NE NE NE ND
Vibrio ND NE NE NE NE NE ND
Yeast Mold ND NE NE NE NE NE ND
Total bacteria ND NE NE NE NE NE ND
Psychrophile ND NE NE NE NE NE ND
Staphylococcus ND NE NE NE NE NE ND

10 Califarns ND NE NE NE NE NE ND
Vibrio ND NE NE NE NE NE ND
Yeast Mold ND NE NE NE NE NE ND
Total bacteria ND NE NE NE NE NE ND

ND: not detected, NE: not experimented
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Table 4. Effect of gamma irradiation on the growth of microcrganisms
in fish paste during storage at 5
(unit: CFUW/g)

Storage Periad(weeks)

kGy  Microorganism

0 1 2 3
Psychraphile 3.0x 103 NE NE NE
Staptylococcus ND NE NE NE
Coliforms ND ND NE NE
0 Vibrio ND ND NE NE
Yeast Mald ND NE NE NE
Total bacteria 3.0x 103 NE NE NE
Psychraphile ND NE NE 1.4x 108
Staptylococcus ND ND ND ND
Coliformrs ND ND ND ND
3 Vibrio ND ND ND ND
Yeast Mald ND ND 3.0x 103 2.7x 104
Total bacteria ND NE NE NE
Psychraphile ND NE 2.0x 106 NE
Staptylococcus ND ND ND ND
5 Coliforms ND ND ND ND
Vibrio ND ND ND ND
Yeast Mald ND NE NE NE
Total bacteria ND ND ND ND
Psychraphile ND ND NE NE
Staptylococcus ND ND ND ND
Coliforms ND ND ND ND
10 Vibrio ND ND ND ND
Yeast Mald ND ND NE 7.3x 103
Total bacteria ND ND ND ND

ND: not detected, NE: not experimented
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Table 5. Effect of gamma irradiation on the growth of microcrganisms
in dried laver during storage at 25

(unit: CFU/g)

Storage Periad(weeks)

kGy Microarganism
0 1 2 3 4 5 6
Psychraphile 7.4%x 106 3.4x 1072.0x 107 4.2x 106 1.5x 1073.0x 1061.5x 105
Staphylococcus 1.5x 104 ND NE ND ND  1.9x 105
0 Colifarms 1.5x 103 ND ND ND ND ND ND
Vibrio ND ND ND ND ND ND  6.8x 105
Yeast Mold ND ND ND ND ND ND ND
Total bacteria 5.7x 106 2.8x 1072.6x 107 3.7x 107 1.5x 1073.3x 1061.5x 106
Psychraphile 1.2x 106 9.4x 1062.2x 1061.5x 106 1.5x 1051.5x 1051.5% 105
Staphylococcus 1.5x 104 1.5x 104 ND NE  1.5x 1041.5x 1041.5x 104
Colifarms ND ND ND ND ND ND ND
3 Vibrio ND ND ND ND ND ND ND
Yeast Mold ND ND ND ND ND ND ND
Total bacteria 7.9x 1058.7x 1052.3x 106 1.5x 106 1.5x 1056.5x 1041.5x 105
Psychraphile 1.2x 1062.0x 106 1.5x 106 1.5x 1062.8x 1051.5x 105
Staphylococcus 1.5x 104  ND ND NE ND ND ND
5 Colifarms ND ND ND ND ND ND ND
Vibrio ND ND ND ND ND ND ND
Yeast Mold ND ND ND ND ND ND ND
Total bacteria 2.4x 1062.1x 106 1.5x 1062.7x 1051.5x 105
Psychraphile NE 1.2x 1055.3x 104 1.1x 105 1.0x 1065.7x 1051.5% 105
Staphylococcus NE ND ND NE ND ND ND
10 Colifarms NE ND ND ND ND ND ND
Vibrio NE ND ND ND ND ND ND
Yeast Mold NE ND ND ND ND ND ND
Total bacteria NE 1.7x 1056.5% 104 1.4x 105 9.5x 1053.7x 1051.5% 105

ND: not detected, NE: not experimented

- 264 -



Table 6. Effect of gamma irradiation on the growth of microcrganisms
in dried sea tangle during storage at 25
(unit:CFU/g)

_ Starage Period(weeks)
kGy Nicroorganism

0 1 2 3 4 5 6

Psychrophile  3.0x 103 NE ND NE 3.0x 103 NE ND
Staphylococcus ND NE ND NE ND NE ND
Coliforms ND NE ND NE ND NE ND

0 Vvibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE ND
Total bacteria ND NE ND NE ND NE ND
Psychraphile ND NE ND NE ND NE ND
Staphylococcus ND NE ND NE ND NE ND
Coliforms ND NE ND NE ND NE ND

3 Vvibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE ND
Total bacteria ND NE ND NE ND NE ND
Psychraphile ND NE ND NE ND NE ND
Staphylococcus ND NE ND NE ND NE ND
Coliforms ND NE ND NE ND NE ND

> Vvibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE ND
Total bacteria ND NE ND NE ND NE ND
Psychraphile ND NE ND NE ND NE ND
Staphylococcus ND NE ND NE ND NE ND
Coliforms ND NE ND NE ND NE ND

10 Vvibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE ND
Total bacteria ND NE ND NE ND NE ND

ND: not detected, NE: not experimented
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Table 7. Effect of gamma irradiation on the growth of microcrganisms
Arkshell during storage at -20
(unit:CFU/g)

Storage Period(weeks)

0 1 2 3 4 5 6

kGy Microorganism

Psychraphile 1.3x 104 NE 3.5x 103 NE 3.0x 103 N 3.0x 103
Staphylococcus 3.0x 103 NE ND NE ND NE ND

o Califorrs ND NE 3.0x 103 NE 3.0x 103 NE ND
Vibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE 3.0x 103
Total bacteria 3.0x 103 NE 3.0x 103 NE 3.0x 103 N 3.0x 103
Psychrophile 3.0x 103 NE 3.6x 103 NE 3.0x 103 NE 3.0x 103
Staphylococcus ND NE ND NE 4.4x 104 NE ND
Califorrs ND NE 4.2x 103 NE 3.0x 103 NE ND

3 Vibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE 3.0x 103
Total bacteria ND NE 3.0x 103 NE 3.0x 103 N 3.0x 103
Psychrophile ND NE 3.6x 103 NE 3.0x 103 NE 3.0x 103
Staphylococcus ND NE ND NE ND NE ND
Califorrs ND NE 3.0x 103 NE 3.0x 103 NE 3.0x 103

> Vibrio ND NE ND NE ND NE ND
Yeast Mold ND NE ND NE ND NE 3.0x 103

Total bacteria ND NE 3.0x 103 NE 3.0x 103 NE 3.0x 103

ND: not detected, NE: not experimented
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Table 8. Mutagenic effects of Arkshell(Anadara broughtonii) irradiated
with gamma ray at a dose of 5kGy

Conc.. No. of His+ revertants per platea
( /plate) S-9 radiation TA98 TA100 TA1535 TA1537
50 + + 17« 2 116+ 10 35+ 2 15+ 4
16.67 + + 12+ 2 126+ 21 27+ 2 13+ 1
5.56 + + 17+ 3 121+ 11 24+ 6 14+ 3
1.85 + + 16+ 1 125+ 9 24+ 4 8x1
0.62 + + 16+ 4 118+ 7 21+ 2 10+ 1
0 + + 20+ 1 122+ 27 20+ 8 12+ 3
2-AAb + ne ne g8+ 11 ne
B[a P + 458+ 278 ne 42
50 - + 21+ 2 73+ 10 23+ 2 11+ 2
16.67 - + 17+ 4 64+ 3 21+ 4 12+ 4
5.56 - + 18+ 7 76+ 11 2+ 2 15+ 3
1.85 - + 17+ 6 72+ 13 20+ 2 12+ 2
0.62 - + 21+ 2 77+ 12 21« 7 7+ 1
0 - + 21+ 5 95+ 15 28+ 15 13+ 2
2-NF - 1141+ 130 ne ne ne
MNNG - ne 1013+ ¢4 887+ 100 93t 13

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 9. Mutagenic effects of dried laver irradiated with gamma ray at
a dose of 10kGy

Canc. o No. of His+ revertants per platea
( /plate) $9 radiation TAG8 TA100 TA1535 TA1537
50 + + 29+ 6 113+ 11 23+ 4 11+ 2
16.67 + + 26+ 3 113+ 4 23+ 7 11+ 2
5.56 + + 28+ 5 106+ 6 24+ 4 16+ 3
1.85 + + 20t 2 2+ 7 24+ 3 10+ 1
0.62 + + 24+ 4 103+ 3 28+ 2 11+ 4
0 + + 20 1 122+ 27 20+ 8 12+ 3
2-AAb + ne ne g8+ 11 ne
B[a JP + 120+ 12 453+ 278 ne 42
50 - + 17+ 2 85+ 15 50+ 3 13+ 2
16.67 - + 15+ 4 72+ 13 49+ 3 14+ 2
5.56 - + 18+ 2 65+ 3 57+ 17 15+ 3
1.85 - + 22+ 6 70+ 6 47+ 8 11+ 1
0.62 - + 25+ 10 57+ 5 4+ 11 10+ 1
0 - + 21+ 5 95+ 15 28+ 15 13+ 2
2-NF - 1141+ 130 ne ne 93t 13
MNNG - ne 1013+ 94 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 10. Mutagenic effects of dried sea tangle irradiated with gamma
ray at a dose of 10kGy

Canc. o No. of His+ revertants per platea
O T TA100 TAI535  TA1537
50 + + 12+ 1 120+ 9 16t 2 12+ 2
16.67 + + 14+ 2 89 + 24 271+ 8 9x1
5.56 + + 13+ 4 114+ 2 31+ 10 92
1.85 + + 15+ 2 106+ 3 3B+ 5 10+ 2
0.62 + + 15+ 5 117+ 3 34+ 3 8x1
0 + + 20 14 122+ 27 32+ 9 12+ 3
2-AAb + ne ne g5+ 9 ne
B[a JP + 120+ 12 453+ 278 ne 42
50 - + 18+ 3 123+ 11 44+ 5 14+ 5
16.67 - + 18+ 4 100+ 1 44+ 8 14+ 4
5.56 - + 15+ 3 121+ 11 34+ 7 14+ 4
1.85 - + 17+ 6 S5+ 6 55+ 5 16+ 3
0.62 - + 18+ 1 106+ 11 63+ 5 15+ 3
0 - + 21+ 5 S5 £ 15 28+ 5 19+ 3
2-NF - 1141+ 130 ne ne 94+ 15
MNNG - ne 1013+ ¢4 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 11. Mutagenic effects of salted pollack caviar irradiated with
gamma ray at a dose of 10kGy

Canc. o No. of His+ revertants per platea
(o/platey 0 IO T TAL00 TAIS35  TA1537
50 + + 24+ 4 103+ 2 28+ 2 9+ 3
16.67 + + 24+ 4 102+ 4 30+ 8 8+ 2
5.56 + + 26+ 10 62+ 2 25+ 2 9+ 2
1.85 + + 21+ 1 110+ 9 25+ 2 14+ 6
0.62 + + 26+ 4 129+ 19 20+ 1 16 3
0 + + 20 1 122+ 27 32+ 9 12+ 3
2-AAb + ne ne 95+ 9 ne
B[a JP + 120+ 12 453+ 278 ne 42
50 - + 9+ 3 92 £ 10 22+ 3 12+ 2
16.67 - + 15+ 4 97 £ 14 24+ 5 14+ 2
5.56 - + 20t 8 106+ 7 18+ 5 15+ 3
1.85 - + 26+ 16 100+ 1 28+ 12 11+ 1
0.62 - + 9+ 1 98 + 13 2+ 2 10+ 1
0 - + 21+ 5 S5 £ 15 28+ 15 13+ 2
2-NF - 1141+ 130 ne ne 93t 13
MNNG - ne 1013+ ¢4 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 12. Mutagenic effects of salted pollack™s viscera irradiated
with gamma ray at a dose of 10kGy

Canc. o No. of His+ revertants per platea
(o/platey 0 IO T TAL00 TAIS35  TA1537
50 + + 23+ 3 02+ 7 38t 4 81
16.67 + + 19+ 4 105+ 5 40+ 1 7+ 1
5.56 + + 25+ 5 %6 £ 12 3%t 4 S+ 1
1.85 + + 27+ 3 104+ 12 33t 2 7+ 1
0.62 + + 20+ 8 123+ 20 34+ 1 7+ 1
0 + + 20 1 122+ 27 32+ 1 12+ 3
2-AAb + ne ne 95+ 9 ne
B[a JP + 120+ 12 453+ 278 ne 42
50 - + 16+ 2 103+ 10 25+ 9 11+ 1
16.67 - + 17+ 2 S5+ 7 16t 5 8 1
5.56 - + 14+ 2 81 £ 16 19+ 3 15+ 5
1.85 - + 16+ 7 104+ 3 29+ 9 11+ 2
0.62 - + 15+ 4 78+ 8 26+ 3 20+ 1
0 - + 21+ 5 S5 £ 15 28+ 15 13+ 2
2-NF - 1141+ 130 ne ne 93t 13
MNNG - ne 1013+ ¢4 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 13. Mutagenic effects of boiled fish paste irradiated with gamma
ray at a dose of 10kGy

Canc. o No. of His+ revertants per platea
(o/platey 0 IO T TAL00 TAIS35  TA1537
50 + + 27+ 2 115+ 2 22+ 2 11+ 2
16.67 + + 27+ 1 138+ 10 25+ 3 11+ 1
5.56 + + 23+ 3 132+ 8 27+ 2 11+ 3
1.85 + + 23+ 14 147+ 5 24+ 4 11+ 3
0.62 + + 22+ 2 129+ 19 24+ 3 14+ 5
0 + + 20 1 122+ 27 32+ 9 12+ 3
2-AAb + ne ne 95+ 9 ne
B[a JP + 120+ 12 453+ 278 ne 42
50 - + 21+ 3 108+ 10 25+ 4 10+ 1
16.67 - + 15+ 1 63+ 5 26+ 3 11+ 1
5.56 - + 15+ 4 74 + 11 24+ 3 22+ 3
1.85 - + 24+ 3 66 £ 9 21+ 1 18+ 7
0.62 - + 18+ 2 61 £ 11 25+ 4 20+ 4
0 - + 21+ 5 S5 £ 15 28+ 15 13+ 2
2-NF - 1141+ 130 ne ne 93t 13
MNNG - ne 1013+ ¢4 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 14. Mutagenic effects of dried fish paste irradiated with gamma
ray at a dose of 10kGy

Canc. o No. of His+ revertants per platea
(o/platey 0 IO T TAL00 TAIS35  TA1537
50 + + 16+ 3 132+ 7 26 2 9+ 2
16.67 + + 14+ 1 126+ 10 27+ 4 7+ 2
5.56 + + 15+ 2 127+ 14 25+ 2 11+ 3
1.85 + + 17+ 4 126+ 10 24+ 1 16 2
0.62 + + 15+ 1 124+ 2 20+ 3 13+ 2
0 + + 20 1 122+ 27 32+ 9 12+ 3
2-AAb + ne ne 95+ 9 ne
B[a P + 453+ 278 ne 42
50 - + 17+ 2 85+ 7 34+ 9 18+ 2
16.67 - + 18+ 5 80+ 19 46+ 11 16 2
5.56 - + 9x1 88+ 12 583t 5 15+ 4
1.85 - + 20 1 64+ 4 55+ 5 15+ 3
0.62 - + 14+ 3 73+ 9 53+ 8 14+ 2
0 - + 21+ 5 95+ 15 28+ 15 19+ 3
2-NF - 1141+ 130 ne ne 94+ 15
MNNG - ne 1013+ ¢4 887+ 100 ne

a. Numbers represent the SD of three plates.
b. 2-AA, 2-aminoanthracene; 2-NF, nitrofluorene;

MNNG, N-methy-N"-nitro-N-nitrosoguanidine; B[a ]JP, Benzo[a ]pyrene.
C. ne, not examined.
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Table 15. Frequency of micronucleus farmaticn from marrow in mice oral
administrated with gamra irraiated fishery productst

Test compound Dose i} No. of MNRET/1,000 RET?
( /plate) mice tested

D.w 3 3.8 1
Arkshell (5kGy) 2,500 3 2.8+ 1
1,250 3 2.8+ 1
dried laver (10kGy) 2,500 3 4.3t 1
1,250 3 201
dried sea tangle (10kCy) 2,500 3 2.8+ 1
1,250 3 25+ 1
boiled fish paste (10kGy) 2,500 3 40+ 1
1,250 3 25+ 1
dried fish paste (10kCy) 2,500 3 3.5t1
1,250 3 461
salted pollack caviar 2,500 3 3.3t 1
(1CkGy) 1,250 3 3.0+ 1
salted pollack®s viscera 2,500 3 3.2+ 1
(1CkGy) 1,250 3 3.0+ 1
MMC3 c.5 3 22+ 2

1. Each value represents the + SD of three plates
2. MNRET : micronucleated reticulocyte ; RET : reticulocyte
2. MMC : mitomycin C

- 274 -



	방사선을 이용한 식품 살균/살충 및 장기안전저장 기술개발에 관한 연구
	요약문
	목차
	제1장 서론
	제1절 연구의 배경
	1. 이론적 배경
	2. 국내외 연구동향
	3. 안전성에 대한 규제 및 관리

	제2절 연구개발의 필요성 및 목표
	1. 기술적 측면
	2. 경제, 산업적 측면
	3. 사회, 문화적 측면
	4. 앞으로의 전망
	5. 연구개발의 최종목표

	제3절 연구개발 내용 및 범위
	1. 위생화/장기안전저장기술개발
	2. 방사선조사 식품의 이화학적 품질평가
	3. 방사선조사 식품의 안전성 평가 연구

	제4절 참고문헌

	제2장 농산물의 위생화 및 장기저장시험
	제1절 서론
	제2절 실험재료 및 방법
	1. 주요 농산물의 위생화/장기안전저장기술개발
	2. 방사선조사 농산물의 이화학적 품질평가
	3. 방사선조사 농산물의 안전성 평가 연구

	제3절 결과 및 고찰
	1. 주요 농산물의 위생화/장기안전저장기술개발
	2. 방사선조사 농산물의 이화학적 품질평가
	3. 조사식품의 안전성 평가 연구

	제4절 참고문헌

	제3장 축산물의 위생화 및 장기저장시험
	제1절 서론
	제2절 실험재료 및 방법
	1. 실험재료
	2. 미생물학적 품질평가 시험
	3. 이화학적 특성 시험
	4. 유전독성학적 안전성 시험

	제3절 결과 및 고찰
	1. 미생물학적 안전성 평가
	2. 감마선 조사 축산물의 이화학적 품질특성 평가
	3. 감마선 조사 축산물의 유전독성학적 안전성 평가

	제4절 참고문헌

	제4장 수산물의 위생화 및 장기저장시험
	제1절 서론
	제2절 재료 및 방법
	1. 시료 및 감마선 조사
	2. 오염유기체의 분리, 검색
	3. 조사식품의 이화학적 품질평가
	4. 유전독성학적 안전성 시험

	제3절 결과 및 고찰
	1. 미생물의 오염과 감마선 살균효과
	2. 저장기간에 따른 미생물의 생육변화
	3. 저장기간에 따른 이화학적 품질특성 평가
	4. 감마선 조사 수산물의 유전독성학적 안전성 평가

	제4절 참고문헌





