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SUMMARY

| . Project Title

Development of Detection Methods for Irradiated Agricultural Products

II. Objectives and Importance of the Project

The purpose of this study is to identify the applicability of the investigation-related
confirmation test method of imports and exports agricultural food of "the confirmation test
method of the investigation food" implemented in connection with the irradiation of the
food by Food and Drug Administration.

Also, it is to suggest a discrimination method of radiation or not in the raw material of
the agricultural food or processed food. The radiation examination of food has done for 56
country 230 item. Thus, the detection administration is thoroughly required for the
competitive power guarantee of the industry in connection with the home country protection
and the practicalization promotion of the related technology. Furthermore, the system
development for the safety assurance of the irradiated food and quality assurance are urgent
for the improvement of quality competitiveness about the export-import product while the

international trade increases.

lIl. Contents and Scope of the Project

Section 1. Radiation examination and discrimination technology development of

livestock products by chemical detecting method

The item of 14 kinds of food containing fat was selected for the legal application of the
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confirmation test method of the irradiated food among imports and exports agricultural food,
and the radiation or not was determined by the chemical method. Also, the change and
generation of hydrocarbons and 2-alkylcyclobutane of the lipidtemns was identified during
the storage period, and the characteristic of the change and investigation absorbed dose was
predicted in the radiation of the agricultural food. Thus, the radiation discrimination
acceptance and rejection was confirmed and tried to the field applicability to be enhanced

through the interlaboratory with the industry.

1. Development of rapid judgement technique, absorbed dose assessment and
investigation processed or not of imports and exports livestock processed raw material
and processing products

2. Discrimination marker setting of agricultural food raw material and processing
products for radiation processing or not by chemical detecting method

3. Identification of discrimination marker characteristic  (change) of livestock
processed raw material during storage period

4. Establishment of discriminant technique of agricultural products raw material by

irradiation dose and processing products during the storage period

Section 2. Development of Detection Methods for Imadiated Agricultural Materials

and Products

To improve the application and accuracy of irradiated food detection methods, discriminating
characteristics of physical detection methods (PSL, TL, ESR) for about 40 different kinds of
frequently used agricultural products were monitored during the storage period. In addition,
evaluation of photoluminescence and radiation specific free-radical concentration in irradiated
agricultural food was made to predict irradiated doses. Reliability and secured applicability of the
detection methods were tested by inter-laboratory study in collaboration with food industry. To serve

purpose following points were taken in deep considerations;
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1. Physical detection marker analysis and making database to facilitate import/export of
gamma-irradiated agricultural raw materials

2. ldentification and building database of luminescence characteristics and ESR signal properties by
origin and varieties of agricultural raw materials.

3. Identification and building database of physical detection markers for agricultural raw materials
(products) irradiated by y-ray.

4. Monitoring the detection markers in irradiated agricultural raw materials subjected to different

processing types (mixing, drying, sterilization).

e

Developing irradiated dose evaluation method for agricultural raw materials and products,

irradiated by e-beam/y-ray during the storage time.

Section 3. Distinguishing Techniques on the Imadiated food of Agricultural Foods by

Electron Spin Reronance(ESR)

1. Development of rapid distinguishing techniques for the irradiation treatment of exported and
imported livestock products

2. Development of estimation techniques for the absorbed does of imported livestock products

3. Establishment of distinguishing techniques for storage period

4. Analysis of specific marker of irradiated food of export and imported livestock products

Section 4. Development of Detection Methods for E-beam Imadiated Agricultural

Materials and Products

At present, irradition method permitted in Korea is Y-ray(C0-60). It has the advantage that it can
be used for completely packaged or bulk products by high transmittance. The faults of it are that it
takes a long time and it has problem for consumer's acceptance. In comparison, E-beam has

advantages of short irradiation time and accuracy. It also has weakness of low transmittance. At
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present, Y-irradiation is only permitted in Korea, but both Yy-irradiation and E-beam are permitted in
America and Europe, etc.

To activate of E-beam irradiation methods, the study of physical identification methods (PSL, TL,
ESR) and chemical identification method (GC/MS) are done using irradiated thirty agricultural
materials and products by E-beam. And the change of identification marker according to the storage

and industrial processing are done using several selected samples.

1. Physical identification marker analysis and making database of E-beam irradiated agricultural
materials

2. Physical identification marker analysis and making database of E-beam irradiated agricultural
products

3. Chemical identification marker analysis and making database of irradiated agricultural materials

4. Physical and chemical identification marker analysis and making database of E-beam irradiated
agricultural materials according to storage time.

5. Physical identification marker analysis and making database of E-beam irradiated agricultural

materials subjected to different processing types(drying, sterilization)

Section 5. Development of Detection Methods for imadiated livestock food using

TL and PSL

Our research was focused on finding optical methods, in order to detecting irradiation of raw
material and finished products of baby food, dried whole milk, formulated milk powder, sausage
and dried meat products. Determination of detection limit was measured with finished products
which contain fixed ratio of irradiated raw materials; therefore radiation can be detected and can be

easily applied at the quality control of the production line.

1. Physical detection marker analysis and making database to facilitate import/export of gamma and
electron beam irradiated raw ingredients and finished products of baby food, dried whole milk

and formulated milk powder.
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2. Identification of gamma and electron beam irradiated raw material and finished products of baby
food, dried whole milk and formulated milk powder during the storage time

3. Study in detection of limits accordance to ratio of raw ingredient of baby food.

4. Physical detection marker analysis and making database to facilitate import/export of gamma and
electron beam irradiated raw ingredients and finished products of sausages and dried meat.

5. Identification of gamma and electron beam irradiated raw material and finished products of

sausages and dried meat during the storage time.

o

Study in detection of limits accordance to ratio of raw ingredient of sausages.

IV. Results of the Project and their Applications

Section 1. Development of livestock products imadiation judgement technique by

chemical detecting method

A. Tt emitted electron beam for the irradiation or not discrimination of imports and exports livestock
products in the sample with the gamma-ray and the unload discrimination characteristic was

confirmed.

B. The chicken, pork, beef, dry whole milk, modified milk powder, baby food, cooking oil, beef
powder S(beef jerky), beef powder D(ham), natural cheese, process cheese, and fat of the vienna
sausage were extracted and it separated to SPE catridge and the separated hydrocarbons were

analyze by GC/MS.

C. In the saturated hydrocarbon including the pentadecane, heptadecane, and etc, since it could be
detected from the polution of the solvent, it was 1-tetradecene and derived from the palmitic
acid 17-hexadecadiene, derived from the oleic acid 1-heptadecene suitable for the irradiation or

not discrimination for the marker.
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. In the chicken, pork, beef, cooking oil, natural cheese, process cheese, and vienna sausage, it
was confirmed and that hydrocarbons increased due to the significance the radiation and electron

beam inspection discrimination yes or no was possible.

. 17-hexadecadiene and 8-heptadecene was confirmed as the irregular aspect in the sample which
is irradiated in the dry whole milk, modified milk powder, baby food, and beef powder S and

beef powder D according to the dose.

. That is, in case of being the powder product, it was considered that analysis by the physical
detecting method was needed since the spectrum of the mixture of the powdered milk and beef
powder itself and hydrocarbon overlapped and the analysis by the sim mode was difficult and

the problem was in the positive quantity.

. As to the hydrocarbons analysis by SPE cartridge and LC column, in the case of the cooking
oil, the difference of the value of fixed quantity according to the separation method was not
confirmed and was determined that method using SPE cartridge for the meat product excluding
the powder product confirmed the effectiveness for the hour and solvent saving but the
contaminant of SPE cartridge itself including the base line and antioxidant, and etc. was

detected and the Instrumental analysis by SIM mode was needed.

. The detection value which is similar that it gathers in the absorbed dose of the result of
comparing and analyze the hydrocarbons generated in the gamma-ray and test piece which
electron beam is examined gamma-ray and electron beam inspection was displayed. And it

emitted electron beam the gamma-ray and difference could not be discovered.

I. When the hydrocarbon type analysis by SPE it follows in the storage periods (3,6,12 months)s

cartridge and which LC column was detected as the same tendency irrelative of the storage

period and the hydrocarbons were confirmed not to be influenced by the storage period.
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J. When mixing 10% in the food containing fat which the ratio is the food containing fat irradiated

as 5kGy and 10kGy irradiated and processing, the generated hydrocarbon could be detected.

Section 2. Development of Detection Methods for Imadiated Agricultural Materials

and Products

A. Thirty five food items were subjected to discriminate as irradiated or not by
Thermoluminescence (TL) methods, to facilitate import/export of agricultural food. All
un-irradiated samples showed low intensity TL glow curve after 300°C, but samples, irradiated by
y-ray over 1 kGy showed high intensity of TL glow curve in 150-250C range. To increase the
accuracy & reliability, TL ratio(TL1/TL2) was used. All un-irradiated samples gave TL ratio less
than 0.1 whereas all irradiated were over 0.1, therefore clear discrimination was possible.
Intensity and TL ratio decreased with storage time; however identification was still possible over

studied storage period.

B. In Electron Spin Resonance (ESR) analysis, dried spring onion(Allium fistulosum), carrot,
pumpkin, lettuce, pistachio, walnut, soybean, pepper powder, and white ginseng showed signals
corresponding to cellulose radical, whereas cabbage, raisin, dried mango, complex seasoning,
instant food, and soup powder showed multi-component signal corresponding to crystalline sugar.
Intensities of these signals were dependent on irradiation doses. Cellulose radical was possible to

detect during 8-9 months and crystalline sugar radical was possible to detect even after 1 year.

C. Using Photostimulated luminescence (PSL) analysis, screening was possible for lettuce, cabbage,
soybean, red bean, pea, curcuma, wheat, raisin, ginseng concentrate, soup powder, instant
seasoning, and liquid sauce showed un-irradiated samples under 700 photon counts (PCs) the
negative value. However, irradiated samples showed PCs over 5,000 the positive value. But

pumpkin, carrot, pistachio, walnut, pepper powder, pepper, rice, shiitake mushroom, oyster
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mushroom, dried mango showed PCs results in intermediated range (700-5,000) showing inability

of PSL method to screen these samples properly.

In comparison, based upon origin and varieties of agricultural raw materials, no specific
discrimination characteristics were found for TL & PSL method with exception of luminescence
intensity. It represents PSL, TL and ESR methods have wide application regardless of origin and
varieties. In result of ESR analysis, intensity of cellulose signal in fresh irradiated ginseng

increased with the growing period showing importance of cellulose for ESR analysis.

. PSL and TL analysis were employed to test the presence of Y-ray irradiated sample in different
mixing ratios (0.1%~10% irradiated sample in non irradiated one). PSL result of 1 kGy irradiated
samples showed negative value when mixed at the rate of under 0.5%, intermediate at 0.5~9%.
10 kGy irradiated samples showed negative value at 0.1% mixing and intermediate, positive
values at over 0.1%. TL analysis gave TL ratio for the all mixed samples under 0.1, but glow

curve showed clear difference between irradiated and un-irradiated samples.

. Effect of drying conditions (spray drying, vacuum drying) was also monitored for 4 different
kinds of irradiated seasoned food ingredients (beef powder, soybean paste powder, broth
seasoning, & soybean powder). In PSL analysis, photon counts of irradiated samples before
drying were 4542~13149556 PCs, but after drying greatly decreased to 297~7619471 PCs.
Especially PSL result of 5 & 10 kGy irradiated spray dried beef and soybean powder showed
negative value, showing inability of PSL method to screen these samples. TL analysis, before
and after drying, of 5 and 10 kGy irradiated samples gave glow curve between 150~250C
range. Like PSL results, TL intensities of spray dried samples were also less than that of
vacuum dried samples, showing potential decreasing effect of spray drying on luminescence

characteristics.

. Irradiated garlic powder, mixed in ratio of 0.5~3% with food ingredient and processed (steam

sterilized, 85°C), was investigated for 2 different kinds of liquid sauces (bul-gogi, ssam-jang). In
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result, shape of glow curve (in range of 150~250C for irradiated &  after 280C for
un-irradiated), was only way to evaluate the possible treatment because all TL ratio wereunder
0.1. The Iluminescence intensity appeared differently for different sample depending upon
theamount of contaminated minerals, so difference caused by dose and mixing ratio were not

clear.

Section 3. Distinguishing Techniques on the Imadiated food of Agricultural Foods by

Electron Spin Reronance(ESR)

A. Establishment of most suitable condition for the milk and meat products & Analysis of the

specific marker

. R? value was more than 0.95, dose estimation could be applied by regressional analysis.

. There was not differences in the ESR spectrum according to the radiation source between the

Gamma-ray and electron beam

. The ESR signal of Glucose, lactose and infant formula were not greatly changed in the storage
period, on the other hand, weaning food and whole milk powder were decreased. Fourty-two
kinds of the seventy-nine tested livestock products could be distinguished by the ESR method

although this changes.

. Heating method for sample dry could induce radical change of sample, therefore frozen drying

method was best for the pre-treatment.

Most of crystallized glucose and synthetic additives were easily distinguished between non

-irradiated samples and irradiated samples in the low dose less than 1 kGy.
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G. Most samples were could be distinguished in the conditions of ingredient contents more than

5~10%, exception for the case of crystallized glucose in the 1%.

H. Most final meat products couldn't be distinguished by ESR signal, but the most agricultural

ingredients could be.

Section 4. Development of Detection Methods for E-beam Imadiated Agricultural

Materials and Products

A. An investigation is done by PSL that is rapid screening methods for determining of whether
E-beam irradiated or not, and is reported as a standard method for spice and dried vegetable.
The analysis on 12 food items showed that photon counts for none-irradiated samples such as
cabbage, carrot, soybean, a red-bean, black pepper, ginger, wheat, sesame, perilla and shiitake
mushroom indicated under 700, but those for irradiated samples showed over 5000 that means a
positive value. The photon counts are increased in a irradiation dose-dependent manner. But,
pistachio and walnut showed intermediated value (700-5000 photon counts) regardless of

irradiation, so PSL can't be applicable to those.

B. To analysis and make database for physical identification marker of E-beam irradiated
agricultural raw materials, TL method was done using cabbage, carrot, pistachio, walnut,
soybean, a red-bean, black pepper, ginger, wheat, sesame, perilla and shiitake mushroom. Except
pistachio, all irradiated samples showed the first TL glow curve in a range of 150~250C and
showed TL ratio (TL1/TL2) over 0.1. Therefore, all irradiated samples were discriminated

whether irradiated or not by TL method except pistachio.

C. To analysis and make database for ESR identification marker of E-beam irradiated agricultural
raw materials, ESR method was done using same twelve agricultural items. Signal intensity
showed significant increasing levels in irradiated samples by comparison with non-irradiated

those, and increased in a irradiation dose-dependent manner. Signal of single line that was
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estimated for polyphenol was detected in cabbage, walnut, adzuki bean, black pepper, ginger,
sesame, and perilla regardless of irradiation. That signal was increased in irradiated sample, but
it also existed a little bit in non-irradiated sample. Therefore, those samples can't be
discriminated whether irradiated or not by ESR. Signal derived from crystalline sugar was
detected in carrot and wheat, and signal of triplet line derived form cellulose was detected in
pistachio. Therefore carrot, wheat, and pistachio can be discriminated whether irradiated or not

by ESR.

D. When the agricultural products were analysed by PSL method, the photon counts showed under
700 in non-irradiated raisin, red pepper powder and soup, and showed over 5000 in irradiated
samples. Therefore, those can be discriminated whether irradiated or not by PSL. However,

non-irradiated instant seasoning showed intermediated value (700-5000 photon counts).

E. Four agriculture products were subjected to distinguish whether irradiated or not by TL methods.
All irradiated samples showed TL glow curve in a range 150~250C and TL ratio (TL1/TL2)
is over 0.1. All non-irradiated samples showed under 0.1 of TL ratio. Therfore those can be

discriminated whether irradiated or not by TL.

F. Four agriculture products were subjected to distinguish whether irradiated or not by electron spin
resonance (ESR) analysis. Signal intensity showed significant increasing levels in irradiated
samples by comparison with non-irradiated those, and increased in a irradiation dose-dependent
manner. Multi-component signal derived from crystalline sugar was detected in irradiated raisin,
and signal of triplet line derived from cellulose was detected in irradiated red pepper powder,
and signal derived from crystalline sugar was detected in irradiated instant seasoning. All

samples can be discriminated whether irradiated or not by ESR.

G. The chemical identification (hydrocarbon analysis, GC/MS) method was done using high
fat-agricultural materials such as walnet, soybean, and sesame. In all irradiated by E-beam and

y-ray, l,7-hexadecadiene and 8-heptadecene that are markers for irradiation were detected and
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H.

increased in a irradiation dose-dependent manner. Those marker were not detected in
non-irradiated samples. Therefore, those can be discriminated whether irradiated or not by

GC/MS.

Physical and Chemical methods were done using carrot, walnut, soybean, red pepper powder,
wheat, sesame, and instant seasoning according to storage time(0, 6, 12 month). In PSL method,
the photon counts were decreased in a time-dependent manner. In the case of soybean, wheat(3,
5 kGy), sesame, and instant seasoning, PSL method can be used for irradiation detection after
12 month storage time, but in the case of carrot, walnut, pepper powder, and wheat(1 kGy),
PSL method cannot be used. In all irradiated samples except walnut and soybean, TL ratio
showed over 0.1. Therefore those can be used for irradiation detection after 12 month by TL.
In the case of pepper powder and instant seasoning, signal derived from cellulose and crystalline
sugar respectively detected in ESR method after 12 month. Therefore, those can be used for
irradiation detection after 12 month by ESR. Walnut, soybean, and sesame can be used for
irradiation detection after 12 month by GC/MS due to detection of 1,7-hexadecadiene and

8-heptadecene.

I. PSL and TL methods were done using E-beam irradiated beef powder, soybean paste powder,

and roasted garlic seasoning according to drying conditions(spray and vacuum drying). In PSL
method, the photon counts were decreased by drying treatment. Especially, in the case of spray
dried beef powder and soybean paste powder, the photon counts showed under 700. In TL
method, all irradiated samples can be used for irradiation detection regardless of drying

conditions.

J. To discriminate the irradiated garlic powder in mixed(0.5~5.0%) products(bul-gogi, SSam-jang),

TL method was used. Before analysis, the mixed products were sterilized by steam(85C). In
both mixed products containing irradiated garlic powder, grow curve was detected in a range of

150~250C. In the case of non-irradiaed garlic powder, glow curve wasn't detected. Though TL
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ratio showed under 0.1 in all samples, mixed products containing irradiated ingredient can be

used for irradiation detection by TL method according to TL glow curve.

Section 5. Development of Detection Methods for imadiated livestock food using

TL and PSL

A. 28 Items including raw ingredients and finished products of baby food, dried whole milk and
formulated milk powder had been studied for possibility of applying methods of
thermoluminescence, TL, and photostimulated luminescence, PSL. As a result, 13 raw
ingredients of dried whole milk and formulated milk powder, and 4 out of 16 baby foods are
suspected to lose mineral during the testing process. Therefore, using TL and PSL testing
methods are not adequate for these tests. However, 12 out of 16 raw ingredients of baby food

and finished products of dried whole milk can be detected with TL, PSL method.

B. Those materials which can be detected with TL and PSL methods (12 ingredients of baby food
and 2 finished products of baby food and dried whole milk) can be analyzed both qualitatively
and quantitatively since radiation level and photon count value are proportional to each other as
photon count value increase in segment of 1, 3, 5, 7kGy. Import/export food are considered to
have long period of logistic time. In order to simulate this in the lab, test samples are stored
in period of 3, 6, 9, 12 months. As a result, there were no significant change in reading, and

radiation can be read even after period of 1 year.

C. Among raw ingredient of individual test of physical testing, 3 groups of test sample have made
in different ratio of mix according to product recipe. These samples were irradiated with
gamma ray and electron beam, and detection limit tests were performed. As a result PSL
analysis were not possible, however, TL test could detect up to 3% of limit detection of

irradiated material among the finished products.
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D. 28 ingredients consisting finished products of sausage and dried meats and processed sausages
and dried meat were tested for possibility of applying TL, and PSL tests. As a result, 9 out of
15 sausage ingredients and 4 out of 12 ingredients of dried meat loses mineral during the
processing process. Therefore, these items are inadequate for TL, PSL test. However, 6 out of
15 ingredients of sausage products, 8 out of 12 of dried meat products can be tested with

Gamma ray and electron beam irradiation.

E. Those processed food which can be detected with TL, PSL methods (2 meat products - sausage
and dried meat and 14 ingredients) can be analyzed both qualitatively and quantitatively, since
radiation level and photon count value are proportional to each other as photon count value
increase in segment of 1, 3, 5, 7kGy. Import/export food are considered to have long period of
logistic time to reach consumer. In order to simulate this in the lab, test samples are stored in
period of 3, 6, 9, 12 months. As a result, there were no significant change in reading, and

radiation can be read even after period of 1 year.

F. Bill of ingredients of the certain sausage products were obtained from project cooperating
companies. Among these ingredients, high ratio ingredient sample was selected (Mixed
Seasoned Food, About 3.5%) and tested with maximum irradiation level of Gamma ray
permitted in Korea (10KGy). The content of testing ingredient was varied in percentage of
0.5%, 1%, 2%, 3.5% and 5%. Also these testing sample products were manufactured in actual
plant to be made identical to the actual product (150g). As a result, TL test can check the
irradiation and value can increase proportion to content of the 1 item of testing ingredients
varied from 5%, 3, 5%, 2%, and 1%. In case of 1% content, sometimes 150g of sample could
not obtain the repetitive results, however in case of 300g sample, repetitive test result could be

obtained.
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Fig 1. The principle of TL (Thermo-Luminescence)

Fig 2. The principle of PSL (Photo-Stimulated-Luminescence)
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Fig 3. The principle of ESR (ESR, Electron Spin Resonance)
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Table 1. Technique applications

Table 2. Technique comparisons
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Q 71 255 HARdEAL oF HAE

3k AETH " E limulus amoebocytes

lysate(LAL), direct epifluorescent filter technique/aerobic plate count(DEFT/APC) -5 ©]
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Table 3. Detection methods for irradiated food groups

Detection methods

Food group

Physical methods
Thermoluminescence

Photostimulated luminescence

Electron spin resonance

Viscosity
Electrical impedance

Near-infrared spectroscopy

Chemical methods

Hydrocarbons

2-Alkylcyclobutanones

o-Tyrosine
Peroxides
Gas

Comet assay

Immunochemistry

Biochemical methods
Germination method
DEFT/APC
LAL

Spices, herbs, seasonings, shrimps, fruits & vegetables,
grains, potatoes, crustaceae, shellfish

Spices, herbs, seasonings, crustaceae, shellfish
Bone-containing foods(poultry, meat, fish, frog legs),
cellulose containing foods (vegetables, nuts,
strawberries), crystalline sugar containing food(dried
mango, dried fig), shellfish, paprika, pepper powder,
egg shell, crustaceae

Pepper, cinnamon, allspice

Potatoes

Spices

Chicken, beef, pork, camembert cheese, fish, avocado,
mango, papaya, egg powder

Chicken, beef, pork, liquid whole egg, camembert
cheese, mango

Chicken, shrimps, shellfish, fish, frog legs, egg white
Pork, chicken, liquor, egg powder

Frozen beef and frozen shrimp

Chicken, pork, fish, seeds, beans, some spices
Chicken, prawns

Citrus, apple, grains
Spices, beef, chicken, pepper, medical herbs
Chicken
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Table 4. General Codex methods for the detection of wradiated foods

- 44 -

Provision Commodity Method Principle Type
Detection of
hr hi lysk
irradiated food %% EN 17841096 8 chomatographic analysks
. containing fat of hydrocarbones
containing fat
Detection of Food Gas chromatographic/
irradiated food . EN 1785:1996  spectrophotometric analysis of  Type II
. containing fat
containing fat 2/alkylcyclobutanones
Detection of Food
irradiated food containing EN 1786:1996  ESR spectroscopy Type [
containing bones  bone
Detection of
L ;
irradiated food — Tood EN 17872000 ESR spectroscopy Type [
containing contalning
cellulose
Detection of
irradiated food lc:(())r(:’iinm
containing food icate & EN 1788:2001 = Thermoluminescence Type [l
silica
containing silicate .
. minerals
minerals
Food
Detection of
taini EN 13751
irradiated food C,O,n aining Photostimulated luminescence  Type 1
.. silicate 2002
containing food .
minerals
Detection of Food
L ; -
irradiated food  containing EN 137082001 ESR spectroscopy Type [
containing crystalline
crystalline sugar sugar
Direct Epifl t Filt
, Herb, Species ~ EN 137832001 oo P uorescent Tt
Detection of Technique/ Acrobic Plate
. and Raw NMKL ) Type T
irradiated food . Count (DEFT/APC)(screening
minced meat  137(2002)
method)
Detection of Food DNA comet assay (screenin:
o containing EN 13784:2001 y & Type
irradiated food method)
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81 A5 * * *
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NO AE TL PSL | ESR | hydrocarbons il -
1 o317 *
2 | =] 31.7] *
3 A7) *
4 A * X X O AT ofE &
5 ZA B X X * O AT ofH &
6 o] -2 * O * O Qg oy &
7 218 *
8 | HTHUSEHEIE) | %k O X O AT ofE &
9 | HEZREID(E) * O X O AFEA AJE =
10 7hE A = *
11 7(}04 i] *
12 S * O X *
13 | <l HLMW X X X *
14 aA~EY X X * AFE7HEA T YAR)
15| ¥544dd9 | X X O AFEIHEA T 9AR)
16 ek X X AFE7HEA T EAR)
17 DHA X X AFE7HEA T YAR)
18 | A2A 25 X X AFE7HEA T YAR)
19 Azt E X X AFEIHEA TR 9AR)
20| so=7H X X AFE7HEA T YAR)
21 A= X X AFE7HEA T YAR)
22 | f3vladle | X X AFEIHEA T 9AR)
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25 ks X X AFE7HEA T YAR)
26 g X X AFE7HEA T EAR)
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ANEHEE X AFEHHFE 9A%)
O&uE X * AFEHHE dAR)
gt X A X ESR #7577 2 74
35 X X A
o A A * ESR #¥7bs7]7k @ 6704
R X A X ESR #7573 0 97
O X X
O X
O A

_60_




M. Z2AA e 71 959 3ol & A}
2o A 51 31 A
NO| A €24 o Wooox
TL PSL | ESR | hydrocarbons
B 5, 10 kGy ZAME 59 10%°]%
o * T Bty
5, 10 kGy A 39 10%°]%
2| A * £ BT
5, 10 kGy A Az 10%°]%
3 A7) * - B
=3 wdvbs
ZA1E Qme A}
A qas N 5 _10 kE}y j A5 10%°]4
A B
. 5, 10 kGy A 39 10%°]4
5 7HE X = * R B
3] HEI S
, 10 kGy ZAE 989 10%°]%
6| AAA= * 0, 10 KGy 24] &l 10%e14
3] 7S
, 10 kGy ZAE 989 10%°]%
7 | el a7 * 0, 10 KGy 24} & 10%e14
=3 Wdvbe
ZhupA | AxpA ZbzE 1, 3, 5, TkGy ZAF
. o] 62 N < . H ARBF) 3% Egste]l Ax3 oA
N E wivts.,
1% €5 A 45 AA7Fs
7oA 10kGy =AM 98 1%l &%
9 2 M)A * - * slo] AA A FAS A AT A
E Wi
PSL : 7zt 1 kGy FARA 0.7-7 %
ol E3A T
7ZHbAd 10 kGy FAFA] 0.3-6%
o|AF &3kA] W=
10| #3rw O @) X 12 =32 Fs )
TL : #vopd 1 kGy AR 4% o) &
Al B
7 10 kGy FRAMA] 3% oA+
35t Bl
11 B O TkGy 1%°]’d S+l 217
10k o] Al Fel
1 o) 2= o lk‘(jy 30%, 10kGy 5%°]% SHrA
7V
1y == A AR 10%0)4 F44 T
S o)z
4] Adne A AR 10%014 FHA ks
15 A¥al A ZARIE 10%°1% Al B7s
16 FalcAly A ZARIE 10%°1% Al B7ts
* - AN LS
O - 30%°]4 EFA EAAY B %
A - B0%ed EYA AR A The
X - 34 &%

_61_




_62_



V. A 89 A5 7taxedE W

_63_

=94 )3} 4] -
NO AR TL | PSL | ESR | hydrocarbons 7hE i -
L =] * ERE
2 A aL7] * o =) 2]
3 2a17) * o A7
4 A& * o A2
5| 7heA= * a4
6 A =) = * o 2] 2]
7 | v aAl A * AA
8 ol+4 * X A o A 2]
9 2 A A * - O o 3] 2]
10 | zrdaee | X X X Bz | TL ZAbo]i wid7bs
11| 2HgF22 | O X X Bz | TL ZAbo]i wid7hs
12| zvjrpevd | x| X | X AFA% | PSL/TL #AF o3 s 71
13 dfHEs | o« | X | X AFAZ | PSL/TL ZAF o5 w8 715
14| vleEe A TH/2 AL L KGy, 1.5% ol &
gt | A TL ZAM 5 shdv)s
* - DTN
O - 30% °lsl JFTE
A - 50% oleh FFee
X - 50% o] 3




M6 & AFIMEIAHUHM et slie2si|sdE

1.

©

11

D’Oca MC, Bartolotta A, Cammilleri C, Giuffrida S, Parlato A, DiStefano V. A
practical and transferable methodology for dose estimation in irradiated spices, based

on thermoluminescence dosimetry. Applied Radiation and Isotopes. 68, 639-642

(2010)

. D’Oca MC, Bartolotta A. The identification of irradiated crustaceans and evaluation of

the dose by thermoluminescence: Intercomparison between two methods for
extracting minerals Food Research International 43, 1255-1259 (2010)
Sanderson DCW, Carmichael LA, Fisk S, Key P, Scott EM, Thompson M.
DEVELOPMENT OF PROFICIENCY TESTING FOR DETECTION OF IRRADIATED
FOOD PROJECT E01068. Scottish universtites environmental research centre. (2010)
Gomez—Ros JM, Delgado A, Furetta C, Scacco A. Effects of simultaneous release of
trapped carriers and pair production on fading in thermo—luminescent materials during

storage in radiation fields. Radiat. Meas. 26, 243—251 (1996)

. Jezierski A, Czechowski F, Jerzykiewicz M, Golonka I, Drozd J, Bylinska E, Chen Y,

Seaward MRD. Quantitative EPR study on free radicals in the natural polyphenols
interacting with metal ions and other environmental pollutants. Spectrochimica Acta.

58(6), 1293—1300 (2002)

. Bortolin E, Boniglia C, Calicchia A, Alberti A, Fuochi P, Onori S. Irradiated herbs and

spices detection: light—induced fading of the photo—stimulated luminescence response.

Int. J. Food Sci. Technol. 42, 330—335 (2007)

. Aitken MJ. Thermoluminescence dating. London: Academic Press (1985)

. Gomez—Ros JM, Delgado A, Furetta C, Scacco A. Effects of simultaneous release of

trapped carriers and pair production on fading in thermo—luminescent materials during
storage in radiation fields. Radiat. Meas. 26, 243—251 (1996)
IAEA(1999), Fact about food irradiation

. EU(2009), Report from the Commission on food irradiation for the year, Official

Journal of the European Union
EU(2007), Report from the Commission on food irradiation for the year 2005, Official

Journal of the European Union

_64_



12.

13.

14.

15.

16.

17.

18.

19.
20.

Jana Sadec kal(2007), Irradiation of Spices —— a Review, Czech J. Food Sci., Vol.
25, No. 5 231-.242

Christopher Barclay(2009), Irradiation of Food, ,Uk house of commons library

Ashfaqg A. Khan "E Hasan M. Khan "E Henry Delincee(2003), “DNA comet assay’ -a
validity assessment for the identification of radiation treatment of meats and seafood,
Eur Food Res Technol., 216:88-2

Eric Marchioni and Henry Delincée(1999), Detection by Thermoluminescence of an
Irradiation Treatment of Five Species of Dehydrated Fruit and Vegetables Report on
a CTCPA/AIFLD International Interlaboratory

Sang—Duk Yi, Man—Jin Oh(2005), Thermoluminescence (TL) of Minerals Separated
from Irradiated Mussel, J Food Sci Nutr., Vol 10, p 17—21

M.C. D'Oca, A. Bartolotta, M.C. Cammilleri, M. Brai, M. Marrale, A. Triolo, A. Parlato
(2004), Qualitative and quantitative thermoluminescence analysis on irradiated oregano
Kazimiera Malec—Czechowska, Wactaw Stachowicz(2003), Detection of irradiated
components in flavour blends composed of non-—irradiated spices, herbs and vegetable
seasonings by thermoluminescence method, NUKLEONIKA, 48(3):127—3132

Food safety authority of ireland(2008), Irradiated Food Survey 2007

Australia New Zearld Food Authority(2002), Irradiation of tropical fruits breadfruit,

carambola, custard apple, litchi, longan, mango, mangosteen, papaya and rambutan.

_65_



A7 # = s

10.

11.

12.

13.

rel

Nam. H.S., Woo. SH, Iee. S.Y. Yang. JS. (2000) Identification of irradiated by ESR
spectroscopy. J. Korean Soc. Food Sci. Nutr,, 29, 425-429.

Yang. J.S. (1997) Methods for identification of irradiated foods. J. Fd Hyg. Safety., 12, 160-174.
Chung. HW., Kwon. J.H. (1998) Detection of irradiation treatment for seasoned-powdered foods
by thermoluminescence measurement. Korean J. F. Sci. Technol.,, 30, 509-516.

Chung. HW., Park. SXK., Han. S.B, Choi. DM., Lee. D.H. (2008) Application of PSL-TL
combined detection method on irradiated composite seasoning products and spices. J. Fd Hyg.

Safety., 23, 206-211.

. Ko. M.S,, Yang. J.B. (2001) Effects of wrap and wacuum packaging on shelf life of chilled pork.

J. Korean Soc. Food Sci. Nutr., 14, 255-262.
Lee. JW., Park. JN., Kim. J.JH, Prak. J.G., Kim. C.J.,, Kim. K.S., Byun. M.W. (2006) Effects of
high dose gamma nradiation on shelf stability and lipid oxidation of marinated and precooked

pork r1ib steak. Korean J. Food Sci. Ani. Resour., 26, 471-477.

. Pinnioja, S., Siitari-Kauppi, M. and Lindberg, A. (1999) Effect of feldspar com- position on

thermoluminescence in minerals separated from food. Radiat. Phys. Chem., 54, 505-516.

Raffi, J., Yordanov, N.D., Chabane, S., Douif, L., Gancheva, V. and Ivanova, S. (2000)
Identification of 1wrradiation treatment of aromatic herbs, spices and fruits by electron
paramagnetic resonance and thermoluminescence. Spectrochim. Acta (A) 56, 409-416.

Schreiber, G.A., Ziegelmann, B., Quitzsch, G., Helle, N., and Bogl, K.W. (1993) Luminescence
techniques to identify the treatment of foods by ionizing irradiation. Food Struct., 12, 385-396,.
Schreiber, G.A., Hoffmann, A., Helle, N., and Bogl, KW. (1994) Methods for routine control of
nradiated food: Determination of the wnradiation status of shellfish by thermoluminescence
analysis. Radiat. Phys. Chem., 43, 533-544

Schreiber, G.A., Helle, N. and Bogl, KW. (1995) An interlaboratory trial on the identification of
irradiated spices, herbs, and spice-herb mixture by thermoluminescence analysis. J. AOAC Int.,
78, 88-93.

Soika, C. and Delincée, H. (2000) Thermoluminescence analysis for detection of irradiated food:
luminescence characteristics of minerals for different types of radiation and radiation doses.
Lebensm. Wiss. u. Technol.,, 33, 431-439.

Basfar, A.A., Rehim, F.A., Al-Kahtani, H.A. and Alnasser, M.A. (2001) Accuracy of the
calibration curve method for absorbed dose assessment in irradiated refrigerated chicken bone. J.

Food Sci., 66, 95-98.

_66_



14.

15.

16.

17.

18.

18.

20.

21.

22.

23.

24.

20.

26.

27.

28.

29.

30.

Raffi, J., Angel, J.P., Buscarlet, L. and Martin, C. (1998) Electron spin resonance identification of
irradiated strawberries. J. Chem. Soc. Faraday Trans. I ., 84, 3359-3362.

Stevenson, M.H. and Gray, R. (1989) The effect of irradiation dose, storage time and temperature
on the ESR signal in irradiated chicken drumsticks. J. Sci. Food Agric., 48, 269-274.

Morehouse, KM. and Ku, Y. (1992) Gas chromatographic and electron spin resonance investigations
of irradiated shrimp. J. Agric. Food Chem., 40, 1963-1971.

Desrosiers, M.F. and Le, F.G. (1993) Estimation of the absorbed dose in radiation- processed
food. 4. EPR measurements on eggshell. J. Agric. Food Chem., 41, 1471-1475.

Stewart, EM. and Stevenson, M.H. (1997) Identification of irradiated Norway lobster (Nephrops
norvegicus) using electron spin resonance (ESR) spectroscopy and estimation of applied dose
using re-irradiation: results of an in-house blind trial. J. Sci. Food Agric., 74, 469-472.

Esteves, U.P., Andrade, M.E. and Empis, J. (1999) Detection of prior irradiation of dried fruits by
electron spin resonance (ESR). Radiat. Phys. Chem., 55, 737-742.

Duliu, O.G. (2000) Electron paramagnetic resonance identification of irradiated cuttlefish(Sepia
officinalis L.). Appl. Radiat. Isot., 52, 1385-1390.

Jesus, EF.0O., Rossi, AM. and Lopes, R.T. (2000) Identification and dose determination using
ESR measurements in the flesh of iwrradiated vegetable products. Appl. Radiat. Isot., 52,
1375-1383.

Ghelawi, ML.A., Moore, ].S., Bisby, RH. and Dodd, N.J.F. (2001) Estimation of absorbed dose in
irradiated dates(Phoenix dactylifera 1..): test of ESR reponse function by a weighted linear
least-squares regression analysis. Radiat. Phys. Chem., 60, 143-147.

Nawar, W.W. (1986) Volatiles from food irradiation. Food Rev. Int., 2, 45-78.

Handel, A.P. and Nawar, W.W. (1981) Radiolysis of saturated phospholipids. Radiat. Res., 86,
437-444,

Cerda, H. (1998) Detection of irradiated fresh chicken, pork and fish using the DNA comet
assay. Lebensm. Wiss. u. Technol., 31, 89-92.

Cerda, H. (1998) Detection of irradiated frozen food with the DNA comet assay: interlaboratory
test. J. Sci. Food Agric., 76, 435-442.

Cerda, H. and Koppen, G. (1998) DNA degradation in chilled fresh chicken studies with the
neutral comet assay. Z. Lebensm. Unters. Forsch.,, A 207, 2-25.

Delincée, H., Villavicencio, A.C.H. and Mancini-Filho, J. (1998) Protein quality of irradiated
Brazilian beans. Radiat. Phys. Chem., 52, 43-47.

Delincée, H. (1998) Detection of irradiated food: DNA fragmentation in grapefruits. Radiat.
Phys. Chem., 52, 135-139.

Jabir, AW., Deeble, D.]., Wheatley, P.A., Smith, C.]., Parsons, B.]., Beaumont, P.C. and Swallow,

_67_



31.

32.

33.

34.

30.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4.

46.

AJ. (1989) DNA modifications as a means of detecting the irradiation of wheat. Radiat. Phys.
Chem., 34, 935-940.

Koppen, G. and Cerda, H. (1997) Identification of low-dose irradiated seeds using the neutral
comet assay. Lebensm. Wiss. u. Technol., 30, 452-457.

Shao, C., Saito, M. and Yu, Z. (1999) Radiation induced DNA strand breaks measured by a
modified method of gel scanning. Radiat. Phys. Chem., 56, 547-551.

Villavicencio, A.C.H., Mancini-Filho, J. and Delincée, H. (1998) Application of different techniques
to identify the effects of mrradiation on Brazilian beans after six months storage. Radiat. Phys.
Chem,, 52, 161-166.

Scotter, S.L., Bearwood, K. and Wood, R. (1994) Limulus amoebocyte lysate test/ gram negative
bacteria count method for the detection of irradiated poultry results of two interlaboratory
studies. J. Sci. Technol. Today, 8, 106-107.

Betts, R.D., Farr, L., Bankers, P. and Stringer, M.F. (1988) The detection of irradiated foods
using the direct epifluorescent filter technique. J. Appl. Bacteriol., 64, 329-335.

Copin, M.P., Jehanno, D. and Bourreois, CM. (1993) Detection of irradiated deep- frozen
foodstuffs by comparison of DEFT and APC counts. J. Appl. Bacteriol., 75, 2564-258.

Champagne, J.R. and Nawar, W.W. (1969) The volatile components of irradiated beef and pork
fats. J. Food Sci., 34, 335-339.

Dubravcic, M.F. and Nawar, W.W. (1969) Effects of high-energy radiation on the lipids of fish.
J. Agric. Food Chem., 17, 639-644.

LeTellier, PR. and Nawar, W.W. (1972) 2-Alkylcyclobutanones from the radiolysis of triglycerides.
Lipids., 7, 75-76.

Kavalam, JR. and Nawar, W.W. (1969) Effects of ionizing radiation on some vegetable fats.
JAOCS.., 54, 387-390.

Desrosiers MF, Mclaughlin WL. Examination of gamma-irradiated fruits and vegetables by
electron spin resonance spectroscopy. Radiat. Phys. Chem. 34(6): 895-898 (1989)

Khan HM, Delinceé H. Detection of radiation treatment of spices and herbs of asian origin using
thermoluminescence of mineral contaminants. Appl. Radiat. Isot. 46(10): 1071-1075 (1995)

Jabir AW, Deeble DJ, Wheatley PA, Smith C]J, Parsons BJ. DNA modifications as a means of
detecting the irradiation of wheat. Radiat. Phys. Chem., 34: 935-940 (1989)

Schreiber GA, Helle N, B6gl KW. Detection of irradiated food—-methods and routine applications.
Int. J. Radiat. Biol.,, 63(1), 105-130 (1993)

Wirtanen G, Sjoberg AM. Microbiological Screening Method for Indication of Irradiation of
Spices and Herbs : A BCR Collaborative Study. J. AOAC International. 76(3) 674-681 (1993)
FAO/WHO CODEX STAN. General Codex Methods for The Detection of Irradiated Foods,

_68_



47.
48.

49.

20.

ol.

o2.

23.

o4

20.

6.

ov.

o8.

29.

60.

61.

62.

63.

64.

CODEX STAN 231-2001, Rev.l (2003)

KFDA : Korea Food Standard Code, 2-1-972-1-10 (2008)

Schreiber GA, Hoffmann A, Helle N, B6gl KW. Methods for routine control of irradiated
food-determination of the irradiation status of shellfish by TL analysis. Radiat. Phys. Chem., 43,
533-544 (1994)

Schreiber GA. Thermo-luminescence and photo-stimulated luminescence techniques to identify
irradiated foods. 121-123. In: Detection Methods for Irradiated Foods. McMurray, Stewart CH,
Gray EM, Pearce J. The Roval Society of Chemistry, Cambridge, UK (1996)

Schreiber GA, Ziegelmann B, Quitzsch G, Helle N, Bégl KW. Luminescence techniques to
identify the treatment of foods by lonizing irradiation. Food Structure, 12: 385 (1993)

Desrosiers MF, Mclaughlin WL. Examination of gamma-irradiated fruits and vegetables by
electron spin resonance spectroscopy. Radiat. Phys. Chem. 34(6): 895-898 (1989)

IAEA. Analytical detection methods for irradiated foods. A review of current literature.
IAEA-TECDOC-587, 172 (1991)
Eric M, Peter H, Bara N, Michel M, Claude H. Detection of low amount of irradiated ingredients
in non-irradiated precooked meals. Radiation Physics and Chemistry 63, 447 -450(2002)

European Committee for Standard. Detection of irradiated food wusing photostimulated
luminescence. English version of DIN EN13751 (2002)

European Committee for Standard. Detection of irradiated food from which silicate minerals can
be isolated, Method by thermo-luminescence. English version of DIN EN1788 (2002)

European Committee for Standard. Detection of iwrradiated food irradiated food containing
cellulose, method by ESR spectroscopy. English version of DIN EN1787 (2002)

European Committee for Standard. Detection of iwrradiated food irradiated food containing
crystalline sugar, method by ESR spectroscopy. English version of DIN EN13708 (2002)

Origin. Origin tutorial manual, version 6.0, Microcal Software, Inc., Northampton, MA. 20-45
(1999)
Excel. Microsoft office 2010., Redmond, Washington, U.S.A (2010)

SAS. SAS Users Guide, SAS Institute Inc. Cary, NC. (1986)

Khan HM, Delinceé H. Detection of nradiation treatment of dates using thermo-luminescence of
mineral contaminants. Radiat. Phys. Chem. 46, 717-720 (1995)

Sanderson D. 1990. Photostimulated luminescence (PSL). A new approach to identifying irradiated
foods. BCR workshop. p 13-15.

Kwon JH, Chung HW, Nyun MW, Kang IJ. Thermoluminescence detection of Korean traditional
foods exposed to gamma and electron-beam irradiation. Radiat. Phys. Chem. 52, 151-156 (1998)
D'Oca MC, Bartolotta A, Cammilleri C, Giuffrida S, Parlato A, DiStefano V. A practical and

_69_



transferable methodology for dose estimation in irradiated spices, based on thermoluminescence
dosimetry. Applied Radiation and Isotopes. 68, 639 -642 (2010)

65. D’Oca MC, Bartolotta A. The identification of irradiated crustaceans and evaluation of the dose
by thermoluminescence: Intercomparison between two methods for extracting minerals Food
Research International 43, 1255 -1259 (2010)

66. Yi SD, Woo SH, Yang JS. The use of pulsed photostimulated luminescence(PPSL) and
thermoluminescence(TL) for the detection of irradiated Perilla and sesame seeds. J. Food Sci.
Nutr. 5, 142-147 (2000)

67. Rhodes CJ, Thuy TT, Harry M. A determination of antioxidant efficiencies using ESR and
computational methods. Spectrochimica Acta 60, 1401-1410 (2004)

68. Morsy MA, Khaled MM. Novel EPR characterization of the anti-oxidant activity of tea leaves.
Spectrochimica Acta A. 58, 1271-1277 (2002)

69. Martin P, Vlasta B, Andrej S. Antioxidant properties of tea investigated by EPR spectroscopy.
Biophysical Chemistry, 106, 39-56 (2003)

70. Jezierski A, Czechowski F, Jerzykiewicz M, Golonka I, Drozd ], Bylinska E, Chen Y, Seaward
MRD. Quantitative EPR study on free radicals in the natural polyphenols interacting with metal
ions and other environmental pollutants. Spectrochimica Acta. 58, 1293-1300 (2002)

71. Standard for Irradition(2007), Food standards code, 1: 2-1-9, Korea Food and Drug
Administration, Seoul

72. The ministry of health of welfare in korea(1997), food standard code, Korea food and drugs
administration. seoul

73. WHO Wholesomeness of Irradition Food report of a joint FAO/IAEA/WHO export
committee(1981), Technical Report Series, Vol. 658, pp 7-34

74. Codex Alimentarius Commission(2008), Codex General Standard for Irradition Food, CODEX
STANI106-1983, REV.1-2003

75. TAEA(2006), Clearance of item by country

76. Z Versuchstierkd(1976), Irradiation of laboratory animal diets. A review, Vol.18-4, ppl91-201

77. J. of Radiat(1998), Genotoxic properties of 2-dodecylcyclobutanone, a compound formed on
irradiation of food containing fat, Phys. Chem, Vol.52, pp39-42

78. Nadine Knolla, Anja Weiseh, Uwe Claussenh, Wolfgang Sendtc(2006), 2-Dodecyl cyclobutanone,
a radiolytic product of palmitic acid,is genotoxic in primary human colon cells and in cells from
preneoplastic lesions, J. of Mutation Research, Vol.594, ppl0-19

79. FAO Homepage, www.fao.org

80. Diehl J. F.(1995), Safety of iradiated foods, pp339-352, Marcel, Dekker, Inc, Newyork

81. European committee for standard(2008), Thermoluminescence detection of irradiated food from

_70_



32.

83.

34.

8.
36.

87.

38.

89.
90.

91.

92.

93.

94.

90.
96.

97.

which silicate minerals can be isolated, European Standard EN 1778, Brussels, Belgium

Deline H(1993), Control of irradiated foods, recent development in analytial method, Radiat. Phys.
Chem, Vol 42, pp351-357

Jeong JY, LEE EY(2001), The detection of mrradiated agricultual commodities by origins with
photostimulated luminescence analysis, Korean J. Postharvest Sci. Technol, Vol. 30, pp 498-501
Kim GR, Lee JW, Kim(2009), Phlsical detection properties of irradited wheat and corn treated
with different radition source, Korean J. Food preserv, Vol.16, pp 211-216

TAEA(1999), Fact about food irradiation

EU(2009), Report from the Commission on food irradiation for the year, Official Journal of the
European Union

EU2007), Report from the Commission on food irradiation for the year 2005, Official Journal of
the European Union

Jana Sadec kal(2007), Irradiation of Spices a Review, Czech J. Food Sci., Vol. 25, No. 5: 231 .242
Christopher Barclay(2009), Irradiation of Food, ,Uk house of commons library

Ashfag A. Khan "E Hasan M. Khan "E Henry Delincee(2003), “DNA comet assay avalidity
assessment for the identification of radiation treatment of meats and seafood, Eur Food Res
Technol., 216:88 -2

Eric Marchioni and Henry Delincée(1999), Detection by Thermoluminescence of an Irradiation
Treatment of TFive Species of Dehydrated Fruit and Vegetables Report on a CTCPA/AIFLD
International Interlaboratory

Sang-Duk Yi, Man-Jin Oh(2005), Thermoluminescence (TL) of Minerals Separated from
Irradiated Mussel, J Food Sci Nutr.,, Vol 10, p 17-21

M.C. D'Oca, A. Bartolotta, M.C. Cammilleri, M. Brai, M. Marrale, A. Triolo, A. Parlato (2004),
Qualitative and quantitative thermoluminescence analysis on irradiated oregano

Kazimiera Malec-Czechowska, Wactaw Stachowicz(2003), Detection of irradiated components in
flavour blends composed of non-irradiated spices, herbs and vegetable seasonings by
thermoluminescence method, NUKLEONIKA, 48(3):127 —3132

Food safety authority of ireland(2008), Irradiated Food Survey 2007

CHRISTOPHER H. SOMMERS(2003), 2-Dodecylcyclobutanone Does Not Induce Mutations in the
Escherichia coli Tryptophan Reverse Mutation Assay, J. Agric. Food Chem., Vol. 51, p.
6367-6370

Australia New Zearld Food Authority(2002), Irradiation of tropical fruits breadfruit, carambola,

custard apple, litchi, longan, mango, mangosteen, papaya and rambutan.

_71_



A 1 AF

g8t AAge] oa FAAE A 24 B

e

Radiation examination and discrimination technology development of
livestock products by chemical detecting method



T
"

[l

AR

A

A" Al e Bl

)

A o #

PN
=

AR ZAE Y]

=0

T
o

—

SES

1

_SH

N

Mz A

94

2011

B

Tor

)

Nd
Ho
@

B
&
N

B4

3

B4

B4

B4



Al

o}
Hin

—_

K
o
s

o
ey

G
B

0

Hn
<
Ho

o}

Adaert a4

3 A

g 9

sy

g9 e

B8] wAlaele] 7}

ok,

S

Al Thde] A

9 3

KeN
=

Nlo

B

Hin
Ho

R
Nk
+
o
oF
o
do
"
o
G
"
o7

G
ol

‘or
o
o)
Hin

0
ey

B

52

o

gl

]

[e]

3}
ol

KeN
=

3

Ag S

wl
=

hydrocarhon F+¢ 2-alkylcyclobutanone +¢] ¥ 3}

I

—
o

o
i
o

gyl
)
—_
<



V. 977943

t}. Pentadecane(Ciso). heptadecane(Cizo)s Saturated hydrocarbonoll A= £ v 2] <2 ¢ o A
AE=E F Jo 2% palmitic acidol A 3 H 1-tetradecene(Cis1)3 oleic acidol A &
1,7-hexadecadiene(Cis2), 1-heptadecene(Ciz1)& A AL dH e marker= 2 §3)

At

t}. Z} hydrocarbon#& GC/MS=Z #4393 &3=d LOD, LOQTE 1-tetradecene(Cia)
0.003, 0.032 ug/kgs YEFH O™ 1 7-hexadecadiene(Cisz)¥ 1-heptadecene(Ciz1) °l A1 0.001,
0.017 ug/kgo 2 2 AEHAS AHFAZ nlzF £40] 753 ®3F hydrocarbon 2]
standard® 0.1710 pe/kgsm® AEAS AAdste] A AASF 0990189 w2 Adde W
At

ehow, AT, 23], e, AdAE, b Az, vy AX A oA = hydrocarbon 7t



vh AR E A, ZARAS, o2, HZEES ¥ on=ZiEd
1,7-hexadecadiene(Cis2) ¥ 8-heptadecene(Cizi)o] Aol whe} &ara 4l Fgoz A=A
oS, 2EAE] A 2 2 T AAe] £¥=3 hydrocarbon®] spectrumeo] A
SIM modedl ¢]3F F-2jo] ofH o] ko] LAVF doenz Eeld HAWH og E4o] F
e Aoz AnHAT
v}, SPE cartridge ¢} LC columndl] 93t hydrocarbon¥ 48 2859 Z2-¢ g =Y
w2 HEFghe] Aol FRlH A gkrow EEHAES AL §7F AlEe 34 SPE
cartridgeE ©| &3 o] A7l oA oo FA<)S E2EA S base linedt FAFSHA]
% SPE cartridge AA19] 2.4 EZo] A& SIM modeo| 23k 7]7]#4o] HQd Aoz
s ATk
Abo AR B AR 2AbE A BelA A <= hydrocarbonitE Wl 4% At bl
I AR Ao el wE fAFe AEE Boow, vk 2 AR Z2ARA e A

2) w2 SPE cartridge ¢ LC column®l €)%+ hydrocarbon 42
= AT GRS WA &

2. 2} 7z} y 9 10kGy= AR A A %5E
3oy 71ES 39S W AAE hydrocarbons & & 4 AT
V. 47 A3 2 A3EE Ag
1. =% 4%
; A A8
=T gt 3| o =S Sy &7
6 13

SCI H] SCI
7 —




il 14 as] i
8| ey - ek
T e
Effects of gamma—irradiation on compositional changes 2011 Radiat. Phy. Chem.
in food packaging materials [In press]
Analysis of radiation—induced hydrocarbons in shrimp 2011 Radiat. Phy. Chem.
powder [In press]
Comparison of radiation—induced hydrocarbons b
P . y . . Y Radiat. Phy. Chem.
gamma ray and electron beam irradiation in ground 2011
beef [In press]
ee
SCI 6 . . ; .
Effect of electron—beam irradiation on the volatile 2011 Radiat. Phy. Chem.
organic compounds of ‘Fuji’ appleduringstorage [In press]
Comparing Radiation—induced hydrocarbons by Gamma— 2011 Bl Al 32 31 61 3]
and E—beam Irradiation in Vienna Sausage. [In press]
Comparing Radiation—induced hydrocarbons . by b 2] 3 1.5} 5]
Composition of the fatty Acids in E—beam Irradiated 2011 I |
i ) ) n press
Sliced Octopus and Dried Squid
- _ . .. latil
] 1 Effect of | ele?tron. beam irradiadion on volatile 2010 AL AL 81 3] 4
SCI compounds in dried ginger

1) 2009 MANEANE A%o} 2P FALE (RAAE B2 Heraiel AR <) 2009, 9,
2) WA EALAE SHAAGY WS, (RANE FANGU-5IH BAYRLS FA, 2009, 12,
3) AR A}

4) WAL AR SIAEWY (3R AA e o h AR AR SR SAAIE W

- gav FER 4 AE 9 wAEe] A wE =24 (PSL, TL, ESR), 294
)



23/8tA )l wE dEvk] ZYEE

B

7

i/

SEE SR

o] A% T wEvtALA

- AR A

K

ey
o

ol
o

=
[}

714 9] inter-laboratory 7

- ATATe) Fe) saA AAZA BREA

o
o
o
0

)

nhero 2

i
ﬂl
)

o}
Hin



SUMMARY

| . Project Title

Development of Detection Methods for Irradiated Agricultural Products

II. Objectives and Importance of the Project

The purpose of this study is to identify the applicability of the investigation-related
confirmation test method of imports and exports agricultural food of "the confirmation test
method of the investigation food" implemented in connection with the irradiation of the
food by Food and Drug Administration.

Also, it is to suggest a discrimination method of radiation or not in the raw material of
the agricultural food or processed food. The radiation examination of food has done for 56
country 230 item. Thus, the detection administration is thoroughly required for the
competitive power guarantee of the industry in connection with the home country protection
and the practicalization promotion of the related technology. Furthermore, the system
development for the safety assurance of the irradiated food and quality assurance are urgent
for the improvement of quality competitiveness about the export-import product while the

international trade increases.

lIl. Contents and Scope of the Project

Section 1. Radiation examination and discrimination technology development of

livestock products by chemical detecting method

The item of 14 kinds of food containing fat was selected for the legal application of the
confirmation test method of the irradiated food among imports and exports agricultural food,

and the radiation or not was determined by the chemical method. Also, the change and

_7_



generation of hydrocarbons and 2-alkylcyclobutane of the lipidtemns was identified during
the storage period, and the characteristic of the change and investigation absorbed dose was
predicted in the radiation of the agricultural food. Thus, the radiation discrimination
acceptance and rejection was confirmed and tried to the field applicability to be enhanced

through the interlaboratory with the industry.

1. Development of rapid judgement technique, absorbed dose assessment and investigation
processed or not of imports and exports livestock processed raw material and processing

products

2. Discrimination marker setting of agricultural food raw material and processing products

for radiation processing or not by chemical detecting method

3. Identification of discrimination marker characteristic (change) of livestock processed raw

material during storage period

4. Establishment of discriminant technique of agricultural products raw material by irradiation

dose and processing products during the storage period

IV. Results of the Project and their Applications

Section 1. Development of livestock products imadiation judgement technique by

chemical detecting method

1. It emitted electron beam for the irradiation or not discrimination of imports and exports
livestock products in the sample with the gamma-ray and the unload discrimination

characteristic was confirmed.

2. The chicken, pork, beef, dry whole milk, modified milk powder, baby food, cooking oil,
beef powder S (beef jerky), beef powder D (ham), natural cheese, process cheese, and
fat of the vienna sausage were extracted and it separated to SPE catridge and the

separated hydrocarbons were analyze by GC/MS.



. In the saturated hydrocarbon including the pentadecane, heptadecane, and etc, since it
could be detected from the polution of the solvent, it was 1-tetradecene and derived
from the palmitic acid 17-hexadecadiene, derived from the oleic acid 1-heptadecene

suitable for the irradiation or not discrimination for the marker.

In the chicken, pork, beef, cooking oil, natural cheese, process cheese, and vienna
sausage, it was confirmed and that hydrocarbons increased due to the significance the

radiation and electron beam inspection discrimination yes or no was possible.

. 17-hexadecadiene and 8-heptadecene was confirmed as the irregular aspect in the sample
which is irradiated in the dry whole milk, modified milk powder, baby food, and beef

powder S and beef powder D according to the dose.

. That is, in case of being the powder product, it was considered that analysis by the
physical detecting method was needed since the spectrum of the mixture of the
powdered milk and beef powder itself and hydrocarbon overlapped and the analysis by

the sim mode was difficult and the problem was in the positive quantity.

. As to the hydrocarbons analysis by SPE cartridge and LC column, in the case of the
cooking oil, the difference of the value of fixed quantity according to the separation
method was not confirmed and was determined that method using SPE cartridge for the
meat product excluding the powder product confirmed the effectiveness for the hour and
solvent saving but the contaminant of SPE cartridge itself including the base line and
antioxidant, and etc. was detected and the Instrumental analysis by SIM mode was

needed.

. The detection value which is similar that it gathers in the absorbed dose of the result of
comparing and analyze the hydrocarbons generated in the gamma-ray and test piece
which electron beam 1is examined gamma-ray and electron beam inspection was
displayed. And it emitted electron beam the gamma-ray and difference could not be

discovered.



9. When the hydrocarbon type analysis by SPE it follows in the storage periods (3,6,12
months)s cartridge and which LC column was detected as the same tendency irrelative
of the storage period and the hydrocarbons were confirmed not to be influenced by the

storage period.
10. When mixing 10% in the food containing fat which the ratio is the food

containing fat irradiated as 5kGy and 10kGy irradiated and processing, the generated
hydrocarbon could be detected.

_10_
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= A o] & F AR E FAAER e A7 AFFE e, 1961 ol = TAEA,
FAO, WHO7} 502 AR A4 B7HE 913 o8 Hx= /M3t WA 24}
213 FE A7 Y3 (Joint Expert Committee on the Wholesomeness of Irradiated Foods)
& AAst7I= shvh(l). 1980t HARA ZARA SR Qb o] 1A Hof WAL ZARA S F
SAEIY DS (JECFDE “E 7 10 kGy ©|3tE ZAlY RE 2Fo =435tz oz orH s

HU

K

QFstA mAETAORTE A/t ¥z v’y MRt TH(2). JECFIE 1990 o] 3=
%10 kGy ol/e]l A AR FAA R WA ZAbel gk A AHAAE dEdYE
w3k Ao R xAbd AFAATE dFTH o HAstthaL St

o]
(4,5). o]l Z#}E Ed& Codex AFAAS]E WAL AR E 81 A ded Big

A 567 =l FNE, =5, AT, 7 2Pl site 5 oy AEEe] WA AL

S7FE AL Asre) Ao stms AR A B e AEekal 3lew(Table 1), F-24
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2-alkylcyclobutanone #(24)& GC % GC/MSZE ¥4%+= Hwo] 9lon, DNA comet
assay(25-33)3= WALA ZAlel 23 DNA <=4 de9l 7let A (stranded breaks)s 27 3}
= WHoR DNA 7Me 3o o] weas JARFY +anode) WFOR HEl= DNA
fragment2] Zol|7} ZAojx| A i, T AEAFe] dHEL HE H#E o comet BHFS wH,

“L comet®] Zo], W] JrhA¢l DNA A= T T2 WA AR5 A w3}

AEeA Wi o|:=  limulus amoebocytes lysate(LAL)(34), direct epifluorescent filter
technique/aerobic plate count(DEFT/APC)(35,36) So] A& HIALA %A} ol B AXE 935}

of &g & = WHoer F5a

of FollAx: AW T BE AFo AE8T F A= 33 HAH e hydrocarbon
2 AZHJAHE7-40). Nawar 5ol 93] ¥&x =uto
WAL 24 ol 3t Zol 2)5Fol Frdo] e A2 oA o WAl o) A HEA}
Ul gaAbele] Adte] Fojat FAlol AEAtst T3 2 Avld g 22 vEEE REsko] o
] F5 9 radiolytic productE® #3 AT =Y, triglycerider WARA ZALo| )8 COs,
CO, Hs, alkane¥t, alkenet, alkyne+r, estersr, aldehyder, acidir, 2-alkylcyclobutanone &
of AWM, A Rl BAHES HF-E9 A5 71HASQ] Aabe] x4 7] Qlsk=
HA Ak AE T3 AEs YA Z2ANE S W triglyceride® a 91X A do| &9
AW acidi7F, b A9 AFe] FoixW aldehydei 7 ¢ X2 d X Aol oA H
alkane¥, alkene® % alkynei7F e 919 ZA3to]l #oJAWH esterF7F A A HFig. 1).
WALA L2 2] 3hera] AW o] o] 85 3= radiolytic 33HE¢l hydrocarbon ¢ A
AR vS-3 Zvl. Palmitic acid, stearic acid, oleic acid, linoleic acid 5¢] & 7}x] x4+
b 248 UEbs AWE e A Fel WAL ZAAIH-S ) triglyceridet] carbonyl group2)
agta(c SRk Bara(d 91A) AANA Aol FojA e A B gk 1] 4
< Cn hydrocarbon i+, B42F7F 271 Ao mAl 3 WA &AX ] 2L olF4dT

© Cuo hydrocarbon 7} AL old Aukak &3 d€el| 23}o] palmitic acid=5F-H

pay
©,

o= <

»

o

71

pentadecane(Cis0)3  1-tetradecene(Ciq1),  stearic  acidZ%5-H  heptadecane  (Ci70) 3}
1-hexadecene(Cig1), oleic acid=F-E 8-heptadecene(Ciz:1)3} 1,7-hexadecadiene (Ciso), linoleic

acid= - 6,9-heptadecadiene(Ci72) 3 1,7,10-hexadecatriene (Cig3)©] A A}
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Table 1. Food class and objective of irradiation

Food Class Objective
Bulbs, roots and tubers Control moulds
Cereals and their milled products Control of parasites
Dried food of animal origin Control spurouting
Dry vegetables and spices Delay ripening/physiological growth
Fish and seafood Disinfestation
Fresh fruits and vegetables Microbial control
Miscellaneous foods Microbial load
Raw poultry and meat Phytosanitary

Quarantine control

Quarantine treatment

Reduction of pathogenic microorganisms
Shelf-life extension

Sprout inhibition

Sterile meals for hospital patients
Sterilization

Trichina/parasite control
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Table 2. Detection methods for irradiated food groups

Detection methods

Food group

Physical methods

Thermoluminescence

Photostimulated luminescence

Electron spin resonance

Viscosity
Electrical impedance

Near-infrared spectroscopy

Chemical methods

Hydrocarbons

2-Alkylcyclobutanones

0—Tyrosine

Peroxides
Gas
Comet assay

Immunochemistry

Biochemical methods
Germination method
DEFT/APC
LAL

Spices, herbs, seasonings, shrimps, fruits &

vegetables, grains, potatoes, crustaceae, shellfish

Spices, herbs, seasonings, crustaceae, shellfish

Bone-containing foods(poultry, meat, fish, frog legs),
cellulose containing foods (vegetables, nuts,
strawberries), crystalline sugar containing food(dried
mango, dried fig), shellfish, paprika, pepper powder,

egg shell, crustaceae

Pepper, cinnamon, allspice
Potatoes

Spices

Chicken, beef, pork, camembert cheese, fish, avocado,
mango, papaya, egg powder

Chicken, beef, pork, liquid whole egg, camembert

cheese, mango
Chicken, shrimps, shellfish, fish, frog legs, egg white

Pork, chicken, liquor, egg powder
Frozen beef and frozen shrimp
Chicken, pork, fish, seeds, beans, some spices

Chicken, prawns

Citrus, apple, grains
Spices, beef, chicken, pepper, medical herbs

Chicken
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hydrocarboni+¢] ¥+ A< 1-tetradecene(Cis1), pentadecane(Ciso), 1-hexadecene(Cis1),
1,7-hexadecadiene(Cis2), heptadecane(Cizo), 8-heptadecene(Ciz1)2 ¥ = SigmarlZHFEH T3}
Art x| HFZ 2 chromatographyoll AF&3F n-hexane % 7] &7 3= Fisher Scientific(USA)el
/] HPLC grade® T943}e] o]& t}A] Wire spiral packed double distilling %3] (Normschliff,
Geratebau, Germany)®2 A5 A& AHE3F% T Solid phase extraction(SPE) ®ijo] Q.

3l solid phase cartridget florisilZ &2He Watersoll A 10 g/35 mLE T 3te] AF&3A 0}

9. 2477

iV

oA AR

o

TE F7]8vlE= Wire spiral packed double distilling 3] (Normschliff,
Geratebau, Germany)ell Al F73tH 3L, A5 dAAHeE 98] Ultra turrax(IKA Labortechnik,
Germany)Z AF&3192. ™, rotary vacuum evaporator (Biichi, Switzerland)E o] &3}o] &wj
£ AAzAT

At 2483

=

gy XuEFLEe] A 2 A B8 9389 Shimadzu GC/MS

o
fL
ofr
o
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QP-5000(Shimadzu, Japan)¥} Finnigan GC/MS(Polaris @ with Trace GC, Finnigan, USA)E
o] &3} AT}

2. YA AL A9 AR EELE 4

2 Age AbEs AR "], s X AR, Hav)e B SAE Al A AA S, *
AT, o2, &3 287 5& AlFel feEE AES FYstden FAvbEES vy
SAIA] AAA =, TFPE A A, M EZFUS(HE), M ZEED(R)ES AdEste] s A A
DCo AN AL o] gLl AZIY 25 kGy N#e® Zbz 1, 3,5, 7 183 10 kGyd] F FF
s S A Ao, Sadde] 2= £0.02 kGyol )k ol & vz} gix

AESE G -18CE WE Agste] A@ol Agatat

dogARA AL AR ARFE

B A8 Al AlgE AFSFE n-hexane £ E o] &3l Soxhlet R o= XH-& F
, AR EF, 2AEFE Mojonnier# 0.2 X Hk-S- FE31A 0. FE 8o 71 =24
227} ARE rotary vacuum evaporator® 7] & W & A A St AATIAE AFRSle] WE

71 80E HUAZ A Agwe Astel YE Ao,

lj

o WALA xA o] 9F AR AW BIAEe B

Florisil cartridge®] n-hexane 20 mLE 3 mL/min %% conditioningdt % internal
standard n-eicosane 4 ppm %2 1 mLe F=3F Xul 1 g =3EHe FU3AY. &7
41+ n-hexane 30 mL= #2]3F & evaporatoroll 4] 2 mL7MA| &w|& A A3laL N, gas 7|7

A 05 mL7tA =3 T GC/MS 7719 EAAE=E ARSIt LC column

Chromatographyol] ¢]3F #4428 B33l A7l florisil 25 g8 270 x 20 mm chromatography
columnel|l =ZAA7]3, A5 HF3 n-hexaned 3 mL/min®] % 2% conditioning 3+ %, F&3F

2 W 05 goll A#EAS 93 internal standardZA 1 mL eicosane(4pg/mL n-hexane)S 3

7}ake] florisil columnel 7}ék % 60 mL n-hexanes &&= 3}¢] hydrocarbon #& ¥
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kAt o] &8 &vlE rotary vacuum evaporator® ©]-§3o] 2 mL7MA FHE3 F vl 05

ML A2 Eete] GOMSE ol &3ke] s,

EEE A5 AFgAdAe 94 B HEE TR Qs Amg $U@
Yoz A F 43

vl MIALA FAlo] o]s] A A ¥ hydrocarbon W ¥4

8% hydrocarbon & GC/MS E47|7|E ALE3H o AJEe] o3+ electron

impact ionization(EI) W o2 3ttt GC/MS #4371 ionization voltageE 70 eVZ 3}

% 3L ion source temperature®} injector <% ZF 250C = 39 2™, carrier gas™ helium=
AHeEtgon, 48 1.0 mL/mine 2 39tk ek 248 Bz WY (m/z)E 40-3500.%

AA 3G, Capillary columne- DB-5(30 m x 0.32 mm 1d., 0.25 pm film thickness, J&W
Scientific, USA)E o] &3} t}. &% program< 60TCelA 170C7F#] 25C/min %%, 205T
A 2C/min 22 52A17]3L, YAl 270C7HA] 10C/min 52 52 % . Hydrocarhon
F R4S AdlAE A1E 1 ulE FY3kal split ratiors 1:202.2 313t}

Hydrocarhoni++= total ionization chromatogram(TIC)e| ##¥ 2 peakd¥y} HF=2
1-tetradecene(C1), pentadecane(Cisy), 1-hexadecene(Cis1), 1,7-hexadecadiene(C ),
heptadecane (Ci70), 8heptadecene(Ci7:1)2] retention time % mass spectrum-S W] sle] 2l

39 29 internal standardE ©]-&3}°] hydrocarboni+2] A S A=Essivt.

uh BAAS FO) A BA

£4 % hydrocarbon A|Zol Hobgl= AMe &As7] fgke] A4 methyl ester EE=

He] TdS GC/MSE X393 TFE52A Y A H 9 retention time= V| dle] z}zheo] X
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A3 A g 2 A

aAFZ W (solid phase extraction, SPE)& 1.4 &2 Ao A EE EHAA EA IS &

FA70 & aze 718z gelske] Felshs WWMoR 129 florisi  colunn

obd D AR 2= g Al g2l Agskolch.

w48 7ol HeE FEE&vY AHES kel dubgom AFolA e o s
n-hexane 2 & AEste] w5 - st o A AFw3 &9 chromatogram W]
gto]l el AtHFigure 2) 4 23, 25 om 748 AFAA 7HE B 29 peakE <
shlar AswE &7t 7HE RS aE . 29 E Peak T Y55 AAA XA
o 93] A/d%+= hydrocarbon T2 2918 & A& =% sAHHo &uj7t AXLeA &

Af AT 93] hydrocarbon 79 A F] 227 A4 & ¥ Ao Aoy

B8 AR dAHAFTEL HEEHEN(B-heptadecene)s 23 solid phase florisil
< n-hexanes £ {2 o] GAEZ £33 FHFE&s AT

Fraction 12 15 ml, fraction 2~47}A&= 15 mLA ZS7FA#H oW wx]2 Fraction 5%

iRy
&
‘1

cartridge®l

n-hexane 40 mLZ ¥ 33} 213t} Fraction 291 n-hexane 0~30 mLolA] & o]

|2 H AL L o] fractionl A= AEHA Fot hydrocarbon 7+& 4317 93 AA &

ke 30 mL 98 &9 = JAvH(Table 3, Figure 3). 3k A-53td 7| A2 AFE3l= 4

Ml SPE auto system¥ YwkAl HaHA AR5 SPE mannual® 3|¢& #-S vawst
s}

A3k g 85 ol AR oxk We e

EEEd SEEAL FAN F Y9 $v) FEF 30 mLE Agekel GOMS A4S
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o
e
o

28 34eS v w3 vH(Table 4). SPE cartridgeo] 0.1 g, 05 g 2 1 g9 A4S A&
W g2FEded 2T 99, 05 gt 1 g A2 ddgle] nlsgt L} e}
Aol 7hestsl o 01 go AE ARRSISE wols ddor v A AR
A peak 2 SPE cartridge AA9] 9. w]¥-o] hydrocarbon 7+ #2j¢] w-¢ oy Y} &

T A, AR 54 AAEHE AWES Az dEARE Al g o ® 05 g3t 1 g AbolelA

2 hydrocarbon @o] A& 4 UFS FAL 5 dSAvh £, S A A4

ot
o

g o
Fﬂ.l@i

el

r
o

’

ol 7hedA e 7Y F4o] v = floernz GCOMS 772 &4 & = A=

Al ol el ke e A S dEEofsty] o w Ayl

Figure 2. GC/MS total ion chromatograms of n-hexane <1. Can; General, 2. Fisher;
99.4%, 3. Purified by double distilling apparatus>.

Table 3. Test of recovery of 8-heptadecene by SPE

Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction D Total

SPE Mannual 04.6% 90.0% - - - 98.5+3.21%

Values are means of triplicate experiments (n = 3).
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Table 4. Recovery test of SPE on a solid phase florisil cartridge using fat spiked

hydrocarbon standard mixtures 10 ppm

Fat(g) Ci50/1S.Y Cra1/1.S. Cizo/1.S. Cie1/1.S. Cir1/1.S. Cis2/1.S.
01 8.184 0.243 9.065 8.923 9.332 8.747

' +0.278” +0.314 +(.359 +0.365 +£0.329 +0.464
05 9.053 9.353 9.416 9.142 9.423 9.339

' +0.389 £0.271 +0.367 +£0.338 +0.367 £0.215

1 9618 9.996 9.125 9.027 9.271 9.199
+£0.433 £0.210 +0.438 +0.307 +0.352 +£0.294

Un-Eicosane
“Mean+SD (n = 3).
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HARZ HolslE AW FHlsy] Skl AFE AT Hydrocarbon 79 £4 &
& methylesterstste] A3 A3t 3|48 AF Al AFEH AW 8-heptadecene fraction 2 7+

A FdERNew 2 o] F fractionol A= AFEHA fdrh AW EE fractionol A &5

M

A ¢ko} hydrocarbon F& &4 3 uf X|ulo] &3k Aol &4 ¢SS &2 T F JAr
(Figure 4). o9} o] AR ZAlol] s AHE A =

9] <¢k8 30 mL(fraction 2)7} A@3 Ao 2 AlgEgow, xH EairEe] iy A ayg=
&

o
M
:C?L_',
2
o
1o
M
i)
i
ie)
o
ofo

2
T

ATt

iy

A FA AEHA @t 2 Al 7P o] He A Y4 24E T
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Figure 3. GC/MS total ion chromatograms of recovery test of 8-heptadecene by
SPE <1. Hydrocarbon STD, 2. Fraction 1, 3. Fraction 2, 3. Fraction 3, 4.
Fraction 4, 5. Fraction 5>.
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Figure 4. GC/MS total ion chromatograms of fatty acids in eluate by SPE <1. Fatty

acid STD, 2. Fraction 1, 3. Fraction 2, 3. Fraction 3, 4. Fraction 4, 5.
Fraction 5>.

o
>
el
rx
BN
>
el
=
do
ki
i
N
o
iz
:CI)L_Il
>

el AFRAE 9te] EFEEZ 1-Tetradecene(Cis),
Pentadecane ~ (Ciso),  1-Hexadecene(Cis1),  1,7-Hexadecadiene(Cis2),  Heptadecane(Cizo),
8-Heptadecene (Ci71)& 0.1, 05, 1, 2, 5 2831 10 pg/gs 7t 7} solid phase florisil cartridgeol]
ImL& n-hexane 30 mLZ &3 ¥ evaporatorol A 2 mL7b#A & & A A33 N, gas 715
stell Al 05 mL7HA FF3tel GO/MS 245t A=kl Adstaa 44 xEEde AN

A4 Table 5% figure 50 YR LT
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Figure 5. Mass spectra and standard curve of authentic hydrocarbons
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Table 5. Parameters of regression analysis of hydrocarbons standard by SPE on a

solid phase florisil

Hydrocarbons Linear regression equation r?
Cra y” =39080x” + 20105 0.99
Ciso vy = 50030x + 9394.1 0.99
Cisa vy = 37238x + 39214 0.99
Cis2 y = 44328x + 19658 0.99
Cizo vy = 36314x + 36939 0.99
Cia y = 41254x + 35174 0.99

1>Regression coefficient
? Area ratio of hydrocarbons
“Concentration of hydrocarbons (1g/g fat)

=

5. A& 2 AFEA

X

=

e 2 AR 2l o8] fEE AYEAES BAY) slste] dui EEEA9

A

Low limit of detection(LOD)%} Low limit of quantitation(LOQ)¥ Table 69} #-t}.

Table 6. LOD and LOQ of hydrocarbon standard mixture

Compounds S/N ratio” LOD (ug/kg) LOQ (ug/kg)
1-Tetradecene (Cis1) 3.0 0.01 0.10
Pentadecane (Ciso) 3.0 0.01 0.10
1-Hexadecene (Cis1) 3.0 0.05 0.5
1,7-Hexadecadiene (Cig2) 3.0 0.02 0.2
Heptadecane (Ci7) 3.0 0.01 0.1
8-Heptadecene (Ci7:1) 3.0 0.01 0.1

Y S/N Ratio: signal to noise ratio.
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—

able 73} #Zt}.

Table 7. A1 59 =X 3F

A2 A (%)
1 55 10.12
2 ) A] 26.23
3 e 11.58
4 AAE A 23.93
5) Z At 4.05
6 o]+ 107
7 I Rl 9.8
8 vk &A1 22.8
9 53 231
10 ZRES(HF) 1.90
11 H| Z2EED(3) 171
12 R 23.1
13 A A = 247

2. SPE W] 2] hydrocarbon

2 oleic

B A

acid=Z5-¥

=1

s

1-tetradecene(Ci41),

sheko o 1012, A, 26.23, A& 1158%0) Q3 AR EE ARG, o]F2e
93, 4.05, 1.07%= FAHAoH TITAEFE 99.8%Z YERHAY. Algd x4 &

1, 3, 5, 7 2 10 kGy7tA e ZApAM=ro =z Zupd 2 dAAA ZAAA 29
hydrocarbon & SPE WHo=z #A3AtHFig. 6). WA ZA}e| 23] palmitic acid,

pentadecane(Cisy),

1-hexadecene(Cis1), heptadecane (Ciro), 1,7-hexadecadiene(Cis2)3 8-heptadecene(Ci71)e] #
E4E 7Yste] 9 E4xde e GC/MSE 48 vHTable 8, Fig. 7).

MX
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Sample

Irradiation

- Gamma and Ebeem irradiation at a dose of 0-10 kGy

Fat Extraction

Isolation

- Application of 1 g fat in 1 mL LS. {n-eicosane 4 pg/mL
n-hexane) to SPE cartridge
- Elution of n-hexane

Concentration

- Concertration to 05 . by rotary vacuum evaporator and Nz gas

GC/MS

- DB-5 (30 mx0.32 mmy, 0.25m)

Figure 6. Analysis of radiation—induced hydrocarbons.
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Table 8. Radiolytic products of irradiated lipid

Fatty acids Cn1 hydrocarbons Cn2 hydrocarbons
Palmitic acid Pentadecane (Ciso) 1-Tetradecene (Ci41)
Stearic acid Heptadecane (Cizo) 1-Hexadecene (Cis1)
Oleic acid 8-Heptadecene (Ci7:1) 1,7-Hexadecadiene (Cis:2)
Linoleic acid 6,9-Heptadecadiene (Ci72) 1,7 10-Hexadecatriene(Cis:3)
Linolenic acid 3,6,9-Heptadecatriene(C17:3) 1,7,10,13-Hexadecatetraene(Cis.4)

Tc*1.0

C16:2 C16:1

C1%0
75 C14:1

0 i

Table 9. FHA7tg 950 dd Pdvld F54%F 2 hydrocarbon 4

1,7-hexadecadi (Ci6:2), 8-heptad . (Crz1)

A5 w7 (Hydrocarbon) exadecadiene (Cig2 eptadecene, (Ciz1
1-tetradecene (Cia1)

ZA s AE (kGy) 0,1, 3 5 7 10 kGy
g, @A, &, olFA, AAER, 2ALF, A&, v

Al g3 Z2AA, S A ZEAS(SF), A ZEID(H), AR =,
7HE A =

3. 7alA ZALE A ZoA AAE hydrocarbon #F A #HE-A
7 Fepbd Z2AbE Harz]el| A A ¥ hydrocarbon
AekA A E 9 a17]9] hydrocarboni™ 2 #8], #4819 vlZ2AF AR 2 7 kGy ZAFE A

#9 chromatograme Figure 89, Z¥]al XA A k] wE Akt #H3lE Table 103

_35_



Figure 9ol b It

WA Z2AE $317]9 hydrocarbon  F%1 1-tetradecene(Ciz1), pentadecane(Ciso),
1-hexadecene(Cig1), heptadecane(Cizo), 1,7-hexadecadiene(Cis2), 8-heptadecene(Ciz1)E 1 KkGy
ol e Agom FAlE AEeA AEHASH, BIEAL AR E HEHA FUT w7
2] # Q2 hydrocarbon % oleic aciddl A %% 1,7-hexadecadiene(Cis2) 8-heptadecene(Ciz:1)
o]lom E3F| 17-hexadecadiene(Ciso)i= 8S-heptadecene(Ciz)H.tF =4 #HEHo] Cpo
hydrocarbon F¢ =2 %S &2l3}t}t. Stearic acidZ5F¥ %% heptadecane(Ci7)2
1-hexadecene(Cis) BT Aildoz2 w2 &8 YERUA o™ palmitic acidZ2F-H FE49
pentadecane(Cis0) %= 1-tetradecene(Ciy) X0 ©] =4 HE% o] C,1 hydrocarbon 2 =& A
AES g2l 39t Linoleic acid = 5-¢ | 6,9-Heptadecadiene(Ci7:2) &+
1,7,10-Hexadecatriene(Cigz) A HAE B4 oAl e defo =z gQlu o] w4 X313t 7
upil ZAbE Harr]o A A E hydrocarbon 9] $HaFe ZAMA RO whe} FbsEY o &3
oleic acidol 4] %% 1,7-hexadecadiene (Cis2), 8-heptadecene (Ciz1)o] EE Al &olA 713
Fol FRluo] WAM A F-E Add F e AAVAR E87tsd HoR AR X
bR i A ] regression AF ()= 090 o] oZ ZAMA @Y e ARAS JeERATh

(Table 11).

Table 10. Concentrations of radiation—-induced hydrocarbons in chicken by

SPE

(ng/g fat)

_ Palmitic acid Stearic acid QOleic acid
Irradiation
Dose (kGy) Cis0 Cran Cizo Ciea Cira Cis

O _ _ _ _ _ _

1 0.81 0.47 0.72 0.21 2.02 2.45

3 1.44 0.71 141 0.35 3.04 3.74

5 152 115 1.72 0.72 4.42 4.67

7 2.02 2.26 2.70 1.10 h.21 6.59
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TC =10

Chicken 0 kGy

anw 5
0 ’“W\‘_MWMMM-AJ R R L N
7h 10 125

TC =10

Chicken 7 kGy

75 10 125
Figuer 8. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated chicken by SPE.

Oleic acid
7
[ ]
6<
a
5<
[ ]
a
- 44
8 °
2
> 31 ]
S [ ]
2 4 a
1<
041 m
0 2 4 6 8

Irradiation dose (kGy)

Figuer 9. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated chicken by SPE.
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Table 11. Parameters of regression analysis of hydrocarbons in irradiated chicken

by SPE
Hydrocarbons Linear regression equation Y
Cis2 v = 1.541x - 1.1298 0.97
Cim y = 1.2811x - 0.9035 0.97

1>Regression coefficient
? Area ratio of hydrocarbons
“Concentration of hydrocarbons (ng/g fat)

) bl AR == a7) e A A E hydrocarbon

b AR H X aL7] 9] hydrocarbonfr & 2], w43t B]XAF AR 92 7 kGy AR
A2 ¢ chromatogram< Figure 109, Z1@]al FApA o] wpE A=zt ¥slE Table 1239
Figure 119l e AT

Awpd Z2ALE # 2 a7]9] A WARE palmitic acidZ25-H F5% Cisoe Cun BT =4 HAE
¥ Qlar, stearic acidZ2HEH FEH Cio %3 Cipq BT Athd oz =& stgoz Z7138hd]
Cy1 hydrocarbonito] & AH &S 13kt A a7)e th#F a9 oleic acid=F-H
T Cimd Cie?f 718 & oz eyt on, 3] Cuo hydrocarbon ¢l Cise’} &
kg 2R 8 YE. Linoleic acidZ2 58 X9 Cio9 Cipze UWE hydrocarboniroll W3
< o R FAHSloeH o]+ A 7]l linoleic acid FHEFo]l w& Aol 7|15l

Ak z2AE A o)A A" hydrocarbon o] dhEe ZApA gk ubgl =7)3Ek9) o
E3| oleic acidoll 4] %% 1,7-hexadecadiene (Cis2), 8heptadecene (Cizi)o] 714 @o] 22l

ol WAR A RE #Add A= AAvAR Z8T7besH AR A Fe

ri

regression A (rH)E 098 o) oz ZApA ) wE uF S & 5 Ut Table 13).
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Table 7. Concentrations of radiation—induced hydrocarbons in pork by SPE

(ng/g fat)
Trradiation Palmitic acid Stearic acid Oleic acid
Dose (kGy) Ciso Ciaa Cizo Cis1 Ci71 Cis2
O — — — — — —
1 0.97 0.66 0.62 0.58 1.00 1.37
3 1.34 1.09 1.07 0.80 2.27 2.90
5 2.16 141 1.80 1.03 3.51 496
7 391 2.06 2.79 1.94 5.29 7.06
e 10 Pork 0 kGy
MM’M‘,—L“A__M—A—JA
0
10 15
e 10 Pork 7 kGy
162 1721
0

10 15
Figure 10. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated pork by SPE.
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Oleic acid (pork)

mg/kg fat
N

4 6 8
Irradiation dose (kGy)

Figure 11. Effects of irradiation dose on radiation—-induced hydrocarbons from
irradiated pork by SPE.

Table 13. Parameters of regression analysis of hydrocarbons in irradiated pork

by SPE
Hydrocarbons Linear regression equation T
Cig2 v = 1.053x - 0.887 0.98
Cim1 v = 0.8989x - 0.8509 0.99
>Regression coefficient

? Area ratio of hydrocarbons

“Concentration of hydrocarbons (1g/g fat)

o) Avbd 2ARE Aav)el A A E hydrocarbon
Aupal AR 431712 hydrocarbonit & #32], #£43e] v XA Alg U

kGy ZARE A

97
29 chromatogramS Figure 129, Zrg]ar ZApA o] w2 A zky W3l=

Figure 139l e AT},
Aebd AR 43179

Table 149}

hydrocarbon F  l-tetradecene(Cis1), pentadecane(Ciso),

1-hexadecene(Cis1), heptadecane(Ci7p), 1,7-hexadecadiene(Cisz), 8-heptadecene(Cizi)e 1 kGy
olde MFoz XALE ARAA HEH HEY A fFdoh 43517

Ao, U AL A Fol A=
2] 2 hydrocarbon i oleic acidel A
ojlem E3] 1,7-hexadecadiene(Cip2)

hydrocarbon #¢ &

=% 1, 7-hexadecadiene(Cis2) 8-heptadecene(Ciz:1)
8-heptadecene(Ciz) Bt =4 A= Cuo
Sheks 89139t Stearic acidZ25F-E X% heptadecane(Cizo)S
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1-hexadecene(Cip) H.TF Aildoz2 w2 &8 YERA o™ palmitic acidZ2F-H x4

pentadecane(Cis0) %= 1-tetradecene(Cie)H.0F ©] =4 HEF% o] C,1 hydrocarbon 9 =& A

o

&5 k315 o} Linoleic acid = 5-¥ e 6,9-heptadecadiene(Ci7-) 2}

1,7,10-Hexadecatriene(Ci3) Al #|¥4ke] W& FhaFo 2 T4 5 A

bl

stttk bl 2AbE &
7)ol A AR hydrocarbon 79 e EAPAF] wEl F71skd om E3] oleic acidel Al
=% 1,7-hexadecadiene(Cis2), 8-heptadecene(Ciz1)o] &= AlZolA 74 @o] 2elsof v
AP ZALR-E BE $ gl DAVAR 8715 ZAAGE P4 %) regression 4

FDE 09 ol Fo Beluo] xAAL wa AANAY FHe Fo9H0w 5.

e

Table 14. Concentrations of radiation—-induced hydrocarbons in beef by SPE

(ng/g fat)

Irradiation Palmitic acid Stearic acid Oleic acid
Dose (kGy) Ciso Ciaa Ci7o Cis1 Cima Cis2

O _ _ _ _ _ _

1 1.25 0.62 0.15 0.08 1.98 2.22

3 191 0.98 0.23 0.11 291 393

5 2.89 1.25 0.36 0.16 3.63 4314

7 391 2.05 0.58 0.24 461 554

"Mean+SD (n = 3).

TiC = 1.0

TIC = 1.0

Beef 0 kGy

Beef 7 kiy

16:2
17:1

10 15
Figure 12. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated beef by SPE.
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Oleic acid (beef)

o c17:1 d
s] e ci62
a
[ ]
4 °
m]
®
2 3 =
=3
(o))
€ )
24 0
14
0 .
:

T T T
0 2 4 6 8

Irradiation dose (kGy)

Figure 13. Effects of irradiation dose on radiation—induced hydrocarbons from

irradiated beef by SPE.

Table 15. Parameters of regression analysis of hydrocarbons in irradiated beef

by SPE

Hydrocarbons Linear regression equation T
Cis2 v = 1.053x - 0.887 0.98
Cim1 y = 0.8989x - 0.8509 0.99

1>Regression coefficient
? Area ratio of hydrocarbons
“Concentration of hydrocarbons (1g/g fat)

2} b Z2ARE AR E oA A E hydrocarbon
oA ALY AR E7-9] hydrocarbonfr & #3], #4438 H]F2AF A5 2 7 kGy F2AME
A &9 chromatogram< Figure 14°l, 28]al ZAPA & & A S Table 169 e

oA ge] A¢ x-S FE39] hydrocarboniE ¥43F= 48 oj$ ojy$y s F
oo B2 ARZARYF d8dY. mEls AXERY A ARAAL EAdS SR8 Al
3lo] slebd Ao ut ¥z

A BAHA ek

oleic acidoll A F =¥ X HE&

2
e
o
Sh
it
ol
ol
2
o
&
N

- 2

7-hexadecadiene(Cis2) #F 8-heptadecene(Ci71)= 5 kGyolA] 2993
0.151 mg/kgelle™ 7 kGyolAi=spectrume] F-A&slo] &A% A ¢ty SIM modez

48 @3 oA B8 A 54w v BgEs dAAE FPe nel Aol LA
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Table 16. Concentrations of radiation—induced hydrocarbons in whole milk powder

by SPE
(ng/g fat)
Irradiation Dose Oleic acid
(kGy) Crrs Cuoo
0 - _
5) 2.99 0.15

TiC =10
whole milk powder 0 kGy

75 10 125
TIC =10 Whole milk powder 7 kGy

16:2 17:1

75 10 125

Figure 14. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated whole milk powder by SPE.

vuh) AebA z2AE 2AE R4 AR hydrocarbon

At vlzAL A7 2 7 kGy A
= A28 Table 179 YJERA S

upd AR A 9] hydrocarbon & w1, ¥

1

b

<
offt
-9
)

T

A& 9] chromatograms Figure 159, 28|31 FA



}.

ek 2ARE ZAEFAA S oleic  acidelA] A E¥ 1, 7-hexadecadiene(Ciso) 3
8-heptadecene(Ciz1) 2.2 #Hwbd A oA FE Gl glon  AEZA @2 AlH A
8-heptadecene(Ci7:1)°] 0.410 mg/kg AEH A HEARA A E Az A=
1,7-hexadecadiene(Cig2)0] Az 727} 4.086, 0.959, 0, 3.866 mg/kg, S8-heptadecene(Ciz1)<
Z¥7}y 0575, 0.327, 0, 0.140 mg/kg S = ATh WA AR A HFES|AEE S A EFo] FrtEe

5 PUE S 2ARRY A% BAHA FPe wgor) o RUARY AAR
e

hydrocarbons 7 ZE38}e] HAMA AL EE fastE A
=

Gol Rad Ao

Table 17. Concentrations of radiation-induced hydrocarbons in fortified milk powder

by SPE
(ng/g fat)
Irradiation Dose Oleic acid

kGy) Cont s
0 - _
1 0.57 408
3 0.32 0.95
7 0.14 336
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TIC = 1.0 Fortified milk powder 0 kGy

WWMMMMWA
0

75 10 125

Fortified milk powder 7 kGy

16:2

75 10 125
Figure 15. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated fortified milk powder by SPE.

vh) 7ubd ZAbg o] f-2lol A A hydrocarbon

A z=AE o] 4419 hydrocarbon FE H], B4

~

ML
Ol

ted vlzAL AR 27 kGy ZARE A
#9] chromatogram= Figure 16°l, 18] 3l ZAMA ko]l w2 A A S Table 189 eI T

ek ZALE o] ol A= oleic acidol 4] FE% 1,7-hexadecadiene(Cis2)3 8-heptadecene
(Ciz) o2 WAR AL oA RE gl o AR A &2 AlZolA 7hz) 2645, 0462 mg/kg
AEH A AR AR A B9 A= 1,7-hexadecadiene(Cisz)o] A#EE 2 247 5173, 9.145,
4.870, 2.590 mg/kg, 8-heptadecene(Ciz) 77} 0.191, 1.764, 0.871, 0.338 mg/kg Q1= AT},

/)
WA EARE AGRAVES AFo] FATEE FYE S/t o f49 3

A=

=

we] Aejo] Wed Aow ARdT.
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Table 18. Concentrations of radiation—-induced hydrocarbons in baby food by

SPE

(ug/g fat)

Trradiation Oleic acid
Dose (kKGy) Curt Cros

0 - _

1 0.19 517

1.764

3 +0.047 9.14

5) 0.87 4.87

7 0.33 2.59

TC*10
Baby food D kGy

75 10 125

TIC * 1.0
Baby food 7 kGy

16:2

75 10 125
Figure 16. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated baby food by SPE.

AL ek Z2AbE 2l 8ol A A E hydrocarbon

2
Aupal AR 2872 hydrocarbonit s #3, ¥4

~

ML
Ol

Fol Ml z2AF AR 2 7 kGy Z2ARE A
9] chromatogram-s Figure 179, Z8]al FAMA o] wrE A =y W3S Figure 189 4}
EFi ATt



Aupsl ZARE 2872 hydrocarbon F+ 1,7-hexadecadiene(Ciso), 8heptadecene(Ciz1)2 1

kGy oo dgom XAl AlsolA HEEHALH, vXAL ABoAE HEHA Fdth &
3] 1,7-hexadecadiene(Cis2)+= 8-heptadecene(Ci7)X.tF =4 HAE% o C,» hydrocarbon #F¢| 3=

ot

o Fe RAstgh gvbd 248 4§50 B9 hydrocarbon 7O FHE EALA

)

of Wl FhsRom Anal EAGRE R 5 A AANAR BEAST Ao A

[e)
gow AT e ABAL U

o

Hu] ZAPAH AT regression FFEE)E 09 o

WeltH(Table 19).

TIC = 1.0
Edible oil O kGy

W
U b ittt gnrified > .

75 1 125

TIC = 1.0
Edible oil 7 kGy

16:2

waw/wju
125

75 1

Figure 17. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated edible oil by SPE.
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Oleic acid (edible oil: SPE)

mg/kg fat

oe

Irradiation dose (kGy)

Figure 18. Effects of irradiation dose on radiation—-induced hydrocarbons from
irradiated edible oil by SPE.

Table 19. Parameters of regression analysis of hydrocarbons in irradiated edible oil

by SPE
Hydrocarbons Linear regression equation T
Cis2 v = 1.053x - 0.887 091
Cim1 y = 0.8989x - 0.8509 0.92

1>Regression coefficient
? Area ratio of hydrocarbons
“Concentration of hydrocarbons (1g/g fat)

oby 7wt A FArg w)alivtel A A hydrocarbon 7

Aupa AL vl dy AAR 9] hydrocarbonT & 8], #418ke] H|ZAF AlE 2 7 kGy %
At AlE9] chromatograme Figure 199, 2]l FApA ko] we A #at WH3E Table
203} Figure 20° YFeER AT}

Aupsl AL ~AlA 2] hydrocarbon ¢l 1-tetradecene(Cii1), pentadecane(Ciso),

1-hexadecene(Cis1), heptadecane(Ci7p), 1,7-hexadecadiene(Cisz), 8-heptadecene(Cizi)e 1 kGy
o]e] Mo E xAE AZmeolA AZFHNoH, vEAL A RN = HEEA kTt vl vt
AR e] F8  hydrocarbon & oleic  acidelA  FEH

1,7-hexadecadiene(Cis:2) 3
8-heptadecene(Ci71)0) A 2. E3] 1,7-hexadecadiene(Cis2)= 8-heptadecene(Ci7)HtF =4 #
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=50 C,g hydrocarbon +9 ¥& & U3 ATh(Fig. 5). Stearic acid=Z2F¥H fE%
heptadecane(Ciz0)< 1-hexadecene(Cis1) Bt} Fid ez =2 3EkE YEMHAN S palmitic
acid25 8 F =% pentadecane(Ciso) = 1-tetradecene(Cis)E.TF ¥ =2 AAES 939},
Linoleic acidZ5%-¥ %% 6,9-Heptadecadiene(Ci72)9} 1,7,10-Hexadecatriene(Cigs)< X W4k

oA vhe gdFo R sQso] A Fadivh Avkad AbE vy A A AR

ri

hydrocarbon #% 1,7-hexadecadiene(Cis2), S—heptadecene(Ci71)8] Sk FAMAM #ho| upeg} =
7t om EE AlmdA 7P wo] gl o] v XAl F-E wadd ¢ e HAvPAR
F47hsd Ao AmHY AN F Pk regression 4 ()= 095 ooz A

Fh w2 RS YERHSATH

Table 20. Concentrations of radiation—induced hydrocarbons in vienna by using SPE method

(ug/g fat)
o Palmitic acid Stearic acid Oleic acid
Irradiation Dose
(kGy) 1)
Cuan Cis0 Cis1 Ci70 Cis2 Ciz1

O — — — — — —

1 0.83 094 4.26 2.01 3.64 0.46

3 1.10 221 347 0.81 4.36 145

5 3.48 3.82 6.83 221 6.84 521

7 211 442 4.28 1.71 3.84 6.15

YRadiation-induced hydrocarbon
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Figure 20. GC/MS chromatograms of radiation—-induced hydrocarbons in non and 7

kGy irradiated vienna by SPE.

Figure 21. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

vienna by using SPE method.

A4 #obA A e S ¥ oA A E hydrocarbon i

Aubd Z2ALE H3E 9] hydrocarbon® & w8, w43k HZAF A5 9 1, 7 kGy FAME A
29 chromatograms Figure 220, 183l XA o] & QA WHEZ Table 259
Figure 23] YERAT

WAL ZARE £ X9 hydrocarboni ¢l 1-tetradecene(Cisz1),  pentadecane(Ciso),

1-hexadecene(Cie1), heptadecane(Cizo), 1,7-hexadecadiene(Cisz), 8-heptadecene(Ciri)e 1 kGy
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o
a

1ol Aoz A AlmolA HEHAoH, HxAL A= AEHA St X9
F 2 hydrocarbon F++= oleic acido] A 5% 1,7-hexadecadiene(Cisz) 8-heptadecene(Ciz:1) ] A
o E3] 1,7-hexadecadiene(Cig2)¥= S-heptadecene(Ci7) 5.t =4 #AZ %A} (Fig. 5). Stearic
acidZ5H 5% 1-hexadecene(Cis1) heptadecane(Cizo) H.TF A& o2 =& &3S e
Sl o™ palmitic acidZ25-8 5% 1-tetradecene(Cis1)S pentadecane(Ciso) H.UF © WA A=
Hof A4k Frol wE hydrocarboni A -2 palmitic acidE A9 s tf2 A ulilof A
¥ Cn2 hydrocarbon 9 ¥& AAES SR wARE ZAME S3oA AAdH
hydrocarbon #% 1, 7-hexadecadiene(Cis2), 8-heptadecene(Ci71)9] &2 =%

7hakelomw B AlmolA 7 gol Feluo] WA AR E A 5 Qe HAAVAR
G871 s Ao Arudv 2AAEH A regression 0= 093 o) oz AR

B3k e 3B S ek Table 22,

Table 21. Concentrations of gamma irradiation—induced hydrocarbons in beef jerky

by SPE
(ng/g fat)
_ Palmitic acid Stearic acid QOleic acid
Irradiation
Dose (kGy) Cl5:o1> Cran Cizo Ciea Cira Cis
O _ _ _ _ _ _
1 3.20 1.26 142 191 1.08 2.74
3 4.23 155 2.13 3.02 145 4.36
5 531 1.46 3.04 3.60 1.85 6.14
7 549 3.28 3.05 4.55 2.26 6.70

1)Radiation—induced hydrocarbons
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Figure 22. GC/MS chromatograms of gamma irradiation—-induced hydrocarbons in non—- and

1,7 kGy irradiated beef jerky by SPE.

Figure 23. Effects of irradiation dose on gamma irradiation-induced hydrocarbons from

irradiated beef jerky by SPE.
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Table 22. Parameters of regression analysis of hydrocarbons in gamma irradiated beef jerky by

SPE

Hydrocarbons Linear regression equation r
Cis2 y = 1.680x - 1.047 0.95
Cim1 y = 0.530x - 0.260 0.93

1>Regression coefficient
Y Area ratio of hydrocarbons
“Concentration of hydrocarbons (lig/g fat)

Zh). Ak AR B ZEUS(HE) A A E hydrocarbon

Avbd Z2ARE W ZEEE Y 9] hydrocarbonFE #2], #2443k vz} AlE 2 10kGy = %=

ALE A& 9] chromatograme Figure24ol, 7183 ZAPA Zol| wE A ZS Table 239 e}

o
ol
rir
E‘—g
52
rlo
>
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iz
fo
He
o
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ofj
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ol

3kGy7HA] % A kel 1,7-hexadecadiene(Cis2)©] SkGyoll Al 357, TkGyoll A 398, 10kGy

ofo] oAl AAE FolE F U3 oH, 8-heptadecene(Ciz)S A&l F7MEF= F7let

o] Ay @G FFEo] oly B3gdEe vk EAZ hydrocarbond AE
o3}

olol hydrocarbong HZE3le] WA XA FE-E wdsts AL ojEglon =84 AW

Hol Aol Hash oz ALRHEY,
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Table 23. Concentrations of radiation—induced hydrocarbons in dried beef powder by using
SPE method

(ng/g fat)

Irradiation Oleic acid
Dose (kGy) Cros Con

0 - 0

1 - 0.32

3 - 0.52

5 3.57 0.72

7 3.98 1.04

10 0.82 1.59

DRadiation-induced hydrocarbon

Figure 24. GC/MS chromatograms of radiation-induced hydrocarbons in non- and 10

kGy irradiated dried beef powder by SPE.
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Figure 25. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

dried beef powder by using SPE method.
7). Ak ZALE JhE R Zoll A A E hydrocarbon

AekA A e 7 A 29 hydrocarbonT & #8, #248Fe] v Z2AF AR 2 5 10 kGy ZAF
H AlF 9 chromatogram=- Figure 269, 18]al ZARA ko] wE A skyl W3S Table 24
9} Figure 27| YERN AT}

Hupd ZAME 7FEA 29 hydrocarbon 9] 1-tetradecene(Cry), pentadecane(Ciso),
1-hexadecene(Cis1), heptadecane(Cizo), 1,7-hexadecadiene(Cis2), 8—heptadecene(Ci71)= 7vAl
ZAE Al FolA B HAEHEA oW, BEAF AR HEHA skt bl 2AE vk
2| 2 9] 2  hydrocarbon  §+%  palmitic  acidel A 5% 1-tetradecene(Cis),
pentadecane(Cis0)0] 1 2™  E3] pentadecane(Cis0)= 1-tetradecene(Ciu1)E.TF =4 A &5 o
Cnp1 hydrocarboni @] =2 gaFS- &9213 9t} Stearic acid=HH F %% 1-hexadecene(Cig1)
< heptadecane(Cizp) B0t AUld o=z =2 Es Yepdgle™ oleic acidZ25FH FE4
1,7-hexadecadiene(Cie2) = 8-heptadecene(Ciz1)E v} ) 4 =% Cyz hydrocarbon 9
2 AAES SJ3AY. gubd 2ALE JFEA =AM B E hydrocarbon 79 R X
AR ERe] wEl  FUFsES L E3]  palmitic acidolA  #F=%  1-tetradecene(Cisy),
pentadecane(Ciso)©] ®& ARollA 71 Bol &l o] il AR E ddd 5 e 4
AvtAR FE7t5d Aoz AR A} B #F] regression A4 () 0. 950142

2 S B 3RS G STk (Table 25).
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Table 24. Concentrations of radiation—-induced hydrocarbons in processed cheese by using
SPE method

(ng/g fat)
. Palmitic acid Stearic acid Oleic acid
Irradiation
D kG
08¢ ( Y) Cl5101> C1411 C17IO C1611 C1711 C1612
O _ _ _ _ _ _
1 1.09 0.177 0.80 291 0.175 0.79
3 1.17 1.36 0.6 2.08 0.595 1.22
5 2.09 1.77 0.99 2.22 0.825 2.05
7 4.35 3.67 1.35 2.48 1.014 3.78
10 4.49 4.08 1.3 3.02 1.585 h.14

URadiation-induced hydrocarbon

Tc 10

control

o W"‘M Jt\w\tﬂmﬂw&«

oL bl f " | kfwwwfhmj ljl'mw / v

TiC * 10

1.5 5 kGy

; l |
JJ.E'LW J |L J ‘MJ»J‘LWMJ "an] i MMW%/ \ s

Figure 26. GC/MS chromatograms of radiation-induced hydrocarbons in non—- and 5, 10

kGy irradiated processed cheese by using SPE method
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Figure 27. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

processed cheese by using SPE method.

Table 6. Parameters of regression analysis of hydrocarbons in irradiated processed cheese

by SPE

Hydrocarbons Linear regression equation r
Ciea y = 0.5139x + 0.0227 0.9887
Cizo y = 0.1522x + 0.0393 0.9874

1)Regression coefficient
? Area ratio of hydrocarbons

YConcentration of hydrocarbons (ug/g fat)

Ep). v 2AbE A X 2o A A9 hydrocarbon

Aupsl ZALE A A 22 hydrocarbonitE &8, 48e] XA A5 2 10 kGy ZAHE
A& 9] chromatogram< Figure 28, 12]al ZAMA R w2 A} WEE Table 263
Figure 29| YEFN A
vk At A x=29]  hydrocarbon 7% 1-tetradecene(Cis1), pentadecane(Cisg),
1-hexadecene(cis1), heptadecane(Cizo), 1,7-hexadecadiene(Cis2), 8-heptadecene(Ciz1)& FAvRA
ZAE AlEolA B HEEA o, BlEAL AR = HEHA skt ekl Ak A
2|22l F 2 hydrocarbon F+i= palmitic acidol 4] X% 1-tetradecene(Cis1), pentadecane

(Cizo)olle™  E3] pentadecane(Ciso)= 1-tetradecene(Cl4: D)Xt} A AZEFEH Cua

o

hydrocarbon +9] & a2 313t} Stearic acidZF-E F%%® 1-hexadecene(Cip)
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heptadecane(Ciro) Bt} Auld o= 2 3FFS Yehdgled oleic acidZ2FH FE%
1,7-hexadecadiene(Cie2) = 8-heptadecene(Ciz) Bt} ] A A=% o] Ch2 hydrocarboni+2
o AAES Il Avkd AR AdA =AM A4 E hydrocarboni o] T FA
Aol weh F7hskslew 53] palmitic acidel A %

(ciso)ol B Almol A 7Hd ol Fluo] WAL FAtoF-E dAde & e HAAvAZ &
Shed Ao ARHY ZAMFS B F] regression A (r7)E 090 o] o2 AN

W Ee 4949 UERI Qe Table 27).

=% 1l-tetradecene(cis1), pentadecane

Table 26. Concentrations of radiation—-induced hydrocarbons in nature cheese by using SPE
method

(ug/g fat)

. Palmitic acid Stearic acid Oleic acid

Irradiation

D kG

08¢ ( Y) Cl5101> C1411 C17IO C1611 C1711 C1612
O _ _ _ _ _ _
1 1.939 0.904 1.2 4.21 0.208 1.035
3 2.125 1.205 1.525 2.385 0.705 2.235
5 3.33 2.225 148 3.195 0.9875 3.541
7 3.934 2.49 1.635 4.045 1.3925 4121
10 5.032 3.4265 0.7935 4985 1.925 5.295

YRadiation-induced hydrocarbon
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TIC*1.0

control

125

TIC =10

5 kGy

125

TIC*10

10 kGy

125

Figure 28. GC/MS chromatograms of radiation—induced

irradiated nature cheese by using SPE method

hydrocarbons in

non—- 10 kGy

Figure 29. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

nature cheese by using SPE method.
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Table 27. Parameters of regression analysis of hydrocarbons in irradiated nature cheese by

SPE

D

Hydrocarbons Linear regression equation T
Cran y = 1.148x - 1.0113 0.98
Ciso y = 1.5146x - 0.5227 0.93

1>Regression coefficient
Y Area ratio of hydrocarbons

“Concentration of hydrocarbons (1g/g fat)

4. AR ZAtH X 59 hydrocarbonit A #H&#4

7h. AR ZARE A Ef-K] ol 4] A E hydrocarbon

AR AL 2842 hydrocarboni & w2], ¥43F] vlZ2AL A7 9 7 kGy A4
A 329 chromatogram< Figure 300, 28] 3 ZAMAZe] & A =kx W3tE Table 287
Figure 310l e AT

AR Z2AE 28549 hydrocarbon ¢ 1,7-hexadecadiene(Cig2), 8-heptadecene(Ciz:1)+=
1 kGy o]e Moz xAkd ARoA FAEHAoH, XA AlRdAE AEHA Frh
ARFAe  FL  hydrocarbon F¥  oleic  acidelA] %% 1,7-hexadecadiene(Ciso)
8-heptadecene(Ciz1)0l 12 £3] 1,7-hexadecadiene(Cis2) 8-heptadecene(Cir) Bt =4 A
%o Cy2 hydrocarbon 9 ®& S FAFATE Stearic acidZ2HF-EH  fFEH
1-hexadecene(Cis1)< heptadecane(Cizo) .t Fhd oz o dhaks yelelon AxAd *x
AL A &Aoo A ABAE hydrocarbon F% 1, 7-hexadecadiene(Cis2), 8-heptadecene(Ciz1)2)
SRS ARA R wE ke e RE AEolA 7 Bol Sldo] dA XA RE
Fer 7 JdE FAAR 87T Ao=E AlRYY AP AT regression AT

) 090 ooz AN ET %o FHA-S JERYQITH Table 29).
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Table 28. Concentrations of radiation—induced hydrocarbons in edible oil by SPE

(ug/g fat)

Irradiation Oleic acid
Pose (kG Crr1” Cisz

O - u—

1 0.14 121

3 112 2.22

5 165 943

7 2.99 382

YRadiation-induced hydrocarbons

Figure 30. GC/MS chromatograms of radiation-induced hydrocarbons in non- and 7

kGy irradiated edible oil by SPE.

_61_



Figure 31. Effects of irradiation dose on radiation—-induced hydrocarbons from
irradiated edible oil by SPE.

Table 29. Parameters of regression analysis of hydrocarbons in irradiated edible oil by
SPE

Hydrocarbons Linear regression equation Y
Cisz y = 0.4821x + 0.3948 0.93
Cir1 y = 0.4214x - 0.1665 0.97
"Regression coefficient

Y Area ratio of hydrocarbons
“Concentration of hydrocarbons (ug/g fat)
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)., AAA z2A e wjdive A A E hydrocarbon

=

AAA A v dlyy 4~A1#]9] hydrocarbon+& #2], #43Fo] vxzA Al& 2 7 kGy £
AL A2 9 chromatograms Figure 32¢), 18]3l ZApAd ko] wE A=y W3S Table
307} Figure 339 e ST

AR AR vy &A1 A 9] hydrocarbon ¢ 1-tetradecene(Ciz1), pentadecane(Ciso),
1-hexadecene(Cig1), heptadecane(Cizo), 1,7-hexadecadiene(Cis2), 8-heptadecene(Ciz1)E 1 KkGy
o e AFgom xAlE AEeA AEHASH, BIERAL AR E HEHA Fgd vl Ay
AR FQ2  hydrocarbon Fi  oleic  acidelA  FEH  1,7-hexadecadiene(Ciez2) 2
8-heptadecene(Ciz1)0l 12 £3] 1,7-hexadecadiene(Cis2) 8-heptadecene(Cir) Bt =4 A
Z%0o] C,p hydrocarbon ¢ %<& FTHE FAsATE Stearic acidZ2FHY  fFEH
1-hexadecene(Cig1)S  heptadecane(Cizo) Bt} HilA oz =2 F#Hs et gle™ palmitic
acidZ 58 %% pentadecane(Cis0) = 1-tetradecene(Ciyu)ETF ] =2 AAHES 253},
Linoleic acidZ%-¥ %% 69-Heptadecadiene(Ci72)9} 1,7,10-Hexadecatriene(Cigs) X WHAF &
Aol A vk o w gl FAHA FEaivt. A AR vyt AAF oA A
hydrocarbon & % 1,7-hexadecadiene(Cisz), 8-heptadecene(Ciz1)9] ShaFe ZApA whol] wpe} =
7hakglom BeE AlmolA 7 gol FQlu o] WA AR E A & e HAAIAR
g7t Aoz ARYH ZAPAZTH AT regression AFE)E 096002 ZHARA

G} e 4o b eh(Table 31).

Table 30. Concentrations of radiation—induced hydrocarbons in vienna by SPE

(ug/g fat)

I _ Palmitic acid Stearic acid QOleic acid
rradiation
DOSC (kGy) Cl5101> C1411 C17IO C1611 C1711 C1612

O — — — — — —

1 0.55 1.04 147 057 1.30 0.48

3 1.49 174 2.36 1.26 373 2.00

5 164 1.87 2.64 1.49 4.09 2.27

7 2.67 3.26 334 171 6.13 3.49

YRadiation-induced hydrocarbons
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Figure 32. GC/MS chromatograms of radiation-induced hydrocarbons in non—- 10 kGy

irradiated vienna by using SPE method

Figure 33. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated vienna by SPE.
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Table 31. Parameters of regression analysis of hydrocarbons in irradiated vienna by SPE

Hydrocarbons Linear regression equation r
Cis2 y = 1.690x + 1.164 0.96
Cim y = 0.971x + 0.198 0.95

1>Regression coefficient
Y Area ratio of hydrocarbons
“Concentration of hydrocarbons (ug/g fat)

o) AAA Z2AE § XA AAE hydrocarbon

AAd Z2AbE S 329 hydrocarbon®tE &8, 435k v]XAF Alm 2 1, 7 kGy ZARE A
#9] chromatograms Figure 34. o, Z1g]al ZAMA ] whE A ZE WIS Table 329
Figure 35 e AT

AR ZAFE S ¥ 2] hydrocarbonit ¢l 1-tetradecene(Cis1), pentadecane(Ciso), 1-hexadecene
(Cis1), heptadecane(Cizo), 1,7-hexadecadiene(Cisz2), 8-heptadecene(Ciz1)T 1 kGy ©]4Fe] Mzko
2 AN AlmOlA HEHS oW, HEAF ARdAME HEWA &FUuTE KXY F8
hydrocarbon §++% oleic acidol4] %% 1,7-hexadecadiene(Cis2) 8-heptadecene(Ciz.1) ] 2.
E3] 1,7-hexadecadiene(Cig2)=  8-heptadecene(Ciry) b ¥ FEE gl d vk (Fig. 5.
Stearic acidZ5-H %% 1-hexadecene(Cis1)< heptadecane(Ciz) Bt} A o= H2 T=F
< YW S ™H palmitic acidZ5FE 5% 1-tetradecene(Cis1)< pentadecane(Ciso) H.TF T
S AEHAY. ®HAke] 279 wE hydrocarbont A B palmitic acidE A 93 o=

jl—:_:'r
A Wkako| A= Cos hydrocarbon #9 H2 AAES Feldgdrt. AR ZAE S¥EA A

S

A% hydrocarbon %  1,7-hexadecadiene(Cie2), 8-heptadecene(Cir1)®] Tk AR &Fofl u}
gt Fbst o BE AmoA 7HE @ol EQlE o] AAA AL F-E AT ¢ e AA
nAR G475 Aoz Ams vy zAN T YA T regression FFEGED)E 094 o] Yo

ZAA ST & RS LT Table 33)
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Table 5. Concentrations of electron beam irradiation—induced hydrocarbons in beef

jerky by SPE

(ug/g fat)

_ Palmitic acid Stearic acid QOleic acid
Irradiation
Dose (kGy) Cl5:o1> Cran Cizo Ciea Cira Cis

O _ _ _ _ _ _

1 1.73 117 2.97 2.42 0.94 2.45

3 3.97 2.02 3.77 4.54 1.70 5h.bh

5 413 291 401 .34 2.97 D.84

7 6.42 4.66 .75 6.32 4.82 7.72

1)Electron beam-induced hydrocarbons

Figure 35. GC/MS chromatograms of electron beam irradiation-induced hydrocarbons in
non- and 1,7 kGy irradiated beef jerky by SPE.
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Figure 35. Effects of irradiation dose on electron beam irradiation—induced

hydrocarbons from irradiated beef jerky by SPE.

Table 33. Parameters of regression analysis of hydrocarbons in electron beam irradiated

beef jerky by SPE

Hydrocarbons Linear regression equation r
Cis2 y = 1.883x - 1.334 0.94
Cim1 y = 1.168x - 1.415 0.96

1>Regression coefficient
Y Area ratio of hydrocarbons
“Concentration of hydrocarbons (lig/g fat)

) AAA A B ZEES(S X)) A A E hydrocarbon

AAA ZALE ¥ ZE S ¥ 9] hydrocarboni+& #2], #2489 wZzA A& ¥ 10 kGy A

H A)29¢] chromatogram-2 figure 360, 28]i FAPd #kol] wE A HS table 349} firure

37 YEbh AT

FHARS A$ AWS FE39 hydrocarboni g 43z 42 vl-$ oly¢u Aws F

Folet B A EARTE dddn. webA Bz RESX2 Y A ANEAAY EAE FE7Y

7orate] sletd Ao wel f% oleic acidolA FEE AHEIES B39 o I
s}

Ay 5 kGy7hA e E A &kdl 1,7-hexadecadiene(Cisz)©] 7 kGy @t 10 kGyoll A 242 7.84,
e
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SIM mode= 43 A3 A £2 AA o] B met v sstEd JAA= Fe B
of Aol LAZF = Aoz dAdsglon stehy ZAH o £42 Ayt o e
& Aoz A7tAT) wEpa] BEAI R g WA A FAAENL st X 9y 9
o &Eeld AAWHe] A2d How AmHT}

Table 34. Concentrations of radiation-induced hydrocarbons in dried beef powder by

SPE

(ng/g fat)

Trradiation Oleic acid
Dose (kGy) Co? Cro

0 _ _

1 - 0.66

3 - 0.88

5 - 0.86

7 7.84 1.99

10 6.96 1.85

YRadiation-induced hydrocarbon

Figure 36. GC/MS chromatograms of radiation-induced hydrocarbons in non— and 10

kGy irradiated dried beef powder by SPE.
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Figure 37. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated dried beef powder by SPE.
ub), AR ZALE TR 2o A A E hydrocarbon

AP AR 7R A 29 hydrocarbon®t & 2], £43F0] v XA A5 9 5 10 kGy A}
H AlF 9 chromatogram=- Figure 389, 18]al ZAPA ko wE Ay WM3lE Table 35
9} Figure 39| YERHATE

AR Z2AME 7F3A 229 hydrocarbon  #¢1 1-tetradecene(Cuy1), pentadecane(Ciso),
1-hexadecene(Cis1), heptadecane(Ciz), 1,7-hexadecadiene(Cis2), 8—heptadecene(Cir1)i= HAAFA
AR Al FollA B HAEEA e, BEAF A RdA = HEHA sk AR =AM Tk
2| 2 9] 2 hydrocarbon  §ri=  palmitic  acidol 4] 5% 1-tetradecene(Cis),
pentadecane(Cis0)0] 1™ E£3] pentadecane(Ciso)s= 1-tetradecene(Cu1) Bt =4 AZEY o
Ca1 hydrocarbon 79 =& %S 3213}l t}. Stearic acidZ2HH F%%¥ 1-hexadecene(Cis1)
< heptadecane(Cir) B0 Aildoz £ e YEMASH oleic acidZ2FH FE49
1,7-hexadecadiene(Cis2) = 8-heptadecene(Ciz) Bt} o =4 HAZE=% 9 Cy2 hydrocarbon 9]
E2 AAES A3 AAAA x2AE TbEA 2o A AR hydrocarbon 9 FEe x
ApA e wrEl F71EFglew 53] palmitic acidelA] FEE 1-tetradecene(Cign),
pentadecane(Ciso)©] ®E A BolA 7H Fo] Feluo] ALY FAlol -5 Add = = 4
AutAR 87553 Ao g AuE™ AT A regression FFEH)E 095 oF
AP = =8 A8 S e AT Table 36).
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TIC < 1.0

control

TIC * 1.0

Lol

1.5 5 kGy

TIC =10

|5 10 kGy

10

15

Figure 38. GC/MS chromatograms of radiation—induced hydrocarbons in non-5, 10 kGy

irradiated processed cheese by using SPE method

Table 35. Concentrations of radiation—induced hydrocarbons in nature cheese by using

SPE method
(ng/g fat)
Trradiation Palmitic acid Stearic acid Oleic acid
Dose (kGy) Crag Crut Crro Cuon Coon Cuon
0 _ _ _ _ _ _
1 1.07 0.655 0.59 3.595 0.225 1.695
3 1.965 1.2 0.865 2.99 0.56 2.82
5) 2.93 1.85 0.785 3.47 0.81 3.886
7 243 2.345 1.05 3675 0.935 4.782
10 5.65 5.305 1.465 4725 1.885 6.86

URadiation-induced hydrocarbon
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Figure 39. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

processed cheese by using SPE method.

Table 36. Parameters of regression analysis of hydrocarbons in processed cheese by SPE

Hydrocarbons Linear regression equation r
Cie2 y = 0.6281x + 0.6186 0.9738
Cima y = 0.1713x - 0.0064 0.9517

1)Regression coefficient
Y Area ratio of hydrocarbons

YConcentration of hydrocarbons (ng/g fat)

Hh), AR AR A X =) A B hydrocarbon

AR Z2ArE A A2 2] hydrocarboni & #8, #4319 v ZAF A& 92 10 kGy ZAHE
A2 ¢] chromatogram< Figure 409, Z1@]al ZFApA o] wE A=zt W3S Table 379
Figure 41| YER A
AAA Z2AME AAX 2] hydrocarbon ¢! 1-tetradecene(Cis1), pentadecane(Ciso),
1-hexadecene(Cig1), heptadecane(Cizo), 1,7-hexadecadiene(Cis2), 8-heptadecene(Ci71)3= HAAA S
ZALEE BE Algo A el Hdut. AR = 8 hydrocarbon 3 palmitic acidol A FE=4
1-tetradecene(Ci4:1), pentadecane(Ciso)©1 %10 53] pentadecane(Ciso) 1-tetradecene(Ciy) 2

o ks #0135t} Stearic acidZF-E %% 1-hexadecene(Cisi) heptadecane(Cizo)
wry Agdor m& S YEIASH oleic acidZ2HFH 2% 1,7-hexadecadiene(Cigz) =
8-heptadecene(Ci7:) B0+ ] =41 A& o] C,o hydrocarbon F9¢ < AAES Folstith
AAA AR KA Zo| A ABAE hydrocarbon F¢] Shae ZAPA kol wel 7)o &

3] palmitic acidol A %% 1-tetradecene(Cis1), pentadecane(Cisg)©] BE Al J oA 7174 @Ol
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oI5l WA ZAPIRE W F Yt AANAR 88453 Aor ARHM 2T

2] regression AP E 095 oo @ FAAEIT o e YER YT Table

TIC* 1.0
contral

TIC < 1.0
5 kGy

TIC * 1.0
.5 10 kGy

0
75 125

Figure 40. GC/MS chromatograms of radiation—induced hydrocarbons in non-5, 10 kGy

irradiated nature cheese by using SPE method
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Table 39. Concentrations of radiation—-induced hydrocarbons in nature cheese by using SPE

method
(ng/g fat)
. Palmitic acid Stearic acid Oleic acid
Irradiation
D kG
08¢ ( Y) Cl5101> C1411 C17IO C1611 C1711 C1612
O _ _ _ _ _ _
1 2.743 0.8175 0.792 272 0.25 0.994
3 2.885 1.5 1.25 342 0.671 1.448
5 3.447 2.178 1.59 2.605 0.887 1.994
7 3.758 2.652 1.925 4.28 1.231 2432
10 4555 2.949 2.377 5.567 1.932 3.228

URadiation-induced hydrocarbon

Table 40. Parameters of regression analysis of hydrocarbons in irradiated nature cheese by
SPE

iy

Hydrocarbons Linear regression equation T
Cis2 y = 0.2925x + 0.4153 0.95
Cim y = 0.1836x + 0.0331 0.98

1)Regression coefficient
? Area ratio of hydrocarbons
YConcentration of hydrocarbons (ng/g fat)
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Figure 41. Effects of irradiation dose on radiation-induced hydrocarbons from irradiated

nature cheese by using SPE method.

5. bt AR A Al 59 hydrocarbonir ¥4 Hl

7h ebd E dAA Z2AbE A Sl A A ¥ hydrocarbon # B] AL

Ak @ AR AR 289 hydrocarbon®E #8331 GC/MSE #2413 A3 Oleic
acid2 58 %% 1.7-hexadecadiene(Cisz), 8-heptadecene(Ci71) A &Fo] F71go] ube}
Z7Fsle 43S ¥ AL, 8-heptadecene(Cir1), 1.7-hexadecadiene(Cigz)2 FFubil ZAMA &
w wuh AR F2ARSESLS W dwFo]l FUbEel weEl o B o] HE EHHASY

T ARl Ael= it
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Table 41. Concentrations of radiation—induced hydrocarbons in edible oil by SPE

(ng/g fat)
Irradiation Oleic acid
Dose (kGy) Cuon Cro
Gamma Ebeam Gamma E.beam
0 _ _ _ _
1 0.31 1.21 0.36 0.14
3 0.81 2.22 0.95 112
5) 1.21 243 2.64 1.65
7 2.32 3.38 2.98 2.99

Figure 42. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated edible oil by SPE.

o) HZubd W Az A vy A A Ko A A E hydrocarbonf W]
2k 2 AR FZARA v vk A A A 9] hydrocarboniE 31 GC/MSE 24138 Ay

Oleic acidZ5-H %% 1.7-hexadecadiene(Cis2), 8-heptadecene(Ci71)S Aol F7pghel] u}
2} S8l &S B3, 8-heptadecene(Ciz1), 1.7-hexadecadiene(Cipz) HvFA A}

Askge W Aol Fkgel wek o we %ol AE BANAOL
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Table 42. Concentrations of radiation—-induced hydrocarbons in vienna by SPE

(ng/g fat)

palmitic acid stearic acid Oleic acid

&Gy)
Cis0 Cia Ci7o Cis1 Cie2 Cima

Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma E.beam

1 094 104 08 055 201 057 426 147 364 130 046 048
3 221 174 110 149 081 126 347 236 436 373 145 200
o 382 187 156 164 226 149 683 264 684 409 521 227

7442 326 211 267 172 171 428 334 88 613 615 349

Figure 43. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated vienna by SPE.

oh) Aebd 2 A 2 S 3Eo A A ¥ hydrocarbon i+ H] 3
Ao 2 AR ZAFE $ X9 hydrocarbonFE #3833l GC/MSZ 2243 A3} fupA,

AR 25 Oleic acidZ245-8 %% 1.7-hexadecadiene(Cig2), 8-heptadecene(Ciz1)0] 74 &
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o] 4] sojxglow, AdwFe] FUhgduel FrtstE 4TS Bk Hydrocarbon 9] 473
WP AAA AR b ZARA R @2 ko] Ao {4 Aol
= 9ok WA E2ALE S ¥ oA MAE C,i hydrocarboni ¢+ C,2 hydrocarbon® S H| XL
gou AAA, vl 25 stearic acid #F oleic acidol A Coe hydrocarbon# ] A #Fo] K

t} =4 22594, palmitic acidol Al =% hydrocarbon ¥ Cp1 hydrocarboni#¢] A8 A &

AAA} Aebd 2=AA] AgEs] W vsste] fel4e) 2ol ggith.

Table 43. Comparing concentrations of radiation—-induced hydrocarbons in beef jerky by

SPE

(ng/g fat)
palmitic acid stearic acid Oleic acid
{kGy)
Cis0 Cuan Ci7o Cis1 Cis2 Cima
Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma E.beam
0 _ _ _ _ _ _ _ _ _ _ _ _

1 320 173 126 117 142 297 191 242 108 094 274 245

3 423 397 155 252 213 377 302 454 145 170 436 555

5> 531 413 146 291 304 401 360 534 18 297 614 584

7 549 642 328 466 35 575 455 632 226 482 670 772

Figure 44. Effects of irradiation dose on radiation—-induced hydrocarbons from
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irradiated beef jerky by SPE.

o) b B AR AR TRz A @ hydrocarbon 4] ar
Ak W AxA F2ALE 7P A 2 9] hydrocarbon® & #8183 GC/MSE 4% Ay 7
v AR 25 Oleic acidZ5-8 5% 1.7-hexadecadiene(Cis2), 8-heptadecene(Ciz:1)e] 7}
ol 4 Holxew, Aol Fvidteue}l Frtehs A4S Btk Hydrocarbon ¢
WP A AR ek FARA R B2 ko] B4 HA o FolF el 2
Zpoli= §lSlTh. WAL Al S ¥ oA AAE Cyi hydrocarboni®9t C,2 hydrocarboniZ
v g-eu A, 7Avka 2% stearic acid ¥ oleic acidoll 4] Cu-o hydrocarboni 9] A4
A BA5 3, palmitic acidol Al %% hydrocarbon 3 Cni hydrocarbon¥ ¢

A 7Fo]l Bt} =2 S YEh ST
AAA I vk AR AR 'R v szste] {94 <] 2ol vk gld T,

Table 44. Comparing concentrations of radiation-induced hydrocarbons in processed
cheese by SPE

(ug/g fat)

palmitic acid stearic acid Oleic acid

{kGy)
Cis0 Cuan Ci7o Cis1 Cip2 Cima

Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma E.beam

1 212 1.89 0.35 131 1.57 1.95 4.33 455 0.17 0.22 0.79 1.69

3 3.44 2.66 2.72 2.40 1.94 2.33 5.17 5.98 0.58 0.56 1.22 2.82

5 5.76 4.27 3.54 3.70 2.03 3.17 454 6.94 0.82 0.81 2.55 3.88

7 7.89 5.44 7.34 4.69 3.14 3.89 497 7.35 1.34 143 3.78 478

10 10.24 8.01 8.16 7.61 3.77 4.14 6.05 9.45 1.58 1.88 514 6.86
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Figure 45. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated processed cheese by SPE.
uh) wbad gl A Ak A A =4 A E hydrocarbon 7 H] AL

s

o
oy
k)

A ZAE A A 2 9] hydrocarbonf & &2 38Fa GC/MS=Z 43 2

T Oleic acid25-E f5% 1.7-hexadecadiene(Cis2), 8-heptadecene(Ciz.1)©] 7+

Wo| ¥4 gHojxglow, Mol Frleoute} Fr1eks 4TS Bvh.  Hydrocarbon H9 A

Wl DA AR AR ZARA Y B2 o] E4Edou folAel & A

ol it} WAL FAlE K ¥olA] ABAH C, hydrocarboni ¢ C,2 hydrocarboniZ H]

WS AxA, Aubd 5 stearic acid 3 oleic acidol 4] Cus hydrocarbon2] A Al #Fo]

B} =4 BA4%a, palmitic acidell Al F%9 hydrocarbon 3= C. hydrocarbon2¢ A4
ol Wty ¥ e dERSAY

AR VA 240 A gia] KR ) ste] f249) zelv} glgivt,
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Table 45. Comparing concentrations of radiation—-induced hydrocarbons in nature cheese by

SPE

(ng/g fat)
palmitic acid stearic acid Oleic acid
{kGy)
Ciso Cua Ci7o Cis1 Cie2 Cima
Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma Ebeam Gamma E.beam
0 —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_
1 2.99 2.56 1.77 1.63 0.32 0.44 1.42 2.12 0.30 0.31 1.03 1.57

3 312 2.99 211 3.33 0.57 0.85 2.28 3.88 0.57 0.9 1.74 2.01

5 4.88 3.68 3.42 432 0.99 1.37 4.33 512 0.91 145 2.24 2.71

7 6.33 512 472 5.57 1.36 177 5.02 5.66 1.30 1.89 2.73 3.55

10 712 6.88 5.99 6.28 1.9 2.01 6.34 6.78 1.62 3.52 4.34 475

Figure 46. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated nature cheese by SPE.

6. LC column®l 2] 3% hydrocarbon & A #3 #4

WA A 2879 hydrocarbonit& LC column® = #2]3tal GC/MSE #43to] H]
ZAF A5 27 kGy A A 59 chromatogram-S Figure 47°l, 18|31 ZA A el w2 A)
Akl M3EE Table 469 Figure 48] e AT}

LC columng ©]&3te] ®ALA xAd A8FE 4% A3} 1,7-hexadecadiene(Cipz),
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S8-heptadecene(Ci71)2 1 kGy o] 49 Aoz ALY AlZoA AZFHAQow, vFAL AlF|

A= HAEHA &kt 53] 1,7-hexadecadiene(Cisz)i= 8-heptadecene(Ciz) K.t} A A E 5 o
Cnz hydrocarbon ¢ ¥ &g 13t Hdk SPER FE&319& wel w523t =45

-

F %

e A8t Ee FAsgt P 2AbE 48
# Aol wet Fhstgom Pk A RE B
9% ¢ o dAMAR B§715d AoR ARSY 2AA%H BYF regression 35

()& 09 ooz AN e A4dAdS JEr At Table 47).

Lreb o] 21 8ol Al SPEE o] &%

e

=
=

.

1‘
S

ol 1 A F hydrocarbon #9¢ SFEko xA}

Table 46. Concentrations of radiation—induced hydrocarbons in edible oil by SPE

(ug/g fat)
Irradiation LC SPE
Dose (kGy) Ci71 Cie2 Cira Ci62
O _ _ _ _
1 0.11 0.36 0.15 0.28
3 0.52 0.72 0.65 0.81
5 1.49 2.38 1.32 2.66
7 2.26 3.19 2.44 2.98

TC=10
Edible oil 0 kGy - LC

15

UWWWMW%MWWW

75 10 125

TIC =10
Edible oil 7 kGy - LC

171 L5

75 10 125
Figure 47. GC/MS chromatograms of radiation—induced hydrocarbons in non-

and 7 kGy irradiated edible oil by LC column.
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Oleic acid (edible oil: LC)

mg/kg fat

Irradiation dose (kGy)

Figure 48. Effects of irradiation dose on radiation—-induced hydrocarbons from

irradiated edible oil by LC column.

Table 47. Parameters of regression analysis of hydrocarbons in irradiated edible oil

by LC column

Hydrocarbons Linear regression equation T
Cis:2 v = 0.8404x - 1.1904 0.92
Cim1 y = 0.5913x - 0.9741 0.92

1>Regression coefficient
? Area ratio of hydrocarbons
“Concentration of hydrocarbons (1g/g fat)
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7. A&A717 o] W& florisil column chromatography ¢t SPE A 2] v]

Z7)17ke W& hydrocarbon ¢ = WHIE SAIFAY. AP A A7 ue)
hydrocarbon ¢ 3t thA|do=z Bz oo A7z A gk vlusis o 2

2 Wele] &3k o= A AAG7|ZH wE A= Bz ] Z T (Table 48, Figure 49). %

Wgel we Ag7izke] WEE s ekgkrh. A47Izkel WE hydrocarbon § FAL w@
e Apasel ostel A7 A w gm B WA} AA 3= FFolglon GOMSE ol &
3 55t QAW ) hydrocarbon £ AR706] AR AR sob WA bl

=
=
F-E ddsh=d #Hee Ae 7HH A des #elEkivh
h

wep AL zare] s frEd

Table 48. Concentrations of radiation—induced hydrocarbons in edible oil stored at -18 T for

6 months
(ng/g fat)
Irradiation LC SPE
Dose
(kGy) Cir1 Cis2 Cima Cie2
O _ _
1 0.09 0.27 0.12 0.29
3 0.57 0.80 0.70 0.85
5 1.60 2.25 141 2.00
7 211 3.32 2.37 3.00
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C16:2 (LC colurmn) C17:1 (LC column)

[ After 6 months of storage
B Immediately after treatment

[ After 6 months of storage
B Immediately after treatment

. B [

0 N= . 0 - = I .
0 1 3 5 7 0 1 3

Imadiation dose (kGy) Imadiation dose (kGy)

5 7

C16:2 (SPE) Ci7:1 (SPE)

[ After 6 months of storage
B Immediately after treatment

[ After 6 months of storage
B Immediately after treatment

°- ‘B 'E
0 = s 0 L cEEss s
0 1 3 5 7 0 1 3

Imadiation dose (kGy) Imadiafion dose (kGy)

5 7

Figure 49. Changes of hydrocarbons from irradiated edible oil during storage at —1

8T for 6 months .

t}. Pentadecane(Cis0). heptadecane(Cirz0)s Saturated hydrocarbondl] A/ &= £vjje] 2 < o A
AE=E F Jo 2% palmitic acidol A 3 H 1-tetradecene(Cis1)3 oleic acidol A &
1,7-hexadecadiene(Cig2), 1-heptadecene(Ciz1)& HAFA ZALo] 5 d o] marker®Z 4 g3}

At

t}. Z} hydrocarbon®E GC/MSZE 24313 &% LOD, LOQE 1-tetradecene(Ciar)
0.003, 0.032 pg/kgs YEFH O™ 17-hexadecadiene(Ci2)¥ 1-heptadecene(Ciz1) °1A4 0.001,
0.017 pg/kgo =2 e AESA S A AZ n=zF F240] 753t %3k hydrocarbon ¥ ¢
standardE 0.1710 pg/kges =2 AZFAS s AR RAF 0990139 2 AAdE W
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SUMMARY

| . Project Title

Development of Detection Methods for Irradiated Agricultural Products

II. Objectives and Importance of the Project

The purpose of this research and development is to check effectiveness of Identification methods
for irradiated food used & suggested by Food and Drug Administration, and to establish
identification method for agricultural food & processed food containing materials difficult to
discriminate as irradiated or not. Irradiation is now permitted for 230 kinds of food items in more
than 56 countries, where the import/export of irradiated food is also expected. Therefore accurate
information and identification method, especially for the foods liable to change during the

processing, is urgently needed.

lIl. Contents and Scope of the Project

Section 1. Development of Detection Methods for Imadiated Agricultural Materials

and Products

To improve the application and accuracy of irradiated food detection methods, discriminating
characteristics of physical detection methods (PSL, TL, ESR) for about 40 different kinds of
frequently used agricultural products were monitored during the storage period. In addition,
evaluation of photoluminescence and radiation specific free-radical concentration in irradiated

agricultural food was made to predict irradiated doses. Reliability and secured applicability of the



detection methods were tested by inter-laboratory study in collaboration with food industry. To serve

purpose following points were taken in deep considerations;

1. Physical detection marker analysis and making database to facilitate import/export of
gamma-irradiated agricultural raw materials

2. ldentification and building database of luminescence characteristics and ESR signal properties by
origin and varieties of agricultural raw materials.

3. Identification and building database of physical detection markers for agricultural raw materials
(products) irradiated by y-ray.

4. Monitoring the detection markers in irradiated agricultural raw materials subjected to different

processing types (mixing, drying, sterilization).

e

Developing irradiated dose evaluation method for agricultural raw materials and products,

irradiated by e-beam/y-ray during the storage time.

IV. Results of the Project and their Applications

Section 1. Development of Detection Methods for Imadiated Agricultural Materials

and Products

A. Thirty five food items were subjected to discriminate as irradiated or not by
Thermoluminescence (TL) methods, to facilitate import/export of agricultural food. All
un-irradiated samples showed low intensity TL glow curve after 300°C, but samples, irradiated
by y-ray over 1 kGy showed high intensity of TL glow curve in 150-250C range. To increase
the accuracy & reliability, TL ratio(TL1/TL2) was used. All un-irradiated samples gave TL ratio
less than 0.1 whereas all irradiated were over 0.1, therefore clear discrimination was possible.
Intensity and TL ratio decreased with storage time; however identification was still possible

over studied storage period.



B. In Electron Spin Resonance (ESR) analysis, dried spring onion(Allium fistulosum), carrot,
pumpkin, lettuce, pistachio, walnut, soybean, pepper powder, and white ginseng showed signals
corresponding to cellulose radical, whereas cabbage, raisin, dried mango, complex seasoning,
instant food, and soup powder showed multi-component signal corresponding to crystalline
sugar. Intensities of these signals were dependent on irradiation doses. Cellulose radical was
possible to detect during 8-9 months and crystalline sugar radical was possible to detect even

after 1 year.

C. Using Photostimulated luminescence (PSL) analysis, screening was possible for lettuce, cabbage,
soybean, red bean, pea, curcuma, wheat, raisin, ginseng concentrate, soup powder, instant
seasoning, and liquid sauce showed un-irradiated samples under 700 photon counts (PCs) the
negative value. However, irradiated samples showed PCs over 5,000 the positive value. But
pumpkin, carrot, pistachio, walnut, pepper powder, pepper, rice, shiitake mushroom, oyster
mushroom, dried mango showed PCs results in intermediated range (700-5,000) showing inability

of PSL method to screen these samples properly.

D. In comparison, based upon origin and varieties of agricultural raw materials, no specific
discrimination characteristics were found for TL & PSL method with exception of luminescence
intensity. It represents PSL, TL and ESR methods have wide application regardless of origin
and varieties. In result of ESR analysis, intensity of cellulose signal in fresh irradiated ginseng

increased with the growing period showing importance of cellulose for ESR analysis.

E. PSL and TL analysis were employed to test the presence of Y-ray irradiated sample in different
mixing ratios (0.1%~10% irradiated sample in non irradiated one). PSL result of 1 kGy
irradiated samples showed negative value when mixed at the rate of under 0.5%, intermediate at
0.5~9%. 10 kGy irradiated samples showed negative value at 0.1% mixing and intermediate,
positive values at over 0.1%. TL analysis gave TL ratio for the all mixed samples under 0.1,

but glow curve showed clear difference between irradiated and un-irradiated samples.



F. Effect of drying conditions (spray drying, vacuum drying) was also monitored for 4 different
kinds of irradiated seasoned food ingredients (beef powder, soybean paste powder, broth
seasoning, & soybean powder). In PSL analysis, photon counts of irradiated samples before
drying were 4542~13149556 PCs, but after drying greatly decreased to 297~7619471 PCs.
Especially PSL result of 5 & 10 kGy irradiated spray dried beef and soybean powder showed
negative value, showing inability of PSL method to screen these samples. TL analysis, before
and after drying, of 5 and 10 kGy irradiated samples gave glow curve between 150~2507C
range. Like PSL results, TL intensities of spray dried samples were also less than that of
vacuum dried samples, showing potential decreasing effect of spray drying on luminescence

characteristics.

G. Irradiated garlic powder, mixed in ratio of 0.5~3% with food ingredient and processed (steam
sterilized, 85C), was investigated for 2 different kinds of liquid sauces (bul-gogi, ssam-jang). In
result, shape of glow curve (in range of 150~250C for irradiated &  after 280C for
un-irradiated), was only way to evaluate the possible treatment because all TL ratio wereunder
0.1. The Iluminescence intensity appeared differently for different sample depending upon
theamount of contaminated minerals, so difference caused by dose and mixing ratio were not

clear.

_10_
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A)
fdes AFEHo| Fa(l-5), 4 AFTd AP &A™ F34d T
A= o] o] &F L UTH6-7). & FEHAT WA AL AFolA vEE F Ue EFHHY H
toll 7123F el W thedk AT = A, 2 £ FA=23H (Photostimuated luminescence, PSL)
7} &k (thermoluminescence, TL) EAHE TAlF, Zo|AE ZH 2 0= 3

(ground state)® o] XA =}, LF electrone £ x| 23| A ®Hr} o5& W 7t F
¢ IR FAEESH, old mineralo] WS THsPAY 25 E xR AEA7IE ZE 9

=
A electron®] oA AE|7L ThA] vl EIE HolX WA ST oA ZFekE light emission

e

ddol BAEn. makd WS ASSH HE ZARNFELS 5000 o], H|ZARYEFLS 700 ©]ste]
& JEA 89 =28 42 718HAl F™ mineral®] FA}
HoolA ZE53F TL glow curve® YElATH ZF H] AL A|59 A9 AAddabdz $F40
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WA "ot =3 ZAMAE F2 Al A o] &F = AHAX2T-FH (electron spin resonance, ESR)
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kGy: 1 kgo] A Zo]A] 5x10° mole] free radicalS FA3ITh AZFo| A WA A =&
AEFF AATE Hlo] Al Ha wA U AAES A AARAAR, AR AR 2
EZL radicalF e 7} o W, AH, Kot T LFoR Axsta ddd ZHTEE IS
A Fo ZsA Hed, 2 AFEY FBH AY st AU § d 717 EASHA "ok ol
free radical®] spine F ZHo=w FFsta Yo}, of7lo] AR}L7] ) (electromagnetic wave)7}
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HatAFA2 Co-60 A4 (100 kCi point source, AECL, IR-79, MDS Nordion International Co
Ltd., Ottawa, Canada)S ©]-&

g5l ATt A HMFEZ HU FA_AHAFS JFE HARFS
MF= 0~ kGy, =57, A3F, 57, T4F 2 ALdF= 0-10 kGy, AaFok ddF= 0-7
kGy, ZU|AEFFT 0~10 kGyo] AHFoz ZAEIYT. F5-439 o= olu FiAdze]
Q18 ceric cerrous dosimeterE AlE31e] 3} WS £5% o E AT YT FAELS
low density polyethylene(LDPE) fil 2 XAl o] HEsHA Ao ALY
Zutd AP 7294 FAE49E 9 EAEDES E9F g0nkA
7. BT

4} 33 (Photo-stimulated luminescence, PSL) A

(1) PSL Al 2] AR 2 =A

f 4

PSL #2412 CEN(14)°] F3te] AAstgrt. 2 Age] ALE® PSL system (serial:0021
SURRC: Scottish Universities Research and Reactor Center, UK) A|o]74 %] ¢} sample chamber !
detector head assemblyZ AT o] Qlth. A|AFA= & Held dFrfo| =0 o3 HAH=
= FAA dAAZFA7} 91 FAIA B 2EEH 2dE "o X = bialkali cathode 3 ZZ o] A

FEE Fo] AFHY ALERNE T3l FHE LAY o] photon T2 AE o
veldth -2 0.1~3g2] AEE FHsle] 50 mm 7]

122)0] @3 sample chambero] €2 o2 60% &<
=27 UER S ™ Table 13 2

N
o2,

13]-% petridish (Bibby sterilin type
9t 29 wEde 9o g o
o7 A5

Table 1. Analyzing conditions for photo-stimulated luminescence

Specification Condition
Cycle time 1 sec
Cycle times 60 times

Dark count 24 £ 24
Light count 22 £ 13
(2) PSLET ] B3
S A7 BA A

lower threshold value= T;=700 counts/min, upper threshold

value
— 21 —
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T,=5000 counts/min Z T, ©|&}9] FE H] ZA} A& (negative contro)Z T, ©|e] Fk

ZALE A& (positive control)2 I 5} T}

1}. <9t} (thermoluminescence, TL) A

(1) TLE A 59 A2 (mineral &)

TL =43-S 98 €23 mineralS& A7) {3 ov] AFE sgon
= 200 g °F& water rinsing 3t W O 2 mineralS AFH T £ U =, Bz u|A]F4
Akl F=FE 71549 ultrasonic agitatoroll A 527 2] 3+ & thA] A|EE water rinsingd}

& Test tubeo]

il

125 pm sieveE §3 AA AL AAANZ F JA=SE FH Ao FA

o
;
o

A sodium polytungstate solution (2.0 g/mL) 5 mLS 7}3le] {7]&8S A AL FF7F
2 AAstgch durz o7 EAFE mineralo] = carbonateE 55t Qo™ o] carbonate=
ZALSE =3 A] 12} S A9 glow curve peakol] e F3FS ZYF=EE IN HCl 2 mLE
7Vl 108 7F et Ao A AR5} carbonateE A AsFH 3 IN NH4OH 2 mLE 718 =3+ A AG.
<35 mineral2 SFTE FES] AHT F acetone® H A AHIFT F Az Azt A
=

¥ mineral 0.2 mge aluminium disc(6 mm)ol &7 B3 50T incubatordll A &% o <& 3

4] ¥ mineral®] TL spectra 8L TL =74 A] 9|5 noiseo] 23 JqTFS Htomza Az
A4 =4 A TLD system(TLD-4500, Harshaw, Wermelskirchen, Germany)el] iI<%E N,
a5(99.999%)2 1024 T Ea Bl T Table 20] A0 2 =590},

Table 2. Measurement conditions for thermoluminescene

Specification Condition
Preheat temperature 50C (5 sec)
Temperature rate 5C/sec
Maximum temperature 400°C
Acquire time 70 sec
Annealing temperature 400C (5 sec)
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(3) TL intensity normalization

o et glow curve®] 150~250TC¢] WA k& F3rh. ZF A|EAA YEM}= glow curve
intensity®] normalization2 9I3}A4 12} glow curve(TL)E FAS & ©A| ok ZARAIA
(KAERI) o]&3te] A2oA Azt dAS HdHFE (Gylsec)Z 1.0 k

Z2 AAEt 23} glow curve(TL)E 2R3t Ae 234 A A
2 ¥ 2Ho4 78 WA @E TLe a9 2 F Ak 24 4% Yrhle TL glow
curve HLe] TL ratio(TL; glow curve/TL, glow curve®] THZ)E F3}¢] o] ratios threshold
value2 ol §3HH ZA} A% Belo] FsHE, B FLAF AZL s SET. ole
g 12k TL &89l A TL ratio AFZ713] 9] Y@ 9] ZA-& normalizatione] 2} grh. 2 AF A=
EgdzuAEd sl | kGyE A FAFste] TL, WA k& F31al, TL ratio gto] 0.1 o]sto]H
H| ZAFTRE, 0.1 oo AFE Aestglen 2 ZFE Origin(18)ell & EA5tT.

t}. Electron spin resonance (ESR) %A

B A E AndPE F5te] ESR £40] 7hssitta AHEE 2R 204 ER
3l CEN #¥(16,17)ll E3t5ith ZAME F2bEd 2|4 F Rl t3] 70T A 3% &<
BEAZ & 182443 FAAZ st FEF TR ESR centerg A ASIS LR, TR

s% ol 2 Az A7 F FYsh

Ao} 2L HHoz A AHYHE AE EAHF0.2 g& ESR pyrex quartz tubed]] ZZ st
X-band® ESR spectrometer(JES-TE300, Jeol Co., Tokyo, Japan)E o]-83}s] AT EF %1
9] ESR =32 7AL Table 3o] UYERfRow, A ZAle] 98] X8 free radicals
}12, ESR signaloll A }E}L}= peak-to-peak heightS ESR signal intensity® WERH O™,

A
=

n{m

v

O

il
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g-value= Y AH Z2 o) o8] =335}t ESR signal®] A#E AL Origin(18)o] & & £
=

Table 3. Analyzing conditions for electron spin resonance

Condition
Specification
Cellulose radical Crystalline sugar radical
Power 9.18 ~ 9.21 GHz 9.18 ~ 9.21 GHz
Microwave
Frequency 0.4 mW 5.0 mW
Center field 324 £ 1.5 mT 327 £+ 2 mT
Magnetic field
Sweep width 10~25 mT 10~25 mT
Modulation frequency 100 kHz 100 kHz
Modulation width 0.5~1 mT 1~2 mT
Signal channel Amplitude 10~100 mT 10~50 mT
Time constant 0.03 sec 0.03 sec
Sweep time 30 sec 30 sec
Temperture ambient temperature ambient temperature

*g-value = [(71.448 x microwave GHz)/magnetic field].

3. AAARFed 24} BA7HE AR

e

7beEe AR T FA% BHAE

b BARG AR ZAL FAF A7) BE A B
A9l AR FAF T 92, nEhE, W, U, BPZAAE, 55, 955 75 2
AEE AAE Ao\l e wEetAe WsE Bt dekd 2R AR
oA EASAT, A4 ZAABE BAABTATLNN APe FAGAT. FAA G
PSL, TL, ESR % & +asdem 447122 0, 6, 12 AL s} ZHs921}, ESR

ok
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flo
g
(@]

—

oo

o,
o

=
o
e
)
i)
)
52
fr
>
Jub)
N
)
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o3
ol
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ol
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< AAs gt 2t 2 EElA wErkAY calibration A AP Zb AW 2
FES v A= wgHFe) IAASFTY AHEE B4l thE 3] A E Y (polynomial regression

model) & A A FH(least square method)S ©]-&3t] 1, 23} <=2 YR AT

4. A7 A8 QAR /EFo] W2 marker 5712 2 ESR signal 54 ¢ 2 D/B3}

o
o
o
N
o
fr
5

TR AR A 2474 TH FFACR o] YU, HAF
L AEL nEa Qg TYSAT.
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o

Nl QAo me Qe BAEr] sk AFAsh 1E7IF] ZAGRE PSL, TL
9 ESR oz %P F 1,5, 10 kGyel PeHS ZABIATH 2 AR 100gg Fste] 17
5, 1, 2 mmQl sieved] EFHAA ARZ7|E A3 & PSLIY ESR "WHo =z HAs)

A 98 E TR EFAEE 2AE] st e AL F-E PSLI TL ¥
g3k & 1 kGy<t 10 kGy<] #Awnld& AT 1 kGyb 10 kGy7}F ZAHE 78S 0.
7,1,2,3,4,5 6,7, 8,9, 10%7}p FHFHEZ 50 g2 NS Zdz =A% 5T o
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hr)sle] PSL, TL @ ESR ®h#o = wy BEAsgch,
2. ZAMEES E3 2 AFAYd ©E FEFHNAE

AAl FEEL e thaH AFAF 2FE AdAst] SEH o AgAdd wE AEn
o EUHHS AFstaitt A48 A4AFS B FELS-A)F AFLS-B)olAL, A
A8 At LS-Ao wig=Es kA
ZAME rhERE2 1, 3, 5 %= 8t 7hEetlen, LS-Bel WigEHE rteE 22 05 1, 1.5 %
2 st A5 #EEALS THEE T 232 o] EAMstdiedl, AA, Hdrkd At
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i
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AaEY | —> (WE | — - (94 > Y > AF
85C, 30min
) )
THEHEM(TL) THEHEM(TL)

B Aol AMSS TL Helwde] A E2 sHolsts] 9stel blind test2 AAEICh 7

atn, ASHAIATEA T A, CIA LA Fo)
H S, NBE sheRE, AZEY, GuEwl usl Aehd 0, 1, 10 kGy2 ZALE
4 A} 98 ETPSAT. 2AD FAE Q9 J1F2 coding skl 9 Age U

interlaboratory testE 4343} %t}
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B Aol ALSS TL Feligel NS $157] 9lshe] blind test® AASHAT 7
Ao Az 2 AFe CALAGNA FASAL, BATIHE AR AR B AT

o g5
&, CIAGAIZANA Fostglon, Ags ZAWRIZAL A E nts2ds A3 vz &7

Z+ AgLe 2-538(PSL 53], TL 23], ESR 33]) wrEAA] &9, S A= Origin(18) I
Excel program(19)ef] ol&] EAsATE HALZ TS #9247} calibration #2418 SAS(Statistical
Analysis System)(20)e]] €&+ 3] A2 A (ANOVA)ol <o& A3t
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7]'. i“ ‘/] EE]Z—'] Q'O]D]—ﬂ —'__'5-}

(1) PSL A 54

Az ALF 5FEH, g2, AFR, a9, FulF)el diste] PSL SH& A5tk Table
4¢] A} o] H] ZAMEE EF 700E T} & photon counts(PCs)E &< zHS e o
ZALE A S Ao Z vERgTh Zev 3Ek 922 A ZAFF(1~7 kGy)oll ZA 4474 ©]st
9] PCs ZES JERNQA T, AlFXE 1 kGydllA] 4253 PCsZ Z7tk(intermediate)S L}ERN ©] PSL
oz #Eol o AR YT 2 9 AlFAE 3 kGy ol/ddllAl, Autet FujF=
A ZAF(1~T kGy)ell AA FAgk(positive)S JEHH ] PSLEA screeningo] 7}53tTh. 3
ZAFFT A S-S e ZEte g2 B9 ARl mel PCs7 frolHoem F7HeHA

oLk AFA, Astsh FulFE HFo] FABLE POSE F7HHE FFE Uil

&

Table 4. Photostimulated luminescence measurement for imadiated dried vegetables

Irradiation dose (kGy)

Sample

0 1 3 7
Pumpkin 308 + 98" (-)” 4474 + 2586 (M) 3440 + 434 (M) 3819 + 384 (M)
Carrot 300 = 17 () 3390 + 1529 (M) 2136 + 988 (M) 3415 + 283 (M)
Spinach 345 + 9 (-) 4253 + 3561 (M) 11755 + 7092 (+) 18226 + 10838 (+)
Dried onion 310 = 11 () 14606 + 7399 (+) 22194 + 2102 (+) 28444 + 2531 (+)
Cabbage 325 + 21 () 29501 + 3724 (+) 31059 + 5479 (+) 34157 + 7496 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ts, (+)>Ts.
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Az ALFe @A IHAA 7 kGyel ZAMAFFe] F{7tE o] gl
kGye] g FAbste] TL HEEHE ATk 200 gof ARALFEH, @2, AlFA, 4
o, ¥FE AHESt 0.2 mgo] minerals T E|SFATH H|ZAL AlR2

Lo intensity® WEFEE peak’} ZAMAFE ] H9- 9F 180~205T HZo A EFE S ™ intensity
E3E Aol whet Frbste vEbsTh(Fig. 1).
— okey bt Spinach —— OkGy
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Fig. 1. Typical glow curves of minerals separated from gamma-imadiated dried vegetables.

Signal intensity= Al 8ol W& XfolE ZA HolA| kot gujFrt 7Y =4 vES
™, TL glow curves} ZAPAZETre] A@aAE AFH R=0.8735, HA@Z R™=0.9905, HA|F=
R’=0.9900, 73} R*=0.8791, Aku]Z R*=0.9784° 2 }ERL} ZA}A o] glow curved]] =2 HTF
& vFe U 4 YYTHTable 5). E3F TL ratio= H| ZAFA|EE 0.015~0.0442] W92 529 A

ZAAF BT 0.1 o3t ZFS VEMN T, ZAMAEE 0.194~1.3482 4 0.1 o|A¢] Zk&S e}
Wlew o A= Table 63 7t} Khan¥} Delincée(21)= TLS ©|-&3F ZALE 3AE, 7Y
2 Ao FEAFPAA AZAF ol 93 normalizaiono] ZAze] AFAE S FVMAIFHG

T Hustged B AFdAE A5t
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Table 5. Determination coefficients (R®) between imadiation dose and TL glow curve intensity in

imadiated dried vegetables

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Pumpkin y = 42.174x + 54.522 R*=0.8735
Carrot y = 27.296x + 13.687 R*=0.9905
Spinach y = 121.56x - 38.53 R*=0.9900
Dried onion y = 23.617x + 30.052 R*=0.8791
Cabbage y = 342.92x + 147.97 R*=0.9784
Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 6. TL ratio of minerals separated from dried vegetables
TL Irradiation dose (kGy)
Sample
glow 0 1 3 7
Pumpkin GL,"(nC) 0.814+0.022" 6.327+2.138 8.032+2.383 14.053+4.509
GL,”(nC) 18.0510.492 24.506+4.204 21.054+3.405 24.105+8.293
TL ratio” 0.044=0.013 0.258+0.114 0.381=0.045 0.583+0.148
Carrot GL,(nC) 0.44+0.065 3.068+0.482 9.103+3.775 11.303+2.207
GL,y(nC) 21.44+3.201 24.59+4.198 18.208+5.201 21.947+5.292
TL ratio 0.02140.035 0.125+0.092 0.500+0.148 0.515+0.384
Spinach GL,(nC) 0.95+0.094 2.035+0.304 5.201+1.655 9.031+2.393
GL,y(nC) 33.563+0.993 10.504+1.493 10.493+3.207 7.336+5.813
TL ratio 0.028+0.045 0.194+0.049 0.496+0.111 1.231+0.446
Dried onion GL,(nC) 0.38+0.067 4.101+0.743 11.432+3.448 18.202+4.293
GLy(nC) 25.056+4.203 10.594+4.201 8.461+4.204 14.205+2.207
TL ratio 0.015+0.049 0.387+0.145 1.348+0.093 1.281+0.148
Cabbage GL,(nC) 0.74+0.032 3.405+0.959 8.204+2.104 10.005+2.069
GL,y(nC) 38.04+3.104 15.204+2.817 17.506+4.204 20.205+3.405
TL ratio 0.019+0.009 0.224+0.088 0.469+0.059 0.495+0.134

YIntegrated TL; intensity at 150-250C.
?Integrated TL, intensity at 150-250°C.

9GL/GL»

“Mean of + standard deviation (n=3).
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Az AAF 79 microwave power 0.4 mWe] Z 7oA A5} 2™, ESR signal> Fig.
29} T}k 5 Fo] AB(EHN, 9, A, A"}, GHjE) BE H] ZAMA|EE single line] ESR
signal’e Ho] FQou}, A ABoAE HF g2, AR, Avtel AS cellulose radical 52}
9] triplet line®] signalo] ¢F 6 mTe] TACZ HAAHUG. A, FF= sugard B2 FE
silds v AHA = A9 signale] FHEHU. Cellulose signalo] #HAE A B o3|
intensityS ¥|wE Az}, HTFe] Z7lol| we}l intensity® E7}ste] AZHF R’=0.8596, AZ
R’=0.9648, ZAA|FA R=0.9059, A7 R’=0.8748¢] A#AAZS U eH, FujF: G4
R’=0.8243 o2 &2 A@AAS UEhH I TH(Table 7).
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Fig. 2. Typical ESR spectra of imadiated dried vegetables at different doses.
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Table 7. Determination coefficients (Rz) between irradiation dose and ESR intensity in imadiated

dried vegetables

Regression expressions and coefficients

Sample
Mathematical fit" Cocfficients
Pumpkin y = 375.87x + 13526 R’=0.8596
Carrot y = 412.66x + 1203.2 R’=0.9648
Spinach y = 306.52x + 1369.6 R’=0.9059
Dried onion y = 296.16x + 1980.1 R’=0.8748
Cabbage y = 491.62x + 867.05 R*=0.8243

x: Irradiation dose (kGy), y: ESR intensity (a.u.).

ATF 2% (I 2ER L, 3F)of tiste PSL FHS AAI5IY T Table 259 Az} o] ]
ZAAEE EF 7005 € photon counts(PCs)& &4 2] ZES Ehfo] ZAME A @& Ao
2 eyt 28U 355 ZAME 94 5 kGy ZAFTE 499 PCsE 49 7S UERR
o, 13 3 kGy= 1246~1348 PCs2 F7gks YEPAT. I 2BA 2= 1 kGyellAl 3473 PCs
2 TS YERA 3 kGy ol ol A= FAdel Fe UERAAH.

Table 8. Photostimulated luminescence measurement for immadiated dried vegetables

Irradiation dose (kGy)

Sample

0 1 3 5
Pistachio 259 + 98 (-) 3474 £ 1153 (M) 5139 + 537 (+) 7724 + 2466 (+)
Walnut 361 = 133 (-) 1348 + 36 (M) 1246 + 135 (M) 499 + 83 (M)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ts, (+)>Ts.

o~
7
Jn
rr
o)

AR FUeIA BB ofUAR, FABRO] ) BEASHS AR
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0~5 kGy®] A=& At TL HEEGES skt 200 go AHAFETF, H2EHAE
AF&3F] 0.2 mge] minerals EZEFHT. o] W 2% AF}F EF 5
2L AA dulg AH8std TLHE SHs AT v Z2AL A5 9
intensity 2 53] F71359 o™ ZAMAES] HE TFE= 180~195ToA|, I 2ERLE 165~17
5CelA 7H¢ =& peakE HEMAT. F A8 EF A o] 71845 glow peak?} WHE}
U= ot W= Zslsldth(Fig 30). 2 AT 1 kGyZAFTE 5% 180°C, 7 2EHXQ 165C
oA 7HE =L intensitys 7}A|= glow curveE UYERH YL 5 kGyFAMT= 5 195C, I
E}2] 2 175T¢] glow curveZ ERJ T Glow curve intensity 3 Ao wa} Z=7}ste] v}
B} T (Fig. 3).
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Fig. 3. Typical glow curves of minerals separated from gamma-imadiated nuts.

fol

TL intensity ¥ A~E}X] 27} 5 kGyo] 79 29780 auo 2 5 AZoA 321 aug Ve
Foll Bl m-e = Fe JYEhiAeH, TL glow curvest AR A7
R=0.9072, T AE}X] Q. R=0.94732.2 wj-¢ =& A4S Vel Ith(Table 9). ®3F TL ratio:
H| ZAFA| Z o A] 0.015~0.0392] M2 0.1 ¢35} S JERMY I, ZAMAEE 0.164~0.7382 4]
0.1 o]’¢¢] k& Yepilen 2 A= Table 107 2T},

fr

ol

3

Table 9. Determination coefficients (R*) between imadiation dose and TL glow curve intensity in

imadiated nuts
Regression expressions and coefficients
Sample ) D :
Mathematical fit Coefficients
Walnut y = 37.983x + 65.548 R*=0.9072
Pistachio y = 4356x + 772.13 R*=0.9473

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 10. TL ratio of minerals separated from nuts

Irradiation dose (kGy)

Sample T
glow 0 1 3 5
Walnut GL,"(nC) 0.375+0.049" 4.956+1.295 7.14+2.394 12.594+4.302
GL,’(nC) 25.304+9.304 30.193+4.209 35.058+7.492 33.773+5.901
TL ratio” 0.015+0.008 0.164+0.047 0.204+0.079 0.373+0.053
Pistachio GL,(nC) 0.842+0.143 8.298+1.493 15.049+3.474 22.304+3.270
GL(nC) 21.44+5.493 27.304+7.201 25.117+6.995 30.239+10.332
TL ratio 0.039£0.011 0.304+0.176 0.599+0.142 0.738+0.331

YIntegrated TL, intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
JGLI/GL
Mean of + standard deviation (n=3).

(3) ESR B E A

ARF(EF, FJ2eRL) 94 AZX A4LFoF vk37EA] 2 microwave power 0.4 mWe Z A
ol 4] ZA3}. 1, ESR signald Fig. 48} 2t} IR A ESY A% A4 3152 mT
ol 4 e center peakS FAIC® F-$ 3 mTollA] g value 2.0023, 2.0065%1 2+2 peak7} L}E}
1} cellulose €] radicalo] EQlE|o] ZALFo} H]ZAMA R #Eo] BHs ot &
AMA B &} B ZAMAE BS single line®] ESR signale U}ERJo] ESR A& 7l5Ao] ve Ao
2 AT ESR intensity?} ZAMAZTO] AABAE FAH3 2 3FE AT HE
T2re] Aol BWI UERgeu AT intensity= & X
(R*=0.6751), T 2ERQE ZAMAZF Z7te] wel intensity= A@Ho =z  Zrtslgh
(R*=0.9462).
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Fig. 4. Typical ESR spectra of imadiated nuts at different doses.

Table 11. Determination coefficients (Rz) between imadiation dose and ESR intensity in imradiated

nuts

Regression expressions and coefficients

Sample

Mathematical fit" Coefficients
Walnut y = 29191x + 2249.7 R*=0.6751
Pistachio y = 328.61x + 1943.8 R*=0.9462

Yx: Irradiation dose (kGy), y: ESR intensity (a.u.).

57 3% (AT, 2, &5l st PSL S8S A8 Table 129] Ao} o] HJZA}
ABE 315~469 PCsZ 7000]3}e] 29 7S EMNA I, 1 kGyol e ZAMAEE ZE 5000
olde]l el @S VRN PCsol g2 Mol F7Hetel wet Frtete AEFES e
o, thFE 13,086~80,548 PCSS] W2 BAHTE B-L 5927~24,058 PCsE 1 kGy ZATol
A FAEE 2F FolAe %S UERilew 5 kGy ARl AE 24,0582 A FTEERTH

FE 50,270~61,123 PCs2 1 kGy ZAFFOlA]l 50,270 PCs2 F/HZF A 7+ =& 3S vE
e, Aol F7tel me PCsol F7HEo] thE TR/l Hg| tha Yok

o
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Table 12. Photostimulated luminescence measurement for irradiated legumes

Irradiation dose (kGy)

Sample

0 1 3 5
Soybean 469 + 98 (-) 13086 + 2586 (+) 55381 + 9434 (+) 80548 + 13095 (+)
Redbean 315 £ 17 (-) 5927 £ 795 (+) 7910 £ 301 (+) 24058 + 4683 (+)
Pea 338 £ 21 (- 50270 + 5724 (+) 52983 + 3178 (+) 61123 + 11496 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

@ TL 2454

FRE A FHddA FFE 2 Bl tis] 5 kGy7kA FH7bEol glon B A 0~5
kGy7hA] zAbste] TL REEAHE Sttt 200 g9 AAFHF, &, ¢F)E AHEst 02
mg®] mineralS 2|3t TL glow curved] FE|= H] AL A5 74 200TCo|F2E A
Z7}sle FEIE intensitys Wi Wtrh Wb XAMAE S AL WFE 195-205ToA], B
160~170Col A, &F= 195~210C9] =Rl A 7F £-& peakE WERAITH =3 2 A+
oAl s HA ML 1 kGy A|EQ intensity”} H] ZAMA]E o)A LJEFL}E signal intensity R
o HA 708 o] Vel o] H] ZAMAE S ZAMA R P BT
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Fig. 5. Typical glow curves of minerals separated from gamma-imadiated legumes.

TL intensity= o] 3F9 7/ F 7Y =2 < eI e®, TL glow curve®} ZARA
ZFalo] AAABAE T R=0.9598, T R’=0.9999, ¢F R’=0.98822 mj-¢- =L A#4LS 1}E}
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Y lth(Table 13). 3+ TL ratios H|ZAFAEOA]l 0.017~0.042¢] W= 0.1 o5+ ZHS e}l
WG a, ZAFAEE 0.248~1.5582 4] 0.1 ©o]Ae] e JeElger o Z3lE Table 149} o).

Table 13. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated legumes

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Soybean y = 26.574x + 42.922 R’=0.9598
Redbean y = 1112.8x + 22.348 R*=0.9999
Pea y = 109.13x + 57.391 R*=0.9882

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 14. TL ratio of minerals separated from legumes

TL Irradiation dose (kGy)
Sample
glow 0 1 3 5
Soybean GL,"(nC) 0.951+0.122" 14.275+5.230 19.034+5.315 25.096+6.114
GL,”(nC) 21.059+4.414 38.371+6.203 31.054+7.477 16.105+5.196
TL ratio’ 0.045+0.013 0.372+0.147 0.622+0.124 1.558+0.248
Redbean GL,(nC) 0.689:0.135 5.402+1.639 7.008+1.667 14.335+4.293
GL(nC) 16.304+4.442 14.234+3.598 19.883+6.314 17.009+2.207
TL ratio 0.042+0.012 0.380:£0.095 0.352+0.071 0.8430.348
Pea GL,(nC) 0.15+0.063 2.114+0.679 5.201+1.315 10.957+2.118
GL(nC) 9.058+1.492 8.359+2.367 7.304+2.154 11.594+4.174
TL ratio 0.0170.007 0.248+0.064 0.712+0.159 0.945+0.335
YIntegrated TL, intensity at 150-250C.
?Integrated TL, intensity at 150-250°C.
JGLI/GL,
Mean of + standard deviation (n=3).
(3) ESR B EA
TRMFE, B 9459 Fe AATNS AR AFESE 2™ microwave power 0.4 mWe X%



AdA FHsAe. 2 A7 T &5F= ESRO| tdk Eo]&<l cellulose radical signal %
intensity F7}AA-S YEMoH, B Mo HF7lo] wWE signal intensity F7} @S B
Aot = T 4T BF v ZAF AlEoA] A A< unspecific central signal2- Ho]FO
1}, 1 kGy o|4 ZAMA B A= A<l unspecific central ESR signal®] 7-9- peake] g-value®=
Z+z} 2.0033, 2.00382.2 1}E}SEIL, cellulose radicaloll ©]dfA] AAE= peakd] ¢ YZE(at
lower field)¥} @ 2Z(at higher field)e] g-value= TtF 2.0235, 1.9865, &5 2.0239, 1.98782 T
2] QI ch(Fig. 6). ©] 349 signalo] th3l intensity T3+ Ao tis] H(+H)<e #AES Vel
o o] o 3AH B A#AAFE hF y=366.96x + 940.87, R>=0.9109, &+ y=370x + 770,
R>=0.97020. 2 v }E}SETH(Table 15). 9] 3¢ EE A|EdA  So|3 Q] signalo] WA A &3
© ™ central peak®] g-value= 2.00352 U E}TE 2ol ZALA T} intensity] 3] A4 2 A
=e ge) WAR uEhtort ZAFY S Bol
Q1 signalo] V}EFFA] kol unspecific central ESR signal®] S0 2= H|FZAMA T 9} ZAMAE
kel Fdo] dE5A o7 FHE T, cellulose radical 29 signale] UEld thF9o} ¢4Fo L
2A} o3 AH ol Assnin Az,

m&:
%
.

R

= y=24522x + 21757, R? = 095512 94|
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Fig. 6. Typical ESR spectra of imadiated legumes at different doses.
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Table 15. Determination coefficients (R’) between imadiation dose and ESR intensity in imradiated

legumes
Regression expressions and coefficients
Sample
Mathematical fit" Coefficients
Soybean y = 366.96x + 940.87 R? = 0.9109
Redbean y = 24522x + 2175.7 R? = 0.9551
Pea y = 370x + 770, R? = 0.9702

Yx: Irradiation dose (kGy), y: ESR intensity (a.u.).
Y)Yy y

SRPLES
(1) PSL 45 A

175 @A 1%d disled PSL 54-& AAIsAY. Axe A2 FHsto #HEZ YA &
ol Z43sl¥ o ZIe Table 167 Zo). A= v ZAFFAIA 70,000 ©]/d+2] PCsgte WERY
o] false positive® UEM GO, ZAMAEE 12 x 10' ooz Jelgt) o]AL Ao Zof
U= o FEA 7|A% Az FAHFH Y.

Table 16. Photostimulated luminescence measurement for irradiated potato

Irradiation dose (kGy)

Sample
0 0.15 0.5 1

Potato 71106£2067" (+)° 1245439135338 (+)  5778140+1308615 (+)  13603980+1125137(+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<T, (+)>Ts.

AAs @A Il A EetdAlE FH o' 0.15 kGy7hA| 371 Eo] et A8Fd E
o] AL 95t B Ao A= 0.15~1 kGy7tA] ZA}sIe] TL BEEAL A5ttt 23 1
EAoll 4] mineral & |33t TLHS S35t AR TL glow curved] FEj= HIZAL AR
9] 749 200Co|&EE AL Frisles FEHZ intensityw= w-¢ AT vEH AR HS
180~210C2] =W SldA] 718 =L peakES VERNITHFig. 7). B3 2 AFoA AAE F
A A=EQ 0.15 kGy A& 9] intensity7} H] ZAFA B oA W}ERL}E signal intensity 2T} 2 A 300u)

_39_



o1 4e Ehio] MEAA RS} A RS FHol BEASATH TL intensitys ZAAFO] F7}

o

ol wha} R™=0.94632] A@#A 2 Z7}81tH(Table 17). =3 TL ratio= H]ZAFA 204 0.001

2 YEga, ZAMAEE 0.170~0.7832. 2 L EFSTH(Table 18). wheli] EYFEZo] IFHS 7
e g e AFo =z ZAMEGHEE S8 WHo] rhestitha wEE AT

Potato
800

600 -

u.)

400+

TL intensity (a.

200 +

T T T T T T T
50 100 150 200 250 300 350 400

Tempearture (°C)

Fig. 7. Typical glow curves of minerals separated from gamma-imadiated potatoes.

Table 17. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in
imadiated potato

Regression expressions and coefficients

Sample
Mathematical fit"” Coefficients

Potato y = 110.97x + 121.32 R’=0.9463

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 18. TL ratio of minerals separated from potato

TL Irradiation dose (kGy)
Sample
glow 0 0.15 0.5 1
Potato GL,"(nC) 0.004+0.001? 1.069+0.593 6.404+1.148 10.410+3.874
GL,”(nC) 11.103+2.351 6.274+1.203 14.683+3.173 13.288+4.132
TL ratio” 0.001:£0.001 0.170£0.047 0.436+0.017 0.783+0.191

YIntegrated TL; intensity at 150-250C.

)Integrated TL, intensity at 150-250°C.
JGLI/GL,

Mean of + standard deviation (n=3).



A8 3F(AF, FF, 4ol tiste PSL SH-& AAISHATE Table 199] Z#s} o] H]
L 300447 PCs2 7000]8ke] S ke UERIYT, LFS FFE ZAAER BT
1,107~1,501 PCs2 Z7hte vehidth. 2 ol m3sl 33

AqA dE EAEtE FEAo] LA e A2 AZET wiHe] e FAMA R A]
61.884-224,174 PCsZ F¢] gk UEHRQTh 3%9) FAE BT AT IH3
ERbA] 9F9kom o]= Sanderson Fo| Hi(22)9} YAsHE AOZAl AT
o1} v ZAMF ZARERES] AtolE BEEQUT ZAMARANA FIhgEe] vE
7B TLHE S o835t wlstojol & ez Azdnt

P
>
B
b

Table 19. Photostimulated luminescence measurement for irradiated spices

Irradiation dose (kGy)

Sample

0 1 5 10
Red pepper 300 + 98" (-)” 1107 + 2586 (M) 1422 + 434 (M) 1501 + 384 (M)
Black pepper 300 + 17 (-) 1357 + 469 (M) 1136 + 759 (M) 1415 + 581 (M)
Turmeric 447 + 7 () 61884 + 2510 (+) 224174 + 64083 (+) 140354 + 18269 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

FAss @A =l 10 kGy7hA] 57k glom £ AFelA 0~10 kGy7hA] ZAs}ed
AT 50~200 go] FAR(TF, FF, FE AHSSH] 0.2 mgo| mineral
= T8k TL glow curved] FEj= HZAF A|R9 A4 250Co|F5H AL F71sioH
intensity = ¢ SQETHFig. 8). ¥HA FAMIEY] 3¢ TFE 190~200To A, FFE 170~175C
oA, AgE 175~210Ce] 2EM oA 718 &2 peakE YERAIITH =3 & A7ollA 4F
3 HA A 1 kGy A5 intensity7} W] ZARA A UEN}E= signal intensityl TF F A
140} o] 32 HEhf o] HIZAMA B AN ES] o] RSl

—
—
el
7
Am
oX
o
ot
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Fig. 8. Typical glow curves of minerals separated from gamma-imadiated spices.

TL intensity= EF¢F 73o] A 8oz =L S Jel e, TL glow curves} FA}
MAFgTo] ABBAE TF R™=0.9470, T3 R’=0.9948, 73 R’=091260.2 w|-¢- =& AJHHL
U ERY Q1tH(Table 20). E3F TL ratios H]ZARAIZE Al 0.001~0.0079] H=Z 0.1 ©]5te] ZH<S
UJERIQT, ZAAEE 0419~1.7302 4 0.1 ]9 e Uehgen 7 Az Table 213}
Z}.

Table 20. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated spices

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Red pepper y = 52.635x + 70.504 R*=0.9470
Black pepper y = 24332x + 468.43 R*=0.9948
Turmeric y = 24740x + 16563 R’=0.9126

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 21. TL ratio of minerals separated from spices

Irradiation dose (kGy)

Sample T
glow 0 1 5 10
Red pepper GL,"(nC) 0.0030.002" 5.712+1.231 9.097+3.358 9.698+2.135
GL,’(nC) 12.246+5.132 13.647+3.166 6.662+1.264 5.906+1.254
TL ratio’ 0.001:£0.000 0.419+0.115 1.366+0.315 1.642+0.543
Black pepper GL,(nC) 0.005£0.001 1.0120.397 4221+1.184 14.578+4.336
GL(nC) 8.521+1.775 1.729+3.598 5.115+1.275 9.761+2.255
TL ratio 0.001:0.000 0.585+0.095 0.825+0.136 1.493+0.348
Turmeric GL(nC) 0.036+0.003 3.721+0.679 12.552+4.329 21.995+6.375
GL(nC) 4.928+2.455 7.908+2.367 10.938+3.166 12.714+4.667
TL ratio 0.007£0.001 0.471+0.064 1.148+0.240 1.730+0.360

YIntegrated TL; intensity at 150-250C.
)Integrated TL, intensity at 150-250°C.

JGLI/GL,

“Mean of + standard deviation (n=3).

intensity 57} @ATHE HYth & 1FE B FAL A

HAFGle1}, 1 kGy ©]
9] g-value= 2.00542 }E}WEIL, cellulose

field)z} ©.2

2.0049% }E}SIC}

At

AR B A= ™ A<l unspecific central ESR signal®] 73
radicalol] oA AAE=
Z+z} 2.0251,
signalo]] t] 3} intensity 3+ Ao ] H(H TAS
TE y=347.23x + 1492.1, R>=0.9339 2 v}E}%tTH(Table 22).
o 714 9 4

Z:(at higher field)9] g-value=

signal ©|

_43_
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43l AL-&38Y LS. ™ microwave
ESRo| w3 Sol#<l
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peak®] 73-%
19852 = #ZHATHFig. 9). o] T
ol i A4 B A
T ge] AR intensity
BAFE y=361.74x + 17052, R=0.7263, y=289.98x + 2063.5, R>=0.8237=2 T}
=2 Ao BAZ vegen Ho|Hd

o Mgkl F7lo] wE signal

k3l central peak®] g-value=
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3% peak

Y Z(at lower



20 — 0k 0 — oKy

2000 .
Black pepper ! — g Tumreic g
15004 15004 i 5kg 1500- Sky
—— 10kGy — 10Ky
1000 —~ 10004 | 1000-
—_ = —_
] & =]
\(_u'/ 500 > 500 S 5004
> @ > //)
5 = | 5
£ s % 5o | £ 5o
14 w ! 14
& o0 00 ! & -tooo]
i
-1500 5004 ﬂ‘ -1500
2000 20004 2000
T T T T T T T 1 T T T T T T T 1 T T T T T T T 1
30 35 3IW 3B 3D 3B M I 30 35 W B 3D 3B M IS 30 35 3IW B 3D B M 4
Megretic field (mT) Magreticfied () Megretic fied (m)

Fig. 9. Typical ESR spectra of imadiated spices at different doses.

Table 22. Determination coefficients (Rz) between imadiation dose and ESR intensity in imradiated

spices
Regression expressions and coefficients
Sample
Mathematical fit" Coefficients
Red pepper y = 347.23x + 1492.1 R* = 0.9339
Black pepper y = 361.74x + 1705.2 R? = 0.7263
Turmeric y = 289.98x + 2063.5 R? = 0.8237

x: Irradiation dose (kGy), y: ESR intensity (a.u.).

fr

7/ 2%5(2, )l tiste] PSL FA-& AAISHATh Table 239] Zukel o] HIZAMA R
330~368 PCs& 700°]3te] ¢ ke UERAQITH AR WS 15057~25900 PCsz e e
vebd vk zabE A8 n))e 714~1517 PCs2 E7Hghe JERQIth o] Ae & A$ 7}
HAE olm] BATE AAE FEA] A TASHA k7] HELE b

N

oK
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Table 23. Photostimulated luminescence measurement for irradiated cereals

Irradiation dose (kGy)

Sample

0 1 3 5
Wheat 330 + 36 (-) 15057 £+ 997 (+) 21406 + 3130 (+) 25900 + 4756 (+)
Rice 368 + 66 (-) 714 £ 156 (M) 1517 + 854 (M) 1263 + 468 (M)

YMeans + S.D. (n=2).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

=RE @A FHIA 5 KGR s7kEle] dem & AAlA 0-5 kGyhd ZARR TL
DS G 200 g8 FH(Y, T AFEFO] 0.1-2 mee] minerald BT TL
glow curve®] FEl= H] FAF AR ¢ 250Co|THE AL F718IH ™ intensitys #l-$-
UolrhFig. 10). ¥HA ZARAES] 7 WL 190~2000el4, T3E 170~175CoA, FFe
190~210C 2] 2=l A 7 £& peakS WUERHSATE I 2 AFolA A3 HA AF
¢l 1 kGy Al E¢] intensity7} H]ZAFA]|E oA LFEL}E signal intensity B Th 3 #] 80wl o] AL
Effo] H] ZAM B AR T HE3Th

ko

300 —— 0kGy
Rice ——0kGy
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Fig. 10. Typical glow curves of minerals separated from gamma-iradiated cereals.

TL intensity= o] WRT =& S YERNUS®, TL glow curves}t AN At
AAE & R=09972, $F R’=09587°2.2 u|-¢ =& AHAdLS vERNQTH(Table 24). £33 TL



ratio= H|ZARAE A 0.002~0.0172] H2LZ 0.1

o] 5}9] VERA QL AL,
0.144~1.5162.2 4] 0.1 ©]49 ZHe JeEh9od I ZA3l= Table 259 2t}

Be ZAA EE

Table 24. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated cereals

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Wheat y = 52.831x + 24.881 R® = 0.9972
Rice y = 3334.9x - 343.85 R* = 0.9587
x: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 25. TL ratio of minerals separated from cereals
TL Irradiation dose (kGy)
Sample
glow 0 1 3 5
Wheat GLll)(nC) 0.096+0.012 2.006+0.643 5.333+1.203 7.777+1.563
GL,’(nC) 5.396+1.583 5.126+1.134 6.985+2.994 5.129+0.147
TL ratio” 0.017+0.005 0.391+0.087 0.763+0.141 1.516+0.582
Rice GLi(nC) 0.007+0.002 1.098+0.329 7.665+1.495 9.523+2.448
GL2(nC) 3.413+0.472 7.595+2.401 12.831+4.862 15.335+0.224
TL ratio 0.002+0.000 0.144+0.349 0.597+0.147 0.621+0.153
YIntegrated TL; intensity at 150-250C.
?Integrated TL, intensity at 150-250°C.
JGLI/GL,
Mean of + standard deviation (n=3).
(3) ESR B E A
TR, B Ae YL A4S AHgEET, A 2T s

Sgol= AAT F
microwave power 0.4 mWe] ZZANA SAsHT. 2
o LFER}A
ATH(Fig. 11). ZAMAZF2Z ESR intensity®] F#Ad2 o R>=0.9787, & R>=0.92442 }E}TH

(Table 26). F+ A5 EF FZARAZES] 7o w}E ESR intensityd] F7}&2 wolt),

27 27 2 2E A § 9 radical

From FAA TS H|ZAF AlE 25 thA A unspecific central signal-S- H.o|F
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Fig. 11. Typical ESR spectra of imradiated cereals at different doses.

Table 26. Determination coefficients (R’) between imadiation dose and ESR intensity in imradiated

cereals
Regression expressions and coefficients
Sample
Mathematical fit" Coefficients
Wheat y = 283.05x + 2188.1 R? = 0.9787
Rice y = 198.31x + 2028.8 R? = 0.9244

Yx: Irradiation dose (kGy), y: ESR intensity (a.u.).

A WA

WAl 2B (E WAL e M ADel thshe] PSL 24& AAShSith Table 279 A3sl Lol
H| ZAFA| &+ 300~308 PCs2 7000]3l¢] L9 zkS veR St Z=AME A5+ 1390~4819 PCs
2 Z73€ Urhjol MARE PSL Hgeo] ojEfith dwrgoz WAL Edel} oA
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Table 27. Photostimulated luminescence measurement for irradiated mushrooms

Irradiation dose (kGy)

Sample

0 0.15 0.5 1
Shitake 308 + 98 (-) 1953 + 1574 (M) 3440 + 1004 (M) 4819 + 1183 (M)
Oyster mushroom 300 £ 17 (-) 1390 + 1382 (M) 4136 + 968 (M) 3472 + 1241 (M)

YMeans + S.D. (n=3).
“Threshold value : T,=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Ta.

@ TL 2454

18

HAFE A FlHlA A, dxMA 25 1 kGy7hA] 87| loem 2 AdyelA
Al 0~1 kGy7hA] ZAFSIY] TL BE S-S A5 400 gof HARFE WA, =eHA)E
AF&-3te] 0.2 mge] mineral& ST TL glow curve®] FEj= B]ZAF A|E 9] -9 250To]
S HE A4 Z715tEon intensity= W WFTh(Fig. 12). ¥l ZAMAES A$ FavAlL
165~210Co A, e} B Al-& 225~230TC2] LT o)A 71 =L peakS VERATH 1w
Aol A3 ZARFH ol 93k glow curve?] peak® T} 300Co]%o] Jeh}te= AAA
peak7} T =A UelEH o|AL 2AME HEo] 1 kGy(HE L, HAY A53Ho] A
Wol A 52 gE XA AAFEEE FAGARAA AR T Bl trapH o] UERG AFZ
oot o] A AAgARdel ol& back ground®] signale] obd 150~250Cell Al vtERFE
glow curveE EQlstojop gty md 2 AFeA AAT HA HFQA 015 kGy AF]
intensity7} ¥ ZAA Zo) A LYER}E signal intensityRTH H A 1208] o] A LER o] H]ZARA]
5o} ZAMAES] FHo] BHEST
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Fig. 12. Typical glow curves of minerals separated from gamma-irradiated mushrooms.
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TL intensity= ¥ I W Alo] &H& intensityE VERHAQ L} AAAutAbAMo] o8k back ground
intensity©] 1 0., ZAlo] 23} intensity= TIHAY Z©Elg]|HA EF A FH o2 w3k A3
€ BAFAT TL glow curvest ZAMIFTS] AodAlE FLWA R=0.8785, =ete| 4l
R’=0.98000.8 =& VERY QlTh(Table  28). 3% TL
0.018~0.0472] HHZE 0.1 o]|3}l9] FFS VeER|U, ZAMA S = 0325~5.2872 4 0.1 o]Ae] 7k
< UERles 2 ZF= Table 299k Zrh.

ke

PAEUD SN ratio=  H| ZA}FA]| B o] A]

Table 28. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated mushrooms

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Shitake y = 881.27x + 192.48 R® = 0.8785
Oyster mushroom y = 490.33x + 5549 R? = 0.9800
Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 29. TL ratio of minerals separated from mushrooms
TL Irradiation dose (kGy)
Sample
glow 0 1 3 5
Shitake GL,"(nC)  0.390+0.219" 6.744+1.298 10.811+1.481 17.55242.533
GL,”(nC) 8.158+0.583 3.832:+0.444 4.247+0.585 3.844+0.119
TL ratio’ 0.047+0.006 1.760+1.141 2.545+0.581 4.565+0.279
Oyster mushroom  GL,(nC) 0.013+0.005 0.028+0.004 0.422+0.039 0.608+0.125
GL(nC) 0.717+0.149 0.086£0.019 0.136+0.056 0.115+0.068
TL ratio 0.018+0.007 0.325+ 0.158 3.102+1.254 5.287+1.257

YIntegrated TL, intensity at 150-250C.
?Integrated TL, intensity at 150-250°C.

fGLl/GLz
‘Mean of + standard deviation

(n=3).
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2 A5tk Table 302] Azbe} o]l H] FAMAEE 404~670 PCsZ 7000]3+e] 29 k& e}
WAtk ZAE A8 AXEQ -9 14859~43037 PCs2 AL R-o] #io| 7hsstgont A

g e] 3¢ 1, 3 kGyol A= 394, 697 PCSZE S92 32, 5 kGyol A= 1156 PCs2 73S
Bgith Fael A% Az, 9AUAS 7HEHEL AANUA wlyge] RE 2dwo] PSLE

Table 30. Photostimulated luminescence measurement for irradiated dred fruits

Irradiation dose (kGy)

Sample

0 1 3 5
Raisin 670 + 315" (-)* 14859+ 3424 (+) 22505 + 7243 (+) 43037 + 12332 ()
Mango 404 + 43 (9) 394 + 221 (-) 697 + 392 (-) 1156 + 686 (M)

YMeans + S.D. (n=3).

PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

=
2 peako] 29} peak intensity?] z}ol= EWIIHUTH =, Fig. 133 Zo] E AFtoa] A
4g AR ML 1 kGy o8] TAAIBANA AL AR Efl peakrt 10C AFE S1ES

2 AXT = 185~195C, A= 180~200Te] 2=HAZ eI, A Z]
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Al signal intensity7} FZ3] F7FstHTE 2yt ] ZAMA RS AHSolE 270C HAZ A H$-
o peak7} UERGTE =S B AFoA AH3E HA AU 1 kGy A1 59 signal intensity7} H]
ZAMA Bl Al LVERE signal intensity R TF ZH A 3008 o] A4S el o] H]ZAF A E S} ZALA|

EE S AlR7F =2 intensityE

o

59 FEo] BEslgth. TL intensitys= 731 &5
YR TL glow curvest ZAMAZZIe] ABAAE A% R= 09262, AXE R=0.9818
o] A#HAL JERNQtHTable 31). 3+ TL ratio= H]ZAFAIE A 0.001~0.0039] M= 0.1
o5t ZFS VEMIUI, ZAMAEE 1.283~4.632 2 0.1 o]Ate] ZkS JEehglen 1 Aie
Table 329} 2T},

4000
1200+ ——O0kGy Dried mango 0kGy

] Raisin A\I\ —— 1kGy i
/F 3kGy —1kGy
1000 —— 5kGy 3kGy
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] j \
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Fig. 13. Typical glow curves of minerals separated from imradiated dried fruits at different origins.

Table 31. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated dried fruits

Regression expressions and coefficients

Sample
Mathematical fit"” Coefficients
Raisin y = 147.33x + 355 R’ = 0.9262
Mango y = 549x + 230.5 R? = 0.9818

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 32. TL ratio of minerals separated from dried fruits

Irradiation dose (kGy)

Sample
0 1 3 5
Raisin 0.001+0.001" 1.927+0.488 2.032+0.281 4.632+0.313
Mango 0.0030.003 1.463+0.559 1.283+0.317 1.576+0.145

YMean of + standard deviation (n=3).

AZALLS ZAF 3 ESR tubeo| €& = Av Z7|2 Fe} petridishol] B FZ2AZ 81
S35t AXEo o FFL 90% oA, Aol FFEFEL 65%0]4 S 2 microwave power
5 mWel ZAA SAH3EY. 2 2} ¥ ZAMABANAE AXE A= single line?] ESR
signale] Ao A= ¥ signal:= VEGR] EUTH Wi ZAMA B AE F AR EF mult
component & 2] crystalline sugar radicalo] ZAE o] AZILe] FHHWHOZ ESRHMH

go] Msaithn BErE QTHFig. 14).

Raisin Dried mango
50 200+
0kGy 1500+ 5KkGy 0kGy 2000 skGy
ol 1000 ’\ 1500 /‘
J 1007 10004 ‘
- -~ 500+ | = - ‘
3
3 s F J E 3 o]
s > o) — ) < < \
= = e = 04 Wmmwm = 0
g g r Z 2 f
Q Q r [] Q
£ -100 £ 500 {\ z € 500 ‘
o o /4 4 |
@ @ \‘ & & 1000
-1000 - | w60
-150 | |
w -1500
1500 f
-2000 -
-200—— T T T -2000 -— T T T -200-— T T T T T T T
310 320 330 340 310 320 330 340 310 320 330 340 310 320 330 340
Magnetic field (mT) Magnetic field (mT) Magnetic field (mT) Magnetic field (mT)

Fig. 14. Typical ESR spectra of imradiated dried fruits.
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THEK 2F)E 7 kGyE FAlstY PSLE 3ttt SHZT v ZAMEE 582 PCse
Zrol UEl} BZAMAE R EEQal(Table 33), 1 kGye 5103, 7 kGy FAA|BoAE 7402
PCs2 oF9l ghol vEh} PSLH O Z FAbsHA o AR fHo| 74535t

Table 33. Photostimulated luminescence measurement for irradiated red ginseng concentrate

Irradiation dose (kGy)

Sample
0 1 7

RGC 582 + 371" (-)? 5103 + 847 (+) 11402 + 2313 (+)

YMeans + S.D. (n=3).
“Threshold value : T,=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Ta.

DRIEXEY:

B Ao AL EAAFL 3~7 kGyR ZAMEIY Ao AMeEYu. EAA 250 g&
lgom 243 AIE Fig 159 JER QY. HZAMAEE
350C o]Z A peak7} F7lst= glow curved] FE|E YERACSH, 3 kGy ZAMAEE
176~194C 2] 2=W 9o A plateaudt F Gz} 225TCoA] HiL peakE 7HA= FE]S glow curve
b BEHAT 7 kGy ZAMNE 94 F 9] glowd Hol UEEEE, 170C M A peak
pointE UERNA S ™, 350Co| 5o peak’} FZAsH F7}st= FEelE el o|xH #Le
ZAMA RGN B35t 3 kGyF 7 kGyQ] glow curveZ} A2 T2 FEHE e AL TH4F

o] & Ao 7 FYHHYTE TL ratio= H|ZAMAE2 A9 0.0012 o]-& o

0

[

water rinsingste] FEAS

N
o, 3 kGy 0.116, 7 kGy 029724 normalizationd™ & ©] 83 TL 254
o= 32lo] 7153t th(Table 34).

flo
N
o
i)
o
=
xg
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Fig. 15. Typical glow curves of minerals separated from imradiated red ginseng concentrate.

Table 34. TL ratio of minerals separated from red ginseng concentrate

TL Irradiation dose (kGy)
Sample
glow 0 3 7
GL,"(nC) 0.006:0.000 2.009+1.298 6.331+1.487
Red
ginseng GL,”(nC) 19.338+3.491 17.342+4.273 21.334+3.873
concentrate TL ratio” 0.00120.000 0.116+0.692 0.297+0.747

YIntegrated TL; intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
JGLI/GL,
'Mean of + standard deviation (n=3).

o ZvlAlF

B Aol AFEE EEFEZe A AESd FERF F 9T AR i AR dIES

23] ZAFdRZ HA screening 3+ F 2% 9]

>

185 A8t 1~10 kGy2 ZAlste] A@Pel A}
235ttt 2zt A2 petridishol] 3 g& B & PSLS =A3F 23 B A EE 289~541 PCs
ZES JEMQITH(Table 35). E3 ZAMAE = 3720292~14490342 PCs2 uf-¢ =2 ZkS 1}ER)
of ZAMAE S B AR zto|7} EHEHA WESTH
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Table 35. Photostimulated luminescence measurement for irradiated powdered soups

Irradiation dose (kGy)

Sample
0 1 5 10
PS-1 389+97"% (-)” 3720292+1262073 (+) 6252785+4199797 (+) 10618110+4329238 (+)
PS-2 5414462 (-) 4426882+1200710 (+) 5841172+5592729 (+) 14490342+1432471 (+)

YMean of + standard deviation (n=3 ).
>Threshold value : T;=700, T,=5000, () <T, T <M) <Ty (+) > Ta
+, positive, irradiated; -, negative, non—irradiated; M, intermediated.

B AT AMSE B EzuAEe 2% AIEE ARSI 1~10 kGyR2 ZALSte] Ao
AHE-SHATE ZF A& petridishol] 3 g& B2 & PSLE SAHS A v ZAMAEE CS-19 F
- 522 PCs2 &9zk& WERfQIA| T CS-2¢9] 7
TH(Table 36). 3+ ZAMA|E = 829158~11859114 PCsz wj
H| ZAMA R 9] zto| 7} 2R SHA| VEFS T

—[o
i
flo
)
o
i)
o
=
K%
BN
S
5
il

Table 36. Photostimulated luminescence measurement for irradiated complex seasonings

Irradiation dose (kGy)

Sample

0 1 5 10
CS-1 522459 (-) 2680793+2320281 (+)  6375216+1768517 (+)  1185911443240418 (+)
CS-2 1440 +1387 (M) 829158+390856 (+) 8148186+3595299 (+)  7393018+7913136 (+)

YMean of + standard deviation (n=3 ).
?Threshold value : Ti=700, T,=5000, (-) < T;, Ti < (M) < Ta, (+) > Ta.
+, positive, 1rradlated; - negative, non—irradiated; M

th ZAHALER

fr

B AT AMEE BErze @4 ARSd SHAHAAE F 55 A8 dg gud
dS T; ZAIAFE WA screening 3 F 2F 9] ARE AAASHY 1~10 kGy2 FAlste] A3
o AR&stEE. 2t AIRE petridisholl 3 g& W& F PSLE AT Ad W] ZAMAEE
289~541 PCsztk2S Y ERNATH(Table 37). T3+ FAMAE &= 3781352~14798484 PCsZE wll-¢- =&

e UEhfo] ZAA RS MZAMN RS Fol7h £ e
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Table 37. Photostimulated luminescence measurement for irmadiated ready to eat meat products

Irradiation dose (kGy)

Sample

0 1 5 10
RM-1 529+147"7 (- 4891822+2574128 (+)  8686987+4256256 (+)  14798484+1929575 (+)
RM-2 4254203 (-) 3781352+1139822 (+)  6602939+1263981 (+)  13095214+7626147 (+)

YMean of + standard deviation (n=3).

?Threshold value : T;=700, T,=5000, (-) < T;, Ti < (M) < Ta, (+) > Ta.
"+ positive, 1rradlated -, negative, non-irradiated; M

Al ol LMEE A A2 F oupilFacss SRS AFSE 1410 kGyE AL
2

S 393~701 PCszk2 ERH A TH(Table 38).

_E,
=
P
>
B

L3 ZAABEE LS-1(8MH F A 2)e] A9 38470~89057 PCs2 o] 758t} LS-29 F
£ 508~759 PCsZ <9 7S Uehfo] #do] E71535}gc}. Table 389 A3z ®w PSL H
HE FHo & 9 vz gom A5 EAsle FEAQ T FFIAU=SAL BAE

oh LS-1(ube 4 2)e Hlmd Aol ZAstal, n¥Eo] Beo] EAsIAT, =ddrse 3
Aol Fslm nPEE o] giglernz FEHo] A AR ¥UW Aoz FekHET) oA
[e=] ==
= e

A HBAW AYGF ZAVGD PSLAMY Aol THssiTE AL A

Table 38. Photostimulated luminescence measurement for irradiated liquid sauces

Irradiation dose (kGy)

Sample

0 1 5 10
LS-1 701977 (-)” 38470+1262 (+) 4829146997 (+) 89057+52253 (+)
LS-2 393458 598+83 (-) 759+48 (-) 677+77 (-)

YMean of + standard deviation (n=3).

?Threshold value : T,;=700, T,=5000, (-) < T;, T, < (M) < Ty, (+) > Ta.
)+, positive, irradiated; -, negative, non-irradiated

Balss 2Z(PS-1, PS2) 300 g2 water rinsing3te] BEAL Resigon 229 BEAL
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ALE-3le] TLS FA3 23 BE A BAA ZAF oJFo| mE peake] 2T=H 9|9} peak intensity
o Aol RHHAT 2, Fig 163 2ol & AToNA ABF HA MY 1 KGy ol4e] 2AL

9] peak7} 180C HAZTE 7|F2S 2 PS-12 185~195C, PS-2& 175~18
5Ce] 2=z Jelga, ZAMAZEY F7lo] maba signal intensity’} § 73] F7FslH
T}t HZAMA RS Bgols 270C AFolA mf-¢- ve peak7t WpEMGITH EFE B AR oA
Aol Ax A= 1 kGy A| &5 9] signal intensity7} V] ZAFA| Z o)l A B} signal intensity ® T}
A 358 o] & UER o HZAL AR AR o] Mt TL glow curvest %
AP Z kel ABRAAE PS-1 R= 09994, PS-2 R*=0.97159] A#4S JERN QIth(Table 39). E
g TL ratio= H|ZAMAEOA 0.003~0.0152] HIZ 0.1 olate] S Yehlila, A ES
0.532~ 6.652 2 0.1 o]AF9] 7+e LFERJQo® 7 Az Table 403} 2},

250+ ——0kGy | ps2 ——0kGy
PS-1 1Ky —— 1Ky

1 5kGy 8000 5kGy
200 /N\ —— 10kGy { —— 10kGy
1 [

6000+
150

TL intensity (a.u.)

100

TL intensity (a.u.)

50 2000

40004 \
\
/ N
<4 /"

T T T T T T T —T—
100 200 300 400 50 100 150 200 250 300 350 400

Temperature (°C) Temperature(°C)

Fig. 16. Typical glow curves of minerals separated from imradiated powdered soups.

Table 39. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated powdered soups

Regression expressions and coefficients

Sample
Mathematical fit"” Coefficients
PS-1 y = 21.935x + 12.258 R’ = 0.9994
PS-2 y = 755.81x + 554.27 R? = 09715

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 40. TL ratio of minerals

separated from powdered soups

Irradiation dose (kGy)

Sample T
glow 0 1 3 5
PS-1 GL,"(nC)  0.039+0.022" 0.467+0.038 0.697+0.065 1.279+0.075
GL,”(nC) 0.883+0.146 0.233+0.008 0.320+0.019 0.293+0.026
TL ratio” 0.003+0.146 0.607+0.080 0.601+0.014 0.532+0.118
PS-2 GL,(nC) 0.027+0.026 1.484+0.127 2.636+0.269 3.451+0.191
GL(nC) 0.983+0.146 0.607+0.080 0.6010.014 0.532+0.118
TL ratio 0.015+0.024 2.463+0.272 4.388+0.448 6.652+1.197

YIntegrated TL, intensity at 150-250°C.

?Integrated TL, intensity at 150-250°C.
JGLI/GL
'Mean of + standard deviation (n=3).

h BEEAE
B3 zul4F 23%(CS-1, CS-2) 300 g2 water rinsingdte] FEZS Bty 28 F
242 S TLS 249 27 BE ABolA 2Al of¥o] WE peaks] SEWEI9H peak

intensity2] z}ol= B TE F, Fig. 173 Zo] B Aol A3 A HAHEFA 1 kGy °]4
o] ZAMBAA ZAF AR EH9 peak’} 200C HIZEZE 7122 CS-12 190~240C, CS-2&

HRAZ Ve AL, AN F7ke whebA] signal intensity7} w43 F 71t
Aot 2Eu B ZARAE S Aole 270C HAFolA w9 2 peak7t VERSTE xS 2 4

FellA A HA AdZFA 1 kGy A&

195~205C¢] 2%

signal intensity7} W] ZAFA|ZOA YEI}= signal
intensity ®TF 27 809 o] 442 LbeRRo] WA} ARG AN RS To] BesLh

R —okey 300
Cs1 — 1Koy

§ 5kGy

3000 —— 10kgy

a 8 R
g 8 &
T T T

TL intensity (a.u.)
8
T

TL intensity (a.u.)
@
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@
3
I

)
I
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Fig. 17. Typical glow curves of minerals separated from imradiated complex seasonings.
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TL glow curves} ZAPA TSl AATAAE CS-1 R*= 09159, CS-2 R*=0.95862] A#H4L 1}
BRI QltH(Table 41). E=3F TL ratios H] ZAFA EoA] 0.003~0.0152] HMAE 0.1 o] e 1}
B Qla, ZAAEE 0.532~ 6.652 2 0.1 o149 e vehlgen 7 Az Table 429 2
o}

Table 41. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated complex seasonings

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
CS-1 y = 299.35x + 505.08 R® = 0.9159
CS-2 y = 24.516x + 34.435 R* = 0.9586
Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 42. TL ratio of minerals separated from complex seasonings
TL Irradiation dose (kGy)
Sample
glow 0 1 3 5
CS-1 GLll)(nC) 0.048+0.028 0.410+0.085 0.788+0.050 1.378+0.057
GL,”(nC) 0.915+0.138 0.159+0.034 0.225+0.043 0.291£0.093
TL ratio” 0.050+0.011 2.622+0.537 3.564+0.527 5.078+1.663
CS-2 GLi(nC) 0.031+0.016 1.056+0.127 1.783+ 0.185 2.752+0.108
GL,(nC) 3.581+0.138 4.191+£0.917 2.489+0.306 2.477+0.422
TL ratio 0.001+0.001 0.263+0.080 0.726+0.136 1.129+0.162

YIntegrated TL, intensity at 150-250C.
i;lntegrated TL, intensity at 150-250°C.

GL/\/GL,

“Mean of + standard deviation (n=3).

T ZHHAE

S AF 2FRM-1, RM-2) 300 g& water rinsingslo] FEAS Edsiled 21 &

4 =
242 ALgstel TLE 2% A7 BE AZolA A} olRo] B peake] LEWIsh peak
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intensity2] z}ol= B TE =, Fig. 187} Zo] B Aol AA3 A AHEFA 1 kGy °]4
ol ZAA B A FAF A|E EF9 peak’} 200C AZTE 7]F2E RM-12 195~225C, RM-2&
200~210C2 2=RAZ Velsta, AR F7bel whebA] signal intensity”} w243 F7}s}
Aok 2 v A RS Bols 290T o3 R HA Frlste FEQ] peakrt vFEMETE
3 B AP A A3 A A 1 kGy A5 9 signal intensity7} M| ZAM|Z oA UEh}=

signal intensity 2T} H & 500u] o] A4S vlehfo] B XA} A B8 ZAMAE S FEo] HEstgth.

o

Table 43. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated ready to eat meat products

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
RM-1 y = 70x + 280 R® = 0.6718
RM-2 y = 85.323x + 6.2097 R? = 0.9845

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).

] ——— 0kGy

0kGy

RM-1 v s00 RM-2 \ .

800 5 kGy — Tokd
—— 10 kGy 3 y

.

400+ /
L
200 J
N /«//J)/\“\\\\

T T T T T T

T T T T T T T T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400

)
(2]
8
1

400

TL intensity(a.u.
TL intensity(a.u

200

Temperature(°C) Temperature(°C)

Fig. 18. Typical glow curves of minerals separated from iradiated ready to eat meat products.

TL glow curve$} ZAMA TSl A#ATAE RM-1 R’= 0.6718, RM-2 R’=0.98459] A#A4<&
VPR QIth(Table 43). =3 TL ratio= B]ZAFAEOA] 0.006~0.0269] ¥ 0.1 o5t ZHe
JEMNQ3, ZAAEE 1.750~4.804 2 0.1 o)A e Jeligen 1 A= Table 449}
Zo
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Table 44. TL ratio of minerals

separated from ready to eat meat products

Irradiation dose (kGy)

Sample T
glow 0 1 3 5

RM-1 GL,"mC)  0.215+0.054" 12.346+2.182 17.630+2.053 27.770+1.533
GL,”(nC) 8.158+0.583 6.0600.797 4.736+0.576 5.777+0.206

TL ratio” 0.026=0.006 2.064+0.469 3.756+0.612 4.804+0.103

RM-2 GL,(nC) 0.3900.219 6.744+1.298 10.8101.481 15.377+1.502
GL(nC) 8.158+0.583 3.830+0.444 4.240+0.585 3.844+0.119

TL ratio 0.0060.002 1.750+0.141 2.597+0.581 3.995+0.279

YIntegrated TL; intensity at 150-250C.
)Integrated TL, intensity at 150-250°C.

o JGL,/GL,
'Mean of + standard deviation (n=3).

intensity®] 2}o]= B SYUTE =, Fig. 199} Zo] E
of ZAAEAN A AE SR peakit 200C AFE S|ES

W2 Jelga, ZAPAES] F7teo] whabA] signal intensity”} F2A3] =715}
B9 Bl 260C] e AR peakrt BALAG. EF B AP

150~155TC¢] &%

oA A3k A A=A 1 kGy A|E 2] signal intensity’} B] FAMA|FO|A] }E=  signal

intensity Tk 24 508 o4& behfo] ] ZAF A|ES ZAA RS THol B3t
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Fig. 19. Typical glow curves of minerals separated from iradiated liquid sauces.

TL glow curvest ZAMHZETe] A#AAAE LS-1 R= 0.8785, LS-2 R’=0.98009] A#4L 1}
ER A THTable 45). 3+ TL ratio= H] ZAFA|E oA 0.016~0.0212] HLZ 0.1 o]st9] S 1}
B Qla, ZAAEE 0331~5.554 2 0.1 o]49] e Jehgen o A= Table 4637 2
o}

Table 45. Determination coefficients(R”) between imradiation dose and TL glow curve intensity in

imadiated liquid sauces.

Regression expressions and coefficients

Sample
Mathematical fit" Coefficients
Shitake y = 881.27x + 192.48 R® = 0.8785
Oyster mushroom y = 490.33x + 5549 R? = 0.9800

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 46. TL ratio of minerals

separated from liquid sauces

Irradiation dose (kGy)

Sample T
glow 0 1 3 5
LS-1 GL,"(nC)  0.013+0.006" 0.104+0.030 0.534+0.019 0.722+0.025
GL,”(nC) 0.717+0.247 0.175+0.031 0.130+0.007 0.132+0.023
TL ratio” 0.021+0.014 0.595+0.134 4.099+0.070 5.554+0.961
LS-2 GL1(nC) 0.055+0.011 0.028+0.004 0.422+0.039 0.608:0.046
GLA(nC) 0.835+0.361 0.086+0.009 0.136+0.017 0.115+0.023
TL ratio 0.016+0.008 0.331£0.074 3.152+0.699 5.383+0.974

YIntegrated TL; intensity at 150-250C.

)Integrated TL, intensity at 150-250°C.
JGLI/GL,
Mean of + standard deviation (n=3).

(3) ESR B4 =4

B2 232(PS-1, PS-2)o] thad] microwave power 5 mWe] Z A A =AU =3 2}
H] Z Ao A= ™% A<l unspecific central ESR signal& HFJ o1} 1 kGy o] ZAMA| E
M= Bl AN B
om w3l M=ol Z7}E4E ESR signal intensity HA] FoF o2 F713l9th. ESR signal
intensity’= Fig. 200l A&} Eo], ko] F7ltel wat folHoz Frlstqitt. 53] Flores 52
ZALE A|E= 8] ZAMAE Q] signal®th HA 1008] o] Ake] intensitys WERATIL H 3k B}
S5t WER T

A E crystalline sugar 2] 2] multi-compo nent®] radicale] }E}WE

o] o B AY A%

IA— ER— =
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Fig. 20. Typical ESR spectra of imradiated powdered soups.
(b Bz A E
Egzu| A Z 232(CS-1, CS-2)°] 3] microwave power 5 mWe] ZAHo|A =AHstHUTt =
A3} v ZARFO A= A A2 unspecific central ESR signale HoF¢ o1} 1 kGy o] %
B A= crystalline sugar 2] 2] multi-compo nent®] radicalo] VE}FO ™ FEIE Mo F

4= ESR signal intensity G A] oo = Z71319 tH(Fig. 21).
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El 3 \R
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Fig. 21. Typical ESR spectra of imradiated complex seasonings.
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S H o4 Z 2% (RM-1, RM-2)°]] th3] microwave power 5 mWe] ZHoA =AY}t =
A A3} v ZAFO A= ™3 A<l unspecific central ESR signalS Ho]FI o1}t 1 kGy oA %
ARA B ol A= crystalline sugar 3] 2] multi-compo nent®] radicale] }E}EO ™ w3k AMzgFo] F

7}&<4== ESR signal intensity SA] o] o2 ZF715FH ch(Fig. 22).
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Fig. 22. Typical ESR spectra of imradiated ready to eat meat products.

7h BAAES ARzl 0 wEnA 2UEF
=
(b PSL 2454

] zALE

ml

2] photon counts= 0 7§ 300 PCs, 6 7 324 PCs, 12 7§ 326 PCs &
eI THTable 47). ZAME= Z7]1(0712)oll 2136~3415 PCsE E5F intermediate ZL-S YERN S
AZ S FEZHS £4o] & Aoz AGHAT 127§ AR & photon counts= F7] EHT}

34~46% AT 7AYo, 27|19 mEz7FA 2 intermediate ZFS 8- A 5} T
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Table 47. Changes in accumulated photon counts of gamma-imadiated dried camrot during the

post-ilradiation storage at ambient dark room

Storage Irradiation dose (kGy)

(month) 0 1 3 7
0 300+17"(-)? 3390+1529(M) 2136+988(M) 3415+283(M)
6 324+26.9(-) 2783+691(M) 3010+£363(M) 3306:+224(M)
12 326+38(-) 1902::706(M) 1420+189(M) 2276+454(M)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ta, (+)>Ts.

Azgo] tal 44471t w2 TL signale] A7 A4S ##sith drkd 1~7 kGy
ZAA B sl 12701E A F TL glow curveE ZFATh Arkd 2AF AFTe TL
intensity2} A FA 2 9] intensity= F 27~34% AHE A HTHFig. 23). T H]ZAF AR}
W@ A o8 24 aiel shelel A5E Aoz UERETh TL rtos WEATE 2T 01
olate] LS WUERHALL, TAFTE 0.1 ol S vEhlio] o] 7hs 38t (Table 48). 12

A & TL ratio= %7] HT} 29~52% AE 743t TL intensity} TL ratiow= ZARA
Cl

Aete Ae UEIAT, A 10l B dasts AR v

250 Carrot I 0 kGy
[ 1kGy
I 3 kGy

1 7kG
200 y

150
100

50

sl - B B B

0 6
Storage period (month)

TL intensity (a.u.)

Fig. 23. TL intensity of gamma-irmadiated dried carrot during the post-imadiation storage at ambient

dark room.
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Table 48. TL ratio of gamma-imadiated dried carmot during the post-irradiation storage at ambient

dark room

Storage period  TL Irradiation dose (kGy)

(month) parameter 0 1 3 7

0 GL," 70.38 570.6 42352 12941
GL,” 4954.9 1609.1 53729 13310
TL ratio” 0.014 0.355 0.788 0.972

6 GL, 38.96 374.5 2163.5 8452.7
GL, 4112.7 1746.3 3456.8 11059
TL ratio 0.009 0.214 0.626 0.764

12 GL, 11.64 329.1 1598.6 6876.2
GL, 4563.9 1859.3 2985.7 10056
TL ratio 0.003 0.177 0.535 0.684

YIntegrated TL, intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
'GL//GL,

4l ZA E G228 radiation-induced radicale] WA EE AFEF W AZZ7 13)7HA] A
s, 43 7] ESR signal intensity$} ESR spectra®] WIS #A@3ITt. Az 7]o FH
A=l 7 kGy2E FALE A|E9] intensityS ¥H-8(Max intensity : 4095. a.u.)2 e O] A3
7]17tell wE ESR signal intensity®] W32 Fig. 240 UJehtt. ZdukA 7 kGyE ZAME G2
2 2119 (77 ¥)7HA] cellulose radicale] TEE o1}, 2514871 Y) =3 AldE guyzo] RF
AEEo AHE 4= QI%IY}. ESR signal intensity= 87l Aol 7] intensityo]]l W]d] <F 73% A
= A5

Fig. 24. ESR signal intensity of gamma-imradiated dried carrot during the post-imadiation storage at

ambient dark room.
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b di5

v ZAlE 9] photon counts= 0 7 469 PCs, 6 7§ 356 PCs, 12 71 317 PCs & 1}
B}t TH(Table 49). ZAT= Z7](0712)9] 13086~101986 PCsZ EF positive gk= JERJO] Z
Al B A~z o] 7bsslgtt 1271 A4 & photon countse Z7] KU} 40~65% AT A
st ot BS positive S ERNO] 127 Zo = screeningo] 7lsstRTE AT T

XM #Fo] Z7}84=E PSL intensity= 3 7}3 4t}

E

g2

Table 49. Changes in accumulated photon counts of gamma-imadiated soybean during the

post-ilradiation storage at ambient dark room

Irradiation dose (kGy)

Storage

(month) ¢ 1 3 7 10
0 469+98" ()" 13086+2586(+) 55381+9434(+) 80548+13095(+) 101986+25746(+)
6 356220(-) 101552991 (+) 39438:+4878(+) 482714£6030(+) 57017£7495(+)
12 317426() 7868=440(+) 25259+46799(+) 28335+8822(+) 47395+3549(+)

YMeans + S.D. (n=3).
“Threshold value : T,=700, T,=5000, (-)<T), T\<(M)<T,, (+)>Ta.

ZAE Tl el Ag7|zkel mE TL signale] A FA4dS #ESITH eRd 1~10
kGy ZAM B thsl 1278 A& F TL glow curve® =43tk Znbd A A3 9 TL
intensity S} A AFA] 2 9] intensity’= °F 34~56% AT ZHAsATHFig 25). LELb H]ZAF A2}
Al AAS] ZAL A7 gQlo] 7hEd Ao 2 UENTH TL ratios Bl ZAMTFE EF 0.1
olate] & UERNALL, ZAFFE 0.1 ol FhE el o] RHe] 71538k t(Table 50). 12
MY A & TL ratios Z7] Bt} 23~44% HAZ 43T TL intensity9} TL ratio= ZFARA
Foll met Frhets S UERAR, A7z et Faste BEFS JERE AT

H]

El
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1 Soybean I 0 kGy

3500 I 1 kGy
. Il 3 kGy

3000 - [ 7 kGy
I 10 kGy

2500
2000
1500

1000

TL intensity (a.u.)

500

0.0

0 6 12

Storage period (month)

Fig. 25. TL intensity of gamma-imadiated soybean during the post-ilradiation storage at ambient

dark room.

Table 50. TL ratio of gamma-imadiated soybean during the post-ilradiation storage at ambient dark

room
Storage TL Irradiation dose (kGy)
(month) parameter 0 1 3 7 10
0 GL," 1053.8 111440 244750 361780 592504
GL,” 155360 430200 167240 178050 167389
TL ratio”’ 0.007 0.259 1.463 2.032 3.540
6 GL, 556 85692 154763 300527 442635
GL 210570 357961 115496 200159 146308
TL ratio 0.003 0.239 1.340 1.501 3.025
12 GL, 225 59861 112478 210635 367205
GL 176540 300618 126983 149863 187632
TL ratio 0.001 0.199 0.886 1.406 1.957

YIntegrated TL, intensity at 150-250°C.

?Integrated TL, intensity at 150-250°C.
'GL//GL..

&
o
o
b
>
i
)
r

£ radiation-induced radicale] A== A|FEFHN AR 1@)7HA] A
s, 43 7] ESR signal intensity$} ESR spectra®] WIS #AA3ITt. Az 7]o F
2 ZAME A5 9] intensityS W& (Max intensity : 4095. au)Z e o] A A
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7]17koll w2 ESR signal intensity?] W3S Fig. 260] YeRAATh ZArkd 10 kGy2 ZAME diF
= 1844 (670 E)7FA] cellulose radicale] A E o) 219 (7T7HYE) 3 Alddl= @yzte] 5
AEEo AHE 4= QI%IY;. ESR signal intensity= 77l Ao 7] intensityo]]l W3] F 62% A

= A4S

Fig. 26. ESR signal intensity of gamma-irradiated soybean during the post-irmadiation storage at

ambient dark room.

(th &%

v ZAlE =5 9] photon counts= 0 7 361 PCs, 6 7§ 324 PCs, 12 71 341 PCs & 1}
B}t TH(Table 51). ZAFTE= Z7](0752)o] 499~1348 PCs2 E5F negative %! intermediate Z}-S
Gehiol Az % BEAe) £dol 2 AcE BHHAL A57bsAel e Poth 12749
& & photon counts= Z7] HU} 4&F 7HA4AFH oV, 27]9) nl7A 2 intermediate FES

A &t AT

Table 51. Changes in accumulated photon counts of gamma-irradiated walnut during the

post-iiradiation storage at ambient dark room

Irradiation dose (kGy)

Storage

(month) 0 1 3 5
0 361+1339(-)" 1348+36(M) 1246+135(M) 499+83(-)
6 324451(-) 1402+166(M) 1293£161(M) 1317£127(M)
12 341428(-) 1083+149(M) 1190+£147(M) 1142+126(M)

Y"Means + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.
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(b TL &4 54

ZAHE Tl s A7)zl W& TL signal®] A7 bHAdE BEStAS. Aebd 15
kGy ZAME] tis] 1278E AF F TL glow curveE =339t ZArkd AP 3% TL
intensity 2} A FA| 59| intensity= F 29~44% A= AU THFig. 27). 2B B AL AlR S}
W A o8 24 aiel shelel A5E Aoz UERETh TL rtos WEATE 2T 01
& e, ZAMEE 0.1 o3¢ & vehllo] sl o] 7hEstith(Table 52). 12
Y A7F & TL ratio= 27| BT} 66~89% AT A3 TH TL intensitye} TL ratios ZARA

F7tsle 2SS el i, A 717t we Faste FES JER AT

o
ofr
L
lo
§\1

704 Walnut I 0 kGy
] [ 1 kGy
I 3 kGy
60 CJ5kGy
50
3
&
> 40
i)
c
S 30
IS
—
F 204
10
0+
0 6 12

Storage period (month)

Fig. 27. TL intensity of gamma-inadiated walnut during the post-imadiation storage at ambient dark

room

Table 52. TL ratio of gamma-immadiated walnut during the post-ilradiation storage at ambient dark

room

Storage period TL Irradiation dose (kGy)

(month) parameter 0 1 3 5

0 GL," 27.024 176.81 1000.1 1226.3
GL,” 786.7 620.2 2004.6 1538.2
TL ratio” 0.034 0.285 0.499 0.797

6 GL, 24.369 148.63 884.52 994.63
GL, 1002.6 845.6 2576.3 1863.7
TL ratio 0.024 0.176 0.343 0.534

12 GL, 15.364 85.961 576.36 746.29
GL, 1325.64 514.3 2113.7 1956.7
TL ratio 0.012 0.167 0.273 0.381

YIntegrated TL; intensity at 150-250C.

)Integrated TL, intensity at 150-250°C.
YGLI/GL,
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& JA

v ZAlE #7je] photon counts= 0 7€ 274 PCs, 6 7§ 374 PCs, 12 7§ 357 PCs & 1}
EFJTh(Table 53). ZAFTE Z27](070Q)ol] 10263~43648 PCs2 TS positive ZES LFERJ o] FA}
X ~z7ygo] 7155ttt 12709 #7% & photon countse 7] Ht} oF 1141% A= T4
st ot BS positive S ERN O] 127 ZFo T screeningo] 7}EsFHTE AR B4t

XM #Fo] Z7}84=E PSL intensity= 3 7}3 4t}

Table 53. Changes in accumulated photon counts of gamma-imadiated sesame during the

post-ilradiation storage at ambient dark room

Storage Irradiation dose (kGy)

(month) 0 1 3 5
0 274421() 10263+3525(+) 18379+4716(+) 43648+9367(+)
6 374+101(-) 112321466(+) 17059£2208(+) 31528+8476(+)
12 357+38(-) 9039+1286(+) 18533+3466(+) 25769+5043(+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<T, (+)>Ts.

ZAhE Zlol disl AHF 717kl w2 TL signale] A A dESGH. ek 1-5
kGy ZAM B thsl 1278Y A& F TL glow curve® =AYtk Znbd 2AF A3 9 TL
intensity S} A GA B 9] intensity’= OF 48-60% A= A3 ATHFig. 28). L Bl ZAF A B9}
Al ARHE] AL A7 Flo] 7hEdk Ao UEHT TL ratios HZAME 25 0.1
olate] & UERNALL, ZAFTFE 0.1 ol S el o] REHe] 71535k th(Table 54). 12
MY A & TL ratios 27| BT} 27-44% HE 4o
ZFoll wet Frtets A3 WEbida, A 713l met Faste AFES vl A

=
El

3t} TL intensity®} TL ratios= ZARA
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4000 ] Sesame B 0 kGy
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] I 3 kGy
3500 [ 5kGy

3000
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e

0 6 12

Storage period (month)

Fig. 28. TL intensity of gamma-imadiated sesame during the post-irradiation storage at ambient dark

room.

Table 54. TL ratio of gamma-irradiated sesame during the post-imadiation storage at ambient dark

room

Storage period  TL Irradiation dose (kGy)

(month) parameter 0 1 3 5

0 GL,"” 12.98 2850.7 9142.4 11875
GL,” 1532.7 2301.9 3052 2693.94
TL ratio’’ 0.008 1.238 2.996 4.408

6 GL, 8.612 2036.3 6253.5 8756.8
GL, 2003.6 2056.7 2579.6 3014.9
TL ratio 0.004 0.990 2.424 2.905

12 GL, 5.308 1752.9 4876.7 6751.4
GL, 1876.9 2433.6 2256.7 2742.6
TL ratio 0.003 0.720 2.161 2.462

YIntegrated TL, intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
'GL//GL,

(mhH 2
v ZAlEl Q] photon counts= 0 7§ 330 PCs, 6 7)€ 327 PCs, 12 7H¥ 351 PCs 2 }E}
W TH(Table 55). A= Z7](0752)ol] 15057~44109 PCsE EF positive 32 JERJ o] ZALS
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B 2~3ggo] 7F53tTt 1270 A & photon counts= Z 7] HUF oF 18-38% AHAE A E}
For}, BT positive Fhe UERN O] 127]¥ FA % screeningo] ZFFSEHTH A7 B A
Zo| Z7184= PSL intensity= Z7}3}5 T}

Table 55. Changes in accumulated photon counts of gamma-imadiated wheat 12 month at room

temperature

Storage  Itradiation dose (kGy)

(month) ¢ 1 3 5 10
0 330436(-) 150576997(+) 21406+3130(+) 25900+4756(+) 44109+11750(+)
6 327+43(-) 1451942522(+) 19662+1852(+) 26459:5076(+) 32381£9483(+)
12 351472(-) 9984+981(+) 15924+1103(+) 21112+3287(+) 27334+3469(+)

Y"Means + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

J

ZAbE Do) ths] AR W2 TL signale]l A S #ESATH ek 1-10
kGy ZAM B thal 1278Y A& F TL glow curve® =AYtk Znbd 2AF A3 9 TL
intensity2} A F A5 9] intensity= F 38~47% AT ZASFUTHFig. 29). 2z} v ZAL AlB 9}
H I Al o8] ZAF 7] Flo] sk Ao g UEH. TL ratios H|ZAM= EF 0.1
olate] & UERNNAL, ZAFFE 0.1 o9 s vEhlol Ao 7hestsith(Table 56). 12
N A7F & TL ratio= 27| Bt} 41~79% HAE 743 TE TL intensity®} TL ratios ZARA
Foll met Frhets %S e, A8 713 et Faske BEe vYER AT

Wheat I 0 kGy

10000 [ 1kGy
I 3 kGy
[ 5kGy

8000 - I 10 kGy

6000

4000

2000 I

30-

TL intensity (a.u.)

0 8 12
Storage period (month)

Fig. 29. TL intensity of gamma-imadiated wheat during 12 month at room temperature.
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Table 56. TL ratio of gamma-inmadiated wheat during the post-ilradiation storage at ambient dark

room

Storage period TL Irradiation dose (kGy)

(month) parameter 0 1 3 5 10

0 GL," 10.391 1859.6 4553.1 7323.6 11670.8
GL,” 1412.23 3750.7 48335 2525.4 2310.1
TL ratio”  0.007 0.496 0.942 2.900 5.052

6 GL, 8.004 1454.7 2524.6 3348.7 7453.9
GL, 3006.4 3112.9 35583 1743.8 1879.4
TL ratio 0.003 0.467 0.709 1.920 3.966

12 GL, 2.369 1235.4 1817.4 2429.7 4876.3
GL, 2067.8 31543 2874.4 2013.6 1549.6
TL ratio 0.001 0.392 0.632 1.207 3.147

YIntegrated TL, intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
'GL//GL,

(¥h =7+
H) ZALE 1357}% 9] photon counts:= 0 7H€ 300 PCs, 6 7H¥ 312 PCs, 12 7€ 293 PCs
2 e tH(Table 57). ZAME Z71(071€9)oll 1107~1501 PCs2 X5 negative 7k L}ERY ]

Azx F FEA £Ao] & 7oz AREHAY. 127§1€ A7 & photon counts= Z7] BT} @
3 S7Fet e, 5 kGy ZAFTS] ¢ 7863 PCsE positive ZkS ERH AT}

Table 57. Changes in accumulated photon counts of gamma-irradiated red pepper powder during the

post-ilradiation storage at ambient dark room

Storage  lrradiation dose (kGy)

(month) 0 1 5 10
0 300+98"(-)? 1107+2586(M) 1422+434(M) 1501+384(M)
6 312421(-) 4539+1289(M) 2896+819(M) 3928+2003(M)
12 293+45(-) 3523+840(M) 7863+5739(+) 4419+770(M)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.
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b TL 2454

2AE BEARS B A7) WE TL signals] A% HPHe wASGT gob

1~10 kGy

TL intensity9} A ZA] &5 2] intensity=
Al ARE] AL of R #Qle] ThE3h
0.1 olshel ghe VIR, ZAEE 0.1 o]k
z7] Bt} 41~86% AE 743U TL intensity} TL ratiow=

SF Wl

1271 A%

2 TL ratio=

Aol Wk S AFL

Fig. 30. TL intensity of gamma-irradiated red pepper powder during the post-irradiation storage

ambient dark room
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404
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a1, A% 717t

A RO tisf 1270 A F TL glow curveE =
oF 34-43% AE ZA
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Storage period (month)

bol whel Hashe

I 0 kGy
[ 1kGy
I 5 kGy
[0 10kGy

ol 7 L= R e R N
sl th(Fig. 30). 22} H]ZA} A
Aoz Yehdth TL ratio=
e JERg o 3ol

B ZALT
7}5 514 TH(Table 58).

Ae eyt

SEX

=

At

L =
1___]_?__“]“

ZA}

at

Table 58. TL ratio of gamma-irradiated red pepper powder during the post-imadiation storage at

ambient dark room

Storage period  TL

Irradiation dose (kGy)

(month) parameter 0 1 5 10

0 GL," 124.9 46020 92450 135130
GL,” 23997 95360 151960 143280
TL ratio” 0.005 0.483 0.608 0.943

6 GL, 86.7 37460 75417 100527
GL, 13597 121476 145068 155206
TL ratio 0.006 0.308 0.520 0.648

12 GL, 52.6 28745 55148 88563
GL, 20057 103574 154653 175932
TL ratio 0.003 0.278 0.357 0.503

YIntegrated TL; intensity at 150-250C.
)Integrated TL, intensity at 150-250°C.

YGLI/GL,
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1 57}FE radiation-induced radicalo] WAE = A|FHEH W A7 13@)71A]
A dslE, 4343 F7]2 ESR signal intensity®} ESR spectra®] W3}E TSt A z7]d
A AZQ 10 kGy2 ZALE A|59 intensityE ®E -8 (Max intensity : 4095. a.u)E JERN O]
A #7]7ke] w}E ESR signal intensity®] W3}=S Fig. 310 VeERASTH @ukA 10 kGy2 ZAFE
I 2514 @B7/ND)7HA] cellulose radicale] #H&EE| o}, 272U (971YE) =4 Alodl= #rzto]
2S5 AdEo #HE £ ¢t ESR signal intensity= 87f¥ Ao Z 7| intensityel] W]3| <F

60% AE 7FA3IYT).

Fig. 31. ESR signal intensity of gamma-imadiated red pepper powder during the post-irradiation

storage at ambient dark room.

*h BRENYE

v ZA}

)

H 3tz w24 Z 9] photon counts= 0 7 389 PCs, 6 7§ 315 PCs, 12 7§ 333
PCs 2 EPGTHTable 59). A= Z7](07H-)ell 3720292~10618110 PCsZ EF positive =
Uetlo] AR 2ol 7hsatith 1270 A7 ¥ photon counts= Z7] Hrt
46-54% AE 7AstF o), BT positive ZHS ERH O] 1279 F o T screeningo] 7}53FS T}

A7\ B Aol Z7184= PSL intensity= Z7}sFH T},

2
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Table 59. Changes in accumulated photon counts of gamma-irradiated complex seasoning during the

post-ilradiation storage at ambient dark room

Irradiation dose (kGy)

Storage

(month) 0 1 5 10
0 389+97(-) 3720292+1262073(+) 6252785+4199797(+) 10618110+4329238(+)
6 315+72(-) 2794704+1359288(+) 4393129+1001834(+) 7592772+894152(+)
12 333+46(-) 1707561+£651921(+) 3023361+308043(+) 5723621+1076288(+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ta, (+)>Ts.

h) TL 2454

ZAME BEgtza|AEd ts] A 7|7kl W2 TL signald] HF FAHS BEsGTh Pk
A 1~10 kGy AR & sl 1270 A7F & TL glow curveE Z33tth. ek A 2%
o] TL intensity®} *FA B9 intensitys °F 32~56% BE 7ZrAstArhFig. 32). 2@} H]ZA}
Az et vl Al o8] AL 79 Bglo] 7hagk Ao 2 UEHT. TL ratios H|ZAMTE B
F 0.1 olake] e WERAL, ZARFE 0.1 o] g vreEhio] REHe] 7hsdt i Th(Table
60). 127§¥ #*& & TL ratios Z7| HTF 62~86% AE 743ttt TL intensity$} TL ratios=
Aol mhet FTkske AEES JER AR, A7 wEt dasts A EFe JER AT

800 — . 0kG
Complex seasoing E 1 kG§
I 5 kGy
10 kGy
600
S 400
s
2
2
IS 200
£
—
|_
14
0 L
0 6 12

Storage period (month)

Fig. 32. TL intensity of gamma-irradiated complex seasoning during the post-irradiation storage at

ambient dark room.
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Table 60. TL ratio of gamma-imadiated complex seasoning during the post-ilradiation storage at

ambient dark room

Storage period  TL Irradiation dose (kGy)

(month) parameter 0 1 5 10

0 GL,"” 48.23 410.6 788.3 1378.5
GL,” 915.51 159.7 225.1 291.9
TL ratio” 0.053 2.571 3.502 4.723

6 GL, 35.69 3573 559.61 1005.74
GL, 711.2 211.4 187.6 246.3
TL ratio 0.050 1.690 2.983 4.083

12 GL, 21.47 217.4 416.78 745.62
GL, 876.3 253.7 315.7 369.52
TL ratio 0.025 0.857 1.320 2.018

YIntegrated TL; intensity at 150-250C.

?Integrated TL, intensity at 150-250°C.
'GL//GL,

At AL B3z n] A2 radiation-induced radicalo] WA EE AH(HW AF7E 1)
A AASH, A3 e F7]2 ESR signal intensity$} ESR spectra®] W3S #TESIHT. A%
ZALE AR5 9] intensityE -8 (Max intensity : 4095. au.)2 }E}

o] A A7]7kell w2 ESR signal intensity®] W3S Fig. 339 YeERA AT #etkA 10 kGyE =
AlEl Bz oA Ee B Ao A3 A AAA7|ZEA 1271 € (364€)7HA] crystalline sugar
radicalo] #ZE Tt Bz u|AFo vkl fFF7I3ko] o/ e~1270 2 de et o xA}

H BzxnAELs §E78714 o] 7bssitt #erE itk ESR signal intensityw 1271

Aol Z7] intensityol] B]3] °F 63% HAE A3}

Fig. 33. ESR signal intensity of gamma-imadiated complex seasoning during the post-irradiation

storage at ambient dark room
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FAF TF(ID, BF, UF, L3R, g, WA, E¥xznAHe ARATE 2HE R
ZAPI T PSL counts?] JHBAE EAIAT. JHBAE 13 4 222 e

=

o, ZHATE Tt B} FFAF dS7teAES AU TH(Table 61). 7Hnkd ZAME
g2, &5, 1571529 photon countsi= PSL threshold value$! 5,000 PCs ©]3&}e] ke 2 1vleht
PSL w7 o} ZAPARTEY BAZE 2A @& 2o 2 wdEgen, 4uud =247 X
AT W2 98 ATyl BEE A FUTHR™=0.2843~0.6230). ¥FH OF, W, F 2 =
T Zu] 4] F-2 PSL threshold value 7|0l E & 8 olue}, A&#AA GA] wl-¢& Zof follA
EZH FFE o8l FFAEY dFo] 73 AR JHEEHATH

Table. 61. Correlation coefﬁcients(Rz) between imadiation dose and PSL counts in gamma-imradiated

agricultural products during storage

Regression expressions and coefficients

Storage - :
Sample b Linear Polynomial
(month) Mathematical fit Coefficients Mathematical fit Coefficients
0 y = 288.36x + 1517. 3Y Rz = 03702 y = -67. 497x* + 778.45x + 1165.1 R? = 0.4386
Carrot 6 y = 31439x + 14914 R? = 0.5039 y = -131.63x% + 1270.1x + 804.62 R? = 0.8021
12 y = 201.83x + 926.22 R? = 0.5454 y = -34.142x% + 449.73x + 748.09 R? = 0.5981
0 y = -12.915x + 892.56 R2 = 0.0032 y = -156.64x> + 775.58x + 489.02 R2 = 0.8670
Walnut 6 y = 142.93x + 762.49 R? = 0.3886 y = -96.158x> + 626.98x + 514.76 R2 = 0.7103
12 y = 129.73x + 647.28 R? = 0.5147 y = -79.452x* + 529.68x + 442.59 R? = 0.8678
0 y = 9982.4x + 8368.1 R2 = 0.9432 y = -812.19x* + 18049x + 315.02 R2 = 0.9822
Soybean 6 y = 5431.3x + 8236.1 R? = 0.8631 y = -731.78x> + 12700x + 980.27 R2 = 0.9610
12 y = 4200.7x + 4192.1 R2 = 09150 y = -141.38x% + 5604.9x + 2790.3 R2 = 0.9215
Red 0 y = 95.274x + 701.4 R? = 0.6230 y = -21.343x% + 309.39x + 517.24 R? = 0.8333
e
6 y = 187.1x + 2170.4 R2 = 0.2078 y = -34.496x" + 533.17x + 1872.8 R? = 0.2553
epper N
pepp 12 y = 365.08x + 2564.3 R? = 0.2843 y = 4E-05x" + 4.7734x - 1198.9 R2 = 0.7293
= .6x + = 0. = - 34x7 + Ix + . = 0.
0 y 3885.6 6595 R2 0.9295 y 193.34x% 5855.9 4327.9 R? 0.9492
Wheat 6 y = 2784.8x + 8087.7 R2 = 0.8072 y = -392.14x% + 6781.2x + 3489.4 R? = 0.9448
12 y = 2434.2x + 5686.5 R? = 0.8638 y = -296.06x° + 5451.4x + 2214.9 R? = 0.9736
0 y = 8160.7x-220.68 R2 = 09519 y = 963.7x* + 3309.6x + 2262.1 R2 = 0.9762
Sesame 6 y = 5736.8x + 2140.9 R? = 0.9602 y = 12.284x> + 5674.9x + 2172.5 R2 = 0.9602
12 y = 4926.3x + 2340.7 R2 = 09715 y = -577.03x> + 7831x + 854.14 R2 = 0.9958
C I 0 y = 948371x + 0.000001 R? = 0.9344 y = -39984x* + 0.000001x + 0.000001 R? = 0.9456
omplex N
P. 6 y = 670393x + 1E+06 R? = 0.9245 y = -25624x" + 927459x + 792547 R? = 0.9335
seasoning s
12 y = 520018x + 533641 R? = 0.9586 y = -7497.1x" + 595232x + 468948 R2 = 0.9599

YX: irradiation dose, y: photon counts
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(h) A7g717ke] @2 PSL counts 54

FAE 1RPE, 2F, U 1EE, B, A, BRza4E)e 4347 2A9s uige
7]7t5} PSL counts?] A#ABAS A3t ABBAL 13 F42 VehQond, A
YAFE Tohel ARES FLAF S5 E FASTHTable 62).

i
2
2

B[}Y

Table. 62. Correlation coefﬁcients(Rz) between storage period and PSL counts in imadiated

agricultural products

Dose Gamma ray
Sample
(kGy) Mathematical fit Coefficients
1 y = -123.97x + 3435.6" R? = 0.9888
Carrot 3 y = -59.611x + 2546.7 R? = 0.2018
7 y = -94917x + 3568.4 R? = 0.8213
1 y = -22.111x + 1410.2 R? = 0.6024
Walnut 3 y = -4.6667x + 1270.9 R? = 0.2967
5 y = 53.639x + 664.39 R2 = 0.5580
1 y = -434.86x + 12979 R? = 0.9950
3 y = -2510.1x + 55087 R? = 0.9989
Soybean
5 y = -4351.1x + 78491 R? = 0.9817
10 y = -4549.3x + 96095 R? = 0.8774
1 y = 201.36x + 1848.5 R? = 0.4695
Red 5 y = 536.75x + 839.72 R? = 0.9107
pepper
10 y = 243.17x + 1823.8 R? = 0.8720
1 y = -422.75x + 15723 R? = 0.8285
3 y = -456.81x + 21738 R? = 0.9578
Wheat
7 y = -398.97x + 26885 R? = 0.6634
10 y = -1397.9x + 42996 R? = 0.9498
1 y = -102x + 10790 R? = 0.3101
Sesame 3 y = 12.861x + 17914 R? = 0.0091
5 y = -1489.9x + 42588 R? = 0.9595
1 y = -167728x + 4E+06 R? = 0.9979
Compl.ex 5 y = -269119x + 6E+06 R? = 0.9924
seasoning
10 y = -407874x + 1E+07 R2 = 0.9817

UX: storage period, y: photon counts
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Ak ZAE FAEF 7TEAA FEAS EF8k 03~05 mgs TL SH3 23 ZAMAF
o] wa} TL intensity’} §Foz Z7hstgtt. ZAALR)E B2 0.7093~0.8%41, 35
8416~9641, ™% 0.9152~0.9929, iLZ7}5 0.9709~0.9788, = 0.9191~0.9666, Z7] 0.8331~0.9235,
BalzuAE 0.8325~0.92962 2 V}EFTH(Table 63).

Table. 63. Correlation coefficients(R’) between irradiation dose and TL intensity in gamma-imadiated

agricultural products during storage

Regression expressions and coefficients

Storage : .
Sample Linear Polynomial

(month)

Mathematical fit Coecfficients Mathematical fit Coefficients

0 y = 30.452x + 57.757" Rz = 0.8173 y = -5.5995x> + 71.109x + 28.542 R? = 0.9106
Carrot 6 y = 22x + 54 R? = 0.7093 y = -6.5538x> + 69.586x + 19.806 R? = 0.9217

12 y = 21.443x + 32.53 R? = 0.8941 y = -3.2339x% + 44.924x + 15.658 R? = 0.9628

0 y = 9.9831x + 18.288 R? = 0.9641 y = -0.1294x* + 10.634x + 17.955 R? = 0.9644
Walnut 6 y = 7.3559x + 13.949 R* = 0.8666 y = -1.8781x> + 16.81x + 9.1106 R? = 0.9699

12 y = 5.7627x + 11.034 R? = 0.8416 y = -1.2186x> + 11.897x + 7.8945 R? = 0.9105

0 y = 310.87x - 184.47 R? = 0.8129 y = 49.066x> - 176.46x + 302.03 R? = 0.9395
S()ybean 6 y = 233.14x - 151.17 Rz = 0.7823 y = 39.67x* - 160.88x + 242.17 R? = 0.9239

12 y = 136.86x - 26.195 R? = 0.8596 y = 15.968x* - 21.743x + 132.13 R? = 0.9327

0 y = 721.29x + 581.34 R? = 0.9709 y = -46.332x* + 1186.1x + 181.54 R? = 0.9979
Red 2

6 y = 541.32x + 401.21 Rz = 0.9788 y = -28.531x" + 827.55x + 155.01 R? = 0.997
pepper

12 y = 416.03x + 365.87 R? = 0.9729 y = -23.524x* + 652.03x + 162.88 R? = 0.9938

0 y = 979.01x + 931.38 R? = 0.9666 y = -58.762x” + 1577.9x + 24233 R? = 0.9965
Wheat 6 y = 712.67x + 818.65 R? = 0.9401 y = -58.248x> + 1306.3x + 135.62 R? = 0.9941

12 y = 527.44x + 666.74 Rz = 09191 y = -53.055x> + 1068.1x + 44.611 R? = 0.999

0 y = 864.03x + 270.42 R? = 0.9231 y = -165.25x% + 1695.9x - 155.31 R? = 0.9849
Sesame 6 y = 650.49x + 116.64 R? = 0.8331 y = -158.42x* + 1448x - 291.5 R? = 0.9235

12 y = 451.88x + 85.017 R? = 0.9235 y = -75.619x% + 832.54x - 109.8 R? = 0.9708

0 y = 63.516x + 158.19 R? = 0.8325 y = -6.9952x* + 133.69x + 97.824 R? = 0.9004
Complex )

i y = 49.323x + 96.21 R? = 0.8834 y = -5.506x" + 104.56x + 48.698 R? = 0.9575

seasoning

12 y = 46.71x + 66911 R? = 0.9296 y = -4.2451x% + 89.297x + 30.28 R? = 0.9812

YX: irradiation dose(kGy), y: TL intensity(a.u.)
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Aok 2AME BAF EOIA %

of wa TL

ratio’} F-ojF oz

7Fsk Tt
0438~9810, ™5 0.9139~0.9751, L=7}F 0.7902~0.8372, & 0.9734~0.9808, 27 0.9251~0.9894,

glste] 0.3~0.5 mge TL =A3F A3} A=

AAGASFR)E ZFE 0.8378~0.8701, BF

Bl zu]AE (.7844~0.8896.2 2 L}EFITH(Table 64).

Table. 64. Correlation coefﬁcients(Rz) between imadiation dose and TL ratio in gamma-irradiated

agricultural products during storage

Regression expressions and coefficients

Storage . .
Sample Linear Polynomial

(month)

Mathematical fit Coefficients Mathematical fit Coefficients

0 y = 0.1276x + 0.1813" R? = 0.8378 y = -0.0305x> + 0.3493x + 0.0221 R? = 0.9995
Carrot 6 y = 0.1045x + 0.1162 R? = 0.8466 y = -0.0239x> + 0.2778x - 0.0083 R? = 0.9959

12 y = 0.0947x + 0.0892 R? = 0.8701 y = -0.0196x” + 0.2371x - 0.0131 R? = 0.9960

0 y = 0.069x + 0.0529 R? = 0.9438 y = -0.0095x> + 0.117x + 0.0283 R? = 0.9767
Walnut 6 y = 0.0984x + 0.048 R? = 0.9898 y = -0.0044x> + 0.1206x + 0.0366 R? = 0.9935

12 y = 0.1446x + 0.0785 Rz = 0981 y = -0.0062x> + 0.1758x + 0.0626 R? = 0.9842

0 y = 0.1918x + 0.0841 Rz = 0.9751 y = -0.0082x> + 0.2729x + 0.0032 R? = 0.9862
Soybean 6 y = 0.2735x + 0.073 R* = 0.9139 y = 0.0041x> + 0.2332x + 0.1132 R2 = 0.9151

12 y = 0.3334x + 0.0598 R? = 0.9591 y = 0.0008x> + 0.3258x + 0.0674 R? = 0.9591

0 y = 0.0604x + 0.119 R? = 0.7902 y = -0.0131x” + 0.1551x + 0.0509 R? = 0.9148
Red 2

6 y = 0.0809x + 0.1481 R? = 0.7984 y = -0.0209x" + 0.2324x + 0.0393 R? = 0.9777
pepper

12 y = 0.1148x + 0.194 R? = 0.8372 y = -0.0194x* + 0.2555x + 0.0929 R? = 09177

0 y = 0.3081x - 0.0952 R? = 0.9734 y = 0.0157x> + 0.1477x + 0.0894 R? = 0.9953
Wheat 6 y = 0.3982x - 0.1 R? = 0.9808 y = 0.0108x> + 0.2881x + 0.0267 R? = 0.987

12 y = 0.5196x - 0.0952 R? = 0.9743 y = 0.0007x> + 0.5123x - 0.0867 R? = 0.9743

0 y = 0.5074x + 0.1949 R? = 0.9251 y = -0.1107x* + 1.1377x - 0.01 R? = 0.9998
Sesame 6 y = 0.5802x + 0.2753 Rz = 09373 y = -0.0643x* + 1.1915x + 0.0442 R? = 0.9993

12 y = 0.8679x + 0.2098 R? = 0.9894 y = -0.1014x” + 1.0178x - 0.0664 R? = 0.9927

0 y = 0.3583x + 0.7686 R? = 0.8801 y = -0.0375x" + 0.7347x + 0.4448 R? = 0.945
Complex )

. y = 0.1735x + 0.3608 R? = 0.8896 y = -0.0125x" + 0.2986x + 0.2532 R? = 0.9205

seasoning

12 y = 0.3857x + 1.1693 R? = 0.7844 y = -0.0462x> + 0.8489x + 0.7709 R? = 0.8600

YX: irradiation dose(kGy), y: TL ratio
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(h A7kl 2 TL £ 454

WA ZAME A F TEoA FEES EEstY 03~05 mgs TL 8% 23 A7
of wat TL intensity’} ooz Zastgrh. #@robd 2AAEY ARAFR)E T2
0.7093~0.8941, Z5F 0.8416~0.9641, THF 0.9152~0.9929, LZ=7}F  0.9709~0.9788, =
0.9191~0.9666, 27l 0.8331~0.9235, B-gz2n| A& 0.8325~0.92962. 2 e, AR ZAMA &
o AAATE FZ 0.7093~0.8941, ZF 0.8416~9641, THF 0.9152~0.9929, LEI}F
0.9709~0.9788, & 0.9191~0.9666, 7 0.8331~0.9235, B3z m|4E (.8325~0.9296°. 2 L}E}GETH
(Table 65).

Table. 65. Correlation coefficients(R’) between storage period and TL intensity in imadiated

agricultural products at different doses

Dose Gamma ray
Sample
(kGy) Mathematical fit Coefficients
1 y = -5.0833x + 139.5" R? = 0.9802
Carrot 3 y = -4.8333x + 17433 R® = 0.9372
7 y = -6.8333x + 246.33 R? = 0.8818
1 y = -0.8333x + 33.667 R? = 0.9868
Walnut 3 y = -1.3333x + 46 R? = 0.9552
5 y = -2.5833x + 66.833 R? = 0.9446
1 y = -14x + 359 R? = 0.9592
3 y = -16.667x + 576.67 R? = 0.9690
Soybean
5 y = -38.417x + 974.5 R? = 0.9152
10 y = -169.58x + 3681.5 R? = 0.9929
1 y = -44.583x + 1487.2 R? = 0.9316
R
ed 5 y = -176.42x + 4776.8 R? = 0.9728
pepper
10 y = -256.58x + 7327.8 R? = 0.9879
1 y = -83.5x + 2054.3 R? = 0.9437
3 y = -131.75x + 4381.5 R? = 0.9223
Wheat
7 y = -214.58x + 6536.8 R? = 0.9551
10 y = -394.75x + 10028 R? = 0.9921
1 y = -53.417x + 953.83 R? = 0.7664
Sesame 3 y = -149.67x + 3740 R? = 0.9756
5 y = -167.75x + 4046.2 R? = 0.9801
1 y = -20.333x + 721 R? = 0.8881
Complex
. 5 y = -15.583x + 529.83 R? = 0.9438
seasoning
10 y = -16.917x + 344.5 R? = 0.9423

VX storage period, y: TL intensity (a.u.)
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HAb ZAME A E 7EAA FEAL BEste] 03~05 mge TL A3 Az AT
of we TL ratiort felFHez HastATh #Hekd AR ARALR)E ¥
0.8997~0.9737, &5 0.8045~0.9767, TS 0.8618~0.9621, I=7}F 0.8599~0.9714, H
0.9227~0.9935, 7] 0.9099~0.9994, E-3+Z w2 & (0.8325~0.99972. 2 1}E}ETH(Table 66).

Table. 66. Correlation coefficients(R®) between storage period and TL ratio in imradiated agricultural

products
Dose Gamma ray
Sample (kGy) Mathematical fit Coefficients
1 y = -0.0148x + 0.3375" R? = 0.8997
Carrot 3 y = -0.0211x + 0.7763 R? = 0.9737
7 y = -0.024x + 0.951 R? = 0.9389
1 y = -0.0098x + 0.2683 R? = 0.8045
Walnut 3 y = -0.0189x + 0.4847 R? = 0.9551
5 y = -0.0347x + 0.7787 R? = 0.9767
1 y = -0.1319x + 3.6322 R? = 0.9609
3 y = -0.005x + 0.2625 R? = 0.9621
Soybean 5 y = -0.0481x + 1.5186 R? = 0.9015
10 y = -0.0522x + 1.9595 R? = 0.8618
1 y = -0.0171x + 0.4587 R? = 0.8599
Red 5 y = -0.021x + 0.6208 R? = 0.9714
peppet 10 y = -0.0366x + 0.9179 R? = 0.9621
1 y = -0.1588x + 5.0076 R? = 0.9935
y = -0.0087x + 0.5037 R? = 0.936
Wheat 7 y = -0.0258x + 0.9161 R? = 0.9227
10 y = -0.1411x + 2.8557 R? = 0.9918
1 y = -0.0432x + 1.242 R? = 0.9994
Sesame 3 y = -0.0695x + 2.9442 R? = 0.9565
5 y = -0.1622x + 4.2313 R? = 0.9099
1 y = -0.1428x + 2.5631 R? = 0.9997
Compl'ex 5 y = -0.1818x + 3.6926 R? = 0.9161
seoning 10 y = -0.2254x + 4.9603 R? = 0.9151

VX storage period, y: TL ratio
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Al 2)ZE R Ao 73l radical®] ESR signal intensity= HFAFA ZAL2AEF 2] o
3 AA 7 vt 524E 7Z 9 A] radiation-induced radicale] WAE 4=

o] NEE Adstd AgE AMF F 7HE =

intensity 9} A&7 7k7 o] AAAL EASHUTE A 7|7k whel radiation-induced radical®] &

= astgen, 2ZRAASE @2 09524, thE 0.9734, 57 09456, Egtxn0]4E 0.9575

2 el th(Table 67).

2 AFge g ZAIZE A|RE A7stHA] signal

Table. 67. Correlation coefficients(R") between storage period and ESR intensity in gamma-irmadiated

agricultural products at different doses

Regression expressions and coefficients

Dose ] .
Sample Linear Polynomial

(kGy)

Mathematical fit Coefficients | Mathematical fit Coefficients

Carrot 7 y = -0.2651x + 88.097" R*> = 09524 |y = 0.0005x% - 0.3932x + 92.326 R = 0.9705
Soybean 10 y = -0.2482x + 84.905 R*?=09734 |y = 0.0004x> - 0.3292x + 87.099 R = 0.9809
Red pepper 10 y = -0.207x + 87.376 R? = 09456 |y = 0.0006x> - 0.3798x + 93.804 R> = 0.9968
Complex seasoning 10 y = -0.1759x + 92.209 R*?=09575 |y = 0.0003x* - 0.2841x + 97.832 R2 = 0.9861

UX: storage period, y: ESR intensity (a.u.)

|S2do] sl HB7tede syl st thd ARl e

NEl EAEe] g 2 Mo wE PSL calibration Z7E ulglo @ Zubd ZAlH
F, 2, EgzvAE §54AFE 522 5Flth(Table 68). 4 kGy A g 74
L= s

N
e

A & 543 A3}, 45997 PCs #e UERGle™, o] ZhE& calibration 4]& F3 o
7} linear 3.77, polynomial 2.9-3.0 kGy® EGT 2 9] 3 kGy ZAMA|E+= linear 2.05,
polynomial 1.7-1.8 kGyZ YEe ™, 1 kGy FAMA &= linear 0.75, polynomial 0.8-0.9 kGy=Z
dE&= ot Arkd Z2AME 2o S5 o= 23, 5 kGy ZAMFOA] linear 2.86, polynomial
2425 kGy2 Jeh} ex7t =A JERgEe}, 7 kGy$t 2 kGye 22 6.3-7.02 kGy, 1.3-1.4
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Table 68. Estimation of the original dose in agricultural products using PSL calibration fits

Actual condition Estimated dose (kGy)
Sample PSL counts
Dose (kGy) Storage (day) Linear Polynomial
45997+5972" 4 74 3.77 2.9-3.0
Soybean
28806+2278 3 250 2.05 1.7-1.8
15808+8823 1 166 0.75 0.8-0.9
Wheat 17708+1823 5 74 2.86 2.4-2.5
33882+11257 7 250 7.02 6.3-6.4
12041+3396 2 166 1.40 1.3-1.4
. 5535652+4444199 4 74 5.84 5.9-6.0
Complex seasonings
618177+4341 1 250 2.71 1.6-1.7
6902319+3288797 5 166 7.28 9.5-9.6

YMeans + S.D. (n=3).

AFe d5=22 st tFe TL 8423, TL
intensity = 1 kGy 96.0 a.u, 3
S o]gste] HFS
AbEl "o | kGy ZA
(=, FE)5e] LE2A @S AP A A 7|d% Ao AdHAT. uxTMFe] FFAAH
d & A3}, 4 kGy FAFF linear 8.59, polynomial 8.1-8.2 kGyZ e} S}, 1 kGyet 5 kGy
ZAFTS] A9 linear 047, 533 kGyZ e} AA|Me 71718 X2 BRAFUTh. B =1

AF dEHAFL DA, 9 kGy) &2 A A¢ Al dF 2 2olg Eien, AAd

oA
Z(3 kGy)o.2 FALH B¢ olF FAISE o =3Zk(linear 3.39, polynomial 2.3-2.4 kGy)e & v}e}S:

-
Q

<
—_
\®)
=
N

t}. Linear model®} polynomial model 7+e] o =37kS w|wstH, 2 kGyolste] AHAHY H$
polynomial Edle] HI w7}  =9kal ZAMA o] 4 kGyo|Ato]™ linear model®] HE =7} T
=2 ZloE FoEH
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Table 69. Estimation of the original dose measuring in agricultural products using TL intensity

calibration fits

Actual condition Estimated dose (kGy)
Sample TL intensity (a.u.)
Dose (kGy) Storage (day) Linear Polynomial
Soybean 1274.5+71.4" 4 74 4.69 6.5-6.6
948.5+34.6 3 250 3.64 5.8-5.9
96.0+14.1 1 166 0.90 2
Wheat 3847.5+398.1 5 74 2.98 2.5-2.6
5122.5+570.6 7 250 4.28 3.6-3.7
2222.0+673.2 2 166 1.32 1.3-1.4
Red pepper 6775.5+1523.8 4 74 8.59 8.1-8.2
921.0+£294.2 1 250 0.47 0.6-0.7
4426.0+462 .4 5 166 5.33 43-44
Complex seasonings 296+63.6 7 74 2.17 1.6-1.7
1104.5+72.8 9 250 14.90 -
373.5+53.0 3 166 3.39 23-24
YMeans + S.D. (n=2).
“not available
e FEAL TL B8] A& TL ratio & o83+ = 4FE 73 A3 4 kGy ZA}

T-= linear 5.02 kGy, polynomial 4.4-4.5 kGyZ e} O™, 3 kGy FA}= linear 3.46 kGy,
polynomial 2.9-3 kGy, 1 kGy ZA}T-E linear 0.73 kGy, polynomial 0.8-0.9 kGy® v}eh} A A A
2l FASE ke z Vel 2 TL ratio B4 ZA#, 5 kGy FAME linear 3.09 kGy,
polynomial 3.7-3.8 kGy® e} eH, 7 kGy ZAFFE linear 9.74, polynomial 9.6-9.7 kGy, 2
kGy ZA}T-= linear 3.73 kGy, polynomial 4.4-4.5 kGyZ e}t 157152 TL ratio A2
7}, 4 kGy ZAFT= linear 7.40 kGy, 1 kGy ZA}T-= linear 2.72, polynomial 1.7-1.8 kGy, 5 kGy
F A= linear 5.21 kGy, polynomial 3.5-3.6 kGy=Z W E}TE E3HZ 0|4 E9o] TL ratio 2472
7, 7 kGy FAFFt= linear 5.02 kGy, polynomial 3.5-3.6 kGyE WES ™, 9 kGy FAIT=
linear 8.51, polynomial 7.3-7.4 kGy, 3 kGy ZA}T-= linear 4.65 kGy, polynomial 3.2-3.3 kGy=Z
et TL ratio oS 2d HA| 3 kGyole] A %Y -9 polynomial model®] HE =7}

E9ko ™, 5 kGyo|d+d 7Z-¢ linear model®] B =7} ¥ =7 vERSTH Kwon 5(23)2 2}
Zof th3l| linear, quadratic, asymptotic mathematical fit®. 2 A3t Az AA AT b A=
AR g, AFHQ FLAdFe] vpssittn st B Ag AT fALE Az

E
D'Oca 5(24,25)-> TL ratio calibrationg F3 FFAZe] o Fo] 7hsslrta Bagk vb ot
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Table 70. Estimation of the original dose measuring in agricultural products using TL ratio

calibration fits

Actual condition Estimated dose (kGy)

Sample TL ratio
Dose (kGy) Storage (day) Linear Polynomial
Soybean 1.046+0.140" 4 74 5.02 4.4-4.5
0.748+0.051 3 250 3.46 2.9-3
0.225+0.168 1 166 0.73 0.8-0.9
Wheat 0.857+0.140 5 74 3.09 3.7-3.8
2.906+0.080 7 250 9.74 9.6-9.7
1.054+0.085 2 166 3.73 4.4-45
Red pepper 0.56620.077 4 74 7.40 2
0.283+0.102 1 250 2.72 1.7-1.8
0.433+0.109 5 166 5.21 3.5-3.6
Complex scasonings 2-566£0.067 7 74 5.02 3.5-3.6
3.817+0.994 9 250 8.51 7.3-7.4
2.435+0.454 3 166 4.65 3.2-33
YMeans + S.D. (n=2).
’not available
4. FATLERAE ] QAR/FEZO] W2 marker 7712 2 ESR signal 54 3¢ 2 D/B3}
7 AR
ZAME Qo] WEEHL obiy] Sstel S wae AuA G utE BESHH A
Hdel we 548 B 1A F43 37, HE, FLE 4] 02 A Aatd
ST WRMES AH§e] PSL TL BESHL BAHEOM, 4 FrAGNA G
4~6\dZ TS ol&std Aul 7|t e ESR FA54ES AHEUT
(1) AEA w2 Q4o AE marker F-713 54 <

b PSL £ 454
77 BAA el BhE Fik 5ET W 5o thstel PSL S AASSTh Table 719)
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ATte} o] F£ake] AL H] ZAAEE 1694~7095 PCsE 700~5000 Ato]e] E37+zkS ERA S
o} ZAbE A|EE 91005~3304958 PCs® 5000 o]4re] <ke] gk veEhfo] 2Al o R wE
PCs 3kl zlole =LA Yot H] ZAMA|E A threshold value®] 71ER|E Jo]A A Eo| o

#go] gk WAS B A E A9 307~335 PCs9] zte= e} 700 olste] L9 gk
S R ZAMAEE 9047~100294 PCsE ko] kS UlERfo] ZAMAE 9} H] ZAMAE
o] zpol7} BT

Table 71. Photo-stimulated luminescence measurement for imradiated fresh ginsengs at different

producing area

Producing Irradiation dose (kGy)

area 0 1 3 7

Punggi 4029 + 1398 (M) 91005 + 3686 (M) 1003948 + 23434 (M) 557332 + 34384 (M)
Geumsan 1694 + 1227 (M) 304958 + 117349 (M) 594029 + 98588 (M) 738401 + 23783 (M)
Gimpo 7095 + 3429 (+) 398402 + 55661 (M) 1212465+ 70932 (+) 3304958 + 10838 (+)
Gangwon 3948 + 1221 (M) 248396 + 67224 (+) 475061 + 54791 (+) 1004856 + 47695 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<T, (+)>Ts.

JRE S A AN AMHE o2 A EFFETAol i Fhs] Tio Wl
dE F0gel UEd AR Bel AW, YiSQ)e WA SAE whle 4z 23T 73

PSL threshold valueE ¥€yty o g w3t qt

o o

4¢ 2 2ste 1410 meg FHUL

=
G H ZARA BN E T3 o] PCsE YEH

Table 72. Photostimulated luminescence measurement for imradiated white ginsengs at different

producing area

Priducing Irradiation dose (kGy)

area 0 1 3 7

Punggi 318 £ 98 (-) 22756 + 2586 (M) 44129 + 434 (M) 75048 + 384 (M)
Geumsan 307 £ 17 (-) 50980 + 1529 (M) 77392 + 988 (M) 94037 + 283 (M)
Gimpo 335 £ 9 () 33486 + 3561 (M) 100294 + 7092 (+) 77496 + 10838 (+)
Gangwon 314 £ 21 (-) 9047 + 3724 (+) 13744 + 5479 (+) 68039 + 7496 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ta, (+)>Ts.
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o

A RE A FHAA FAEFAE TSt 7 kGy7bA| FTEC] dem E A A
AAl 1~7 kGy7tA] ZAFS TL BE S-S Gkt 50 g9 47 100 go] #WAE  o]&
3t 0.2 mge] mineralS &3t 4] TL glow curved] FEjE B XA} A8 HS
0ColEHEH A% F7I8tH o™ intensity= wl-¢- EkTh(Fig. 34). ¥k ZAMA RS A9 F7]
L 175~195C, FAFFL 200~220C, 7442 200~210C, ZEAFL 180~200T & 2= 99
7HE =& peakE UERJ O] ZH7] T2 glow curveE UERASITE WA TL glow curves H]
A B A 4T AR al B FE R Sl glow curveZl WERAA] tTH(Fig.
35). ZAMIR Y] A$ E714He 195-200C, FAHFE 195-220C, ZHUAHS 185-200C, 7 EARS
195~200C 2] 2= elellA 71 &L peakE VROl F43 W4k AR BA glo] BF
ZAMA B o} B ZAMA B FEo] FEstU T Autio®} Pinnioja®] ZATbo] oJEH hEE EgC
ZRE f#HE mineralE quartzol] 3 feldspard] ZA¥)7F L4548 UL & peakE Ve

> O

>

B

o) 1 3 QO -Ho 1 Hvo] = loE| o3 o ky)
ot stgom 2 Ao VEld 22999} intensity?] zfo] HA] o]of] 7]Q1% Fo 2 FTHE]
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Fig. 34. Typical glow curves of minerals separated from gamma-iiradiated fresh ginsengs.
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Fig. 35. Typical glow curves of minerals separated from gamma-irradiated white ginsengs.

TL intensity= 42 F 7|4 WAL 7FdAlo] 7H4 =& intensityS VERN RIS ™ TL glow
3}

curves} ZAMAFTO) ABBAE S A FrIAF R=09670, FAHF R=0.9741, PEA
Ab R’=0.9527, 7+Q2F R*=0.95839] A4S JEM) Y tH(Table 73). =3k TL ratio= H|ZAIAIE

A 0.001~0.0589] HLIZ 0.1 o]t e UERNUT, ZAMAEE 0.125~4.3542 4] 0.1 o)A
9] 7S YEes O A= Table 749 2T
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Table 73. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated fresh ginsengs

Producing Regression expressions and coefficients
Sample
area Mathematical fit" Coefficients
Punggi y = 7129x - 2259.5 R* = 0.9670
Fresh Geumsan y = 365.67x + 5.5 R> = 0.9741
Ginseng Gimpo y = 1879x + 3440.5 R* = 0.8019
Gangwon y = 293x + 23.5 R” = 0.9620
Punggi y = 373.33x - 80 R® = 0.9276
White Geumsan y = 437.33x + 178 R® = 0.8962
Ginseng Gimpo y = 200x + 160 R® = 0.9527
Gangwon y = 3199x - 1944.5 R® = 0.9583
Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 74. TL ratio(TLi/TL;) of minerals separated from fresh ginsengs
Producing Irradiation dose (kGy)
Sample area o : . ;
Punggi 0.001:0.000" 0.241+0.048 0.311+0.074 0.617+0.152
Fresh Geumsan 0.026+0.583 0.814+0.354 1.469+0.873 4.354+1.008
ginseng Gangwon 0.035+0.006 0.462+0.039 2.545+1.595 1.565+0.336
Gimpo 0.01140.005 0.028+0.004 0.422+0.039 0.608+0.125
Punggi 0.005+0.001 0.256+0.056 0.336+0.162 0.415+0.137
White Geumsan 0.004+0.007 0.325+0.158 1.102+0.374 2.287+0.386
Ginseng Gangwon 0.013+0.007 0.125+0.057 0.333+0.096 0.549+0.155
Gimpo 0.058+0.007 0.389+0.107 0.251+0.039 0.47240.134

YMean of + standard deviation (n=3).

2) AujdZo o2 w Aol ESR signal #¥ 5A 32

r
o
e
e
ot
olr
o,
£
tr
w2
=

719k FAE 4,05, 6dZe] HF e ekl 1~7 kGyER FAL

spectrume ST I A FIA AL BEF H] AR EAAE SolF signalo] e

Aujste] ArjE =, ols Pt AuMETF A AYBEAHGEL saponing] FTFo] F

7bsl7l WZEolty. AmMdsrt FUMESSE A ZrE AAH A4S FASE cellulose,



hemicellulose % ligning 9] FHE A2 wel b2tz d#H A ot F@Aekd 7 kGy ZAME
WARE Tl dZo] wWE ESR spectrumS Fig. 360] JERAATE Ajul7]7ke] AHL&4E ESR
intensity 9A] TASE Ao B C ™, cellulose peak®] intensity A FASEH O,
cellulose radical®] <18 7hastth. ol Aakyl Ao WHale] w2 ESR intensitys ZARA
Zo] 71842 ESR intensity®= =7}t em, &A AujE WA U+E ESR intensity= 745}

% th(Fig. 37).

rH

Fig. 36. Typical ESR spectra of 7 kGy-imadiated white ginsengs at different cultivated period.
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Fig. 37. ESR intensity of immadiated white ginsengs at different cultivated period.
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ZzA 80 PSL =74 A7 Islel Sl B ZAF AEoAE 274-366 MY PCsES e
of FAt FA4k BT F9 S vtk 2Elal 1 kGy oo ZAMECAE BT
5000 o]/F9] PCsE vEhflo] ZAMAZ G AR #Hd 5 USAch(Table 75). o742 Zo] 7|
ot S700) Wik PSL S ZF A B ZAM B 9L 1 kGy o] ZAME ] AEL 7H5ata,
AR o] mE Aol= AT FH EAMEQ PCse ZAF Mgl RIEA] foHoz Frtst
B AL olyglen, o] & AL Sanderson 5 H1ol YTt ol FH A8 T
g FF7 249 ApeldlA HIEFHJTL B  glon, o9 #AFIA o520 AlE A

Al Boks 2EE mvl2E SHEAER AL o AR I AR 2 PCse] W3
7 Bk 22 RS Ev Eu Sl

Table 75. Photostimulated luminescence measurement for imadiated sesame seeds at different origins

Irradiation dose (kGy)

Smaple Origin

0 1 3 5

Korea 274+ 21 () 10263 + 3525 (+) 18379 + 4716 (+) 43648 + 9367 (+)

Sesame Chinese 366 + 46 (-) 21447 + 3836 (+) 45840 + 8535 (+) 31255 + 11351 (+)
, Korea 358 + 31 (-) 6950 + 1006 (+) 18467 + 11458 (+) 16734 + 9763 (+)
Perila Chinese 327 + 55 () 13346 + 4537 (+) 25371 + 7047 (+) 57348 + 10217 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ta, (+)>Ts.

ofN
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olr
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(e}
ae
Lo
i
=
0
4
[\®]
(e}
(e}
ae

2 °F 02 mgd FEALE BYste TL 548 st ZAIARE &5ttt 74 &4

AARAL A o8 ¢ 300C FZollAl Hi peakE 7HA= glow
curveS UEMAT. 23} 1 kGy o|Ae] ZAMA|E = 150~250TC Alolol A H L peakES 7HA=
E59 glow curveZ7} YERGTE 2] A =24 190~210C, F=AF 200~225Co| A 3L peak
7} Vel e m(Fig. 38), E719 A9 =AF 180~200T, E=ZAF 200~245To| Al &L peakE 714
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Fig. 38. Typical glow curves of minerals separated from imradiated sesame at different origins.
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Fig. 39. Typical glow curves of minerals separated from iradiated perilla at different origins.

TL intensity= 7] ¢}
curved} FAPM Tl AATA L
SO m,

ratio=

E7E 334 R=0.9682,
B ZAMA 24 0.029~0.0512] HLIZ 0.1

[e]
e

0.147~1.5522 4] 0.1 o]Ae]
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Table 76. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated sesame seeds

Regression expressions and coefficients

Sample Origins

Mathematical fit" Coefficients
Korea y = 8049x + 230.5 R® = 0.9992

Sesame
China y = 6532.3x - 219.5 R2 = 0.9480
Korea y = 2132.3x - 894.5 R? = 0.9682

Perilla
China y = 1899x + 305. R? = 0.9846

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 77. TL ratio of minerals separated from sesame seeds

Irradiation dose (kGy)

Sample Origins
0 1 3 5
Korea 0.029+0.007" 0.371+0.175 1.39140.539 1.552+0.543
Sesame
China 0.043+0.031 0.147+0.649 0.248+0.857 0.446+0.136
Korea 0.05120.006 0.153+0.091 0.345+0.151 0.452+0.158
Perilla
China 0.028+0.011 0.842+0.334 0.422+0.135 0.508+0.241

YMean of + standard deviation (n=3).

T dFo GAAE =, F)o wE PSL SHAHE Table 789 YER|RITE. PSL
SHZAT H] AR ECAE 309~388 PCsE2 9 e UERNLH, A RAgA =
8842~69543 PCs9] W92 5000 o]49] Zhe& JERAATH B Adola HAMHE 1 kGy ZA}
A B OJA] SA] 8842~18262 PCsZ FALAF o] 7h5slom AR wet AlSEHs 3
2o e A¥Hoz Fristth. F4tE F54ks vlwstds WS4k PCs7b FARETH
o =4 ASEHASH ol T4 TR AEHEE O Wol AXWA olEH, MAFY B



Table 78. Photostimulated luminescence measurement for irradiated legumes at different origins

Irradiation dose (kGy)

Sample Origin

0 1 3 5
Kidney ~Korea 388 + 22 (-) 11464 + 1839 (+) 36489 + 5583 (+) 69543 + 5286 (+)
bean Chinese 309 £ 17 (-) 18262 + 4531 (+) 27942 + 2316 (+) 55367 + 8456 (+)
Korea 324 + 64 (-) 8842 + 1368 (+) 9474 + 4462 (+) 10232 + 3763 (+)
e Chinese 325 + 21 (-) 10655 + 2825 (+) 33682 + 10054 (+) 43285 + 6217 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Tx.

2 Ao A= 1~5 kGy7+A] ZAMSIY] TL
Attt 79 TL signals 33517 A8 FA4t= F34F dF(eF 500 @)k 7T (oF
500 g)E oz FEAS FEstdon, AMEE AR ¢ AAAd & Zo|7t A9 gl
g FEZL AFRSle] TLS =33 Ax ZE ABoA TAF oo wE peakd]
, Fig. 40, 417} o] B AFoAx A3 H

A A=A 1 kGy olde A BONAM AL AR S+ peak7t 200C AFE 7ELR2 A

o
ae]
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‘”W
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2
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o
_>|J_ll
o
fr
ME
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olr
L
B
il
AN

F =ZAF 195~200C, ZHdE F=4F 200~220C, FF ZAF 175~205C, &FF =4 195~20
5CY 22 Ve, AR F7tol whebx] signal intensity’} FA43] F

T v ZAMAES] Agddls 280C AFolA] w9 & peak7} LERHTE EE 2 A3 oA
Al HA A 1 kGy A| & 9] signal intensity7} W] ZAFA|FE oA }ER}= signal intensityX
o HA 50u] o] d-g vtER o]l ] ZAF AlEot ZAMA RS o] Bt TL intensity:
F3EI $4FEFT BT FI34 AE7F =2 intensityE JERA A ST TL glow curve} ZAMA

J_f-_
o] A#ABAE AdEo AL = R=0.9390, 224 R=0.9081 o2 JElgton, 4%

il

& F=AF R=0.9952, T4 R=0.9989¢] A& el Qrh(Table 79). 3+ TL ratios H]
ZAMA oA 0.029~0.0512] HLIZ 0.1 °|5te] e YERAA, ZAMIEE 0.147~1.5522 A
0.1 o4l gk JERAROM 2 ATHE Table 807 2T},
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Fig. 40. Typical glow curves of minerals separated from imradiated kidney bean at different origins.
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Fig. 41. Typical glow curves of minerals separated from iradiated pea at different origins.

Table 79. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated legumes at different origins

Regression expressions and coefficients

Sample Origins X
Mathematical fit" Coefficients
Korea y = 2165.7x + 1505.5 R* = 0.9390
Kidney bean
China y = 11432x + 10956 R? = 0.9081
Korea y = 1995.7x + 215.5 R* = 0.9952
Pea
China y = 2962.3x + 65.5 R? = 0.9989

Yx: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 80. TL ratio of minerals separated from legumes at different origins

Irradiation dose (kGy)

Sample Origins
0 1 3 5
Korea 0.054+0.024" 0.141+0.066 0.491£0.217 1.152+0.336
Kidney bean
China 0.038+0.011 0.457+0.185 0.548+0.185 1.446+0.537
Korea 0.044+0.016 0.162+0.091 0.345+0.151 0.452+0.139
Pea
China 0.008+0.001 0.384+0.178 0.422+0.167 0.508+0.174
YMean of + standard deviation (n=3).
(3) ESR 2454
FRe A% AAL WA dolE AAT F AL AEHAL, TR FTH BT

452 microwave power 0.4 mWe| ZAA =AUt 2 Az ¥] ZAMA B A= single
A& EF cellulose radical-# €] triplet

line®] ESR signal2 Ho Fou}, ZAMARINA= F
AR mE zhol= VERGA] ¢k gkrh(Fig.

line®] signale] ¢F 6 mT 7tF o2 #HAEFoH

42,43).
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Fig. 42. Typical ESR spectra of imradiated kidney beans at different origins.
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Fig. 43. Typical ESR spectra of imradiated pea at different origins.
2 A F

(1) PSL A 54

7199(dd, w2AS)S F2@=, T3, FE5)Y fAAdd wWE PSL SHZAAE Table
81,820 LFERAATE PSL S A 7]9E ¥ XA BIAE 269~335 PCsE &
Qo m, ZAMA RO A E 7943~68294 PCse] & 5000 o] 4] kS VERATH B AFol A
HAAAHER] 1 kGy ZAMAFEAA] A 7943~14839 PCsE ZAlSF o] 7h5stom ZA}
Azkoll et ASEE FAY = APz Frietth dAAEE HustdS o w2
SAko]l AR PCs7h AR T O =4 ASEH AT

Table 81. Photostimulated luminescence measurement for irradiated kiwi at different origins

Irradiation dose (kGy)

Origin

0 1 3 5
Chile 269 + 35" ()" 7943 + 2106 (+) 21958 + 7836 (+) 55195 + 9485 (+)
Newziland 335 + 47 () 14839 + 4023 (+) 33857 + 8059 (+) 68294 + 12947 (+)

YMeans + S.D. (n=3).
“Threshold value : Ti=700, T,=5000, (-)<Ti, Ti<(M)<Ta, (+)>Ta.
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Table 82. Photostimulated luminescence measurement for irradiated carrot at different origins

Irradiation dose (kGy)

Origin

0 1 4 7
China 397 £ 49 (-) 30291 + 16372 (-) 11203 + 6803 (-) 29847 + 4490 (-)
Polland 325 + 21 () 19782 + 8394 (+) 23682 + 7938 (+) 49573 + 10084 (+)

YMeans + S.D. (n=3).
PThreshold value : T;=700, T,=5000, (-)<T;, T;<(M)<Ts, (+)>Ts.

ATl M ASE 719E 155 kGy, FEE 147 kGy2 2ARsel Aol AHgsteleh. 719
2 oF 200g A &= water rinsings}

2& Byttt 59 FE2E A8t TLE SHE 23 EE A BA ZAF o
H 29} peak intensity9] z}o]l= EHIIHTE F, Fig. 44453 Fo] B

FolM AT AA A 1 kGy olakel ZAABAN 24 AR Bhl pealsh 2000 WP
71EL® 719 "4k 160~230C, 719 wAHEAE 200~225C, FZ FIAF 205~225C,
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Fig. 44 Typical glow curves of minerals separated from irradiated kiwis at different origins.
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Fig. 45. Typical glow curves of minerals separated from imradiated carrots at different origins.
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TL intensity= 7&33 453 EF F7
curves} ZAMA T o] AEBAE 71919 A A4 R= 09911, FRAEA R*=0.9952 &
Uehgon, 32 F34F R*=0.9273, 2AE=4F R™=0.86199] A#4S LER QITH(Table 83). &
3k TL ratio= B]ZAMAEA] 0.012~0.049¢] HYZ 0.1 o]3te] k& JYERGE, ZAMXEE
0.154~0.616 =2 0.1 o]A&¢] Z+& vehglem 1 A= Table 84, 857 ).

Table 83. Determination coefficients (R?) between irradiation dose and TL glow curve intensity in

imadiated legumes at different origins

Regression expressions and coefficients

Sample Origins !
Mathematical fit" Coefficients
Chile y = 206.1x - 13.729 R? = 0.9911
Kiwi
New zealand y = 250.85x + 45.593 R? = 0.9952
China y = 164.67x - 25.25 R? = 0.9273
Carrot
Poland y = 257x + 11.5 R? = 0.8619
x: Irradiation dose (kGy), y: TL intensity (a.u.).
Table 84. TL ratio of minerals separated from legumes at different origins
Irradiation dose (kGy)
Sample Origins
0 1 3 5
Korea 0.012+0.016 0.234+0.042 0.286+0.132 0.371+0.112
Pea
China 0.018+0.011 0.154+0.132 0.269+0.174 0.611+0.255

YMean of + standard deviation (n=3).
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Table 85. TL ratio of minerals separated from legumes at different origins

Irradiation dose (kGy)

Sample Origins
0 1 4 7
Korea 0.023+0.014" 0.36440.117 0.522+0.322 0.616+0.283
Kidney bean
China 0.049+0.021 0.157+0.086 0.248+0.128 0.539+0.174

YMean of + standard deviation (n=3).
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Table 86. Photostimulated luminescence measurement for imradiated vegetables at different particle

size
Sieve Irradiation dose (kGy)
Sample pore diameter
0 1 10
(mm)
0.25 335+97"2 (=) 2873143262 (+) 4829146997 (+)
0.5 492+35 32845+6983 (+) 50995+9031 (+)
Pak choi
1 321446 36013+11741 (+) 30287+10029 (+)
2 543+55 3840110502 (+) 55123+14296 (+)
0.25 393+58 14186+1832 (+) 25759+7847 (-)
0.5 294+33 13908+2921 (+) 3057149916 (+)
Spinach
1 313+47 1259543713 (+) 33872411074 (+)
2 346+35 194025437 (+) 40294+14579 (+)

YMean of + standard deviation (n=3).

DThreshold value : T,=700, T,=5000, (-) < T;, T, < M) < Ty, (+) > Ta.

3)-i-, positive, irradiated; -, negative, non-irradiated.

Fow, HdAAE AP FUI AN FHEAT. A
H 54 A3 Fig. 469149} 2ol VEPGTE B ZART A 447
I, 17} 10 kGy ZAMAEE 10% w|gtez 331498 s 3127 14347

ZAE AFE TL WHoR MZATS ZATRY §H Holg ol ZA} ol
=S #EE 5 UG o)A TL 54 & YeEh= glow curve F ]9} H 31 peak intensityo] &
1

HAZA WAL ZAL JEE #AEHS 4 ¢lom TL ratio(TLi/TL,)2] threshold valueo]] €] 3}
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Fig. 46. Photostimulated luminescence determinations of turmeric containing different percentage of

gamma-imadiated sample (Threshold value : T:=700, T,=5000, (-)<T:, Ti<(M)<T2, (+)>T>).
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Fig. 47.

kGy-immadiated contents.

TL glow curves of powdered-turmeric containing
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Fig. 49. TL intensity of turmeric containing different percentage of gamma-irradiated sample.
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Fig. 50. TL intensity of turmeric containing different percentage of gamma-imadiated sample.

(1) ZbA 2AL A= 9 743 Aol B PSL 54

PSLE EoFfEie F7148S e AF Tl e WA ZAL F-FE screeningdle W
o=z, FYAAME FUE(EFTFF, B, FF7HF Al 2 49, wbs, 27T AE3. 5
2 10 kGy2 ZALE A=Y thdt 7}2FHE(S.D., V.D.)H EAM A= Table 87, 88 A1} 2
o] Velyith. ZALE A & BmE A=Y (Beef, Soybean paste, Garlic, Broth)ol| A= 294.4~416.0
=5 9] photon countE H Fom, FALE A|FA = 4,542.8~1,806,418.0¢] HE }elfie] PSL
of 9%t ZAMFF Qo] 7hsstdnt. §H, 7hFel wE PSL £ 4 Ao A Beef seasoning]
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ASE 5 kGy 4,542.8 cpmoll A 7HF Z 29722, 10 kGy 8,065.400 4] 347.8 cpme B H|ZA} 2
(700 cpmo|dho B F27} A E = A4S HP o, Soybean seasoning®] Ao E 5 kGy
1,433,048.39| 4] 556.7 cpmS. 2, 10 kGy 1,806,418.09| 4] 561.7 cpmS. 2 S.D.7}&9o] wE PSL <
| |37 FF5H A HAE S AT £ AQY. wE, VD, 7FFE Garlic 2 Broth seasoning©]]

Me 71 Follm ZALAER Qo] 7153t th(Table 88).

N

Table 87. Photostimulated luminescence measurement for irradiated seasonings before and after

spray drying
Irradiation dose (kGy)
Sample Before S.D After S.D
’ 5 10 5 10
Beef seasoning 294.4 (-)" 4,542.8 (M) 8,065.4 (+) 2972 (-) 3478 (-)
Soybean seasoning 416.0 (-) 1,433,048.3 (+) 1,806,418.0 (+) 556.7 (-) 561.7 ()

Threshold value : T;=7,000,T>=5,000,(-) {T;,T1 {(M) <{Ta(+)> T>

Table 88. Photostimulated luminescence measurement for irmradiated seasonings at vacuum drying

Irradiation dose (kGy)

Sample Before V.D After V.D

5 10 5 10

Garlic seasoning ~ 331.0 (A" 10,399,001.8 (+) 11,032,308.8 (+)  32,086.7 (+) 40,709.0 (+)

Broth seasoning  342.8 (-) 11,895,455.0 (+) 13,149,556.0 (+) 5,616,752.0 (+) 7,619,4712 (+)

Threshold value : T;=7,000,T,=5,000,(-) {T;,Ti {(M) {Ta(+)> T>
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Fig 51. TL glow curves of mineral separated from beef seasoning before and after spray drying.
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Fig 52. TL glow curves of mineral separated from broth seasoning before and after spray drying.
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Fig 53. TL glow curves of mineral separated from gadic seasoning before and after vacuum drying.
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Fig 55. TL intensity of mineral separated from seasonings at different drying condition.
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Fig. 56. ESR spectra of imadiated beef seasonings before and after spray drying.
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Fig. 57. ESR spectra of imadiated fermented soybean paste before and after spray drying.
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Fig. 58. ESR spectra of imradiated garic seasonings before and after vacuum drying.
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Fig. 59. ESR spectra of imadiated broth seasonings before and after vacuum drying.
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Table 89. TL glow curves of mineral separated from Bulgogi yangnyum at different blending ratio

and sterilization treatment

Treatment

Irradiation dose (kGy)

Blending
Ratio (%)
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1)BP, before pasteurization; AP, after pasteurization
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Table 90. TL glow curves of mineral separated from Ssam-jang at different blending ratio and

sterilization treatment

Treatment

Irradiation dose (kGy)

Blending
Ratio (%)
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1)BP, before pasteurization; AP, after pasteurization.
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FatE el e AL ofF FAAFEe AASGAT0=9). HA 7tE L AFE4 coding HE
o 0, 1, 10 kGy)3t&] coding stlom™, Zt thd7|#olA AES
S35t LA Inter-laboratory A1® ZAF, ZAMTSF HI AT glow curve & T35}
EAo] eI} HAA B HEo] 7}5slg o (Table 91), 39 A ZFo] zAlolR I Ax}
= 100%2] =& JERY It (Table 92).
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Table 91. TL glow curves of mineral separated from coded unknown dried vegetable powders by

TL analysis

Irradiation dose (kGy)

Sample
0 1 10

Onion

Garlic

Ginger
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Table 92. Inter-laboratory test of coded unknown dried vegetable powders by TL analysis

Actual Discrimination Results
Coded | Condition A Institute B Institute C Institute
no- Sample Dose (kGy) | Glow curve” Evaluation | Glow curve Evaluation | Glow curve Evaluation
GG-E Ginger 1 IR (0] IR (0] IR (0]
GG-G Ginger 0 NR O NR O NR O
GG-1 Ginger 10 IR (0] IR (0] IR (0]
GR-E Garlic 1 IR O IR O IR O
GR-G Garlic 0 NR O NR O NR O
GR-I Garlic 10 IR O IR O IR O
ON-E Onion 1 IR O IR O IR O
ON-G Onion 0 NR O NR O NR O
ON-I Onion 10 IR O IR O IR O
Correct 100% Correct 100% Correct 100%

1)NR, non-irradiated; IR, irradiated.

. 24 BAHEREI EF 4B AFAES TL PPl @ AR AZ

ZAME rtEE TS ERTVHEE AdLs 2F(ELVIGE, A7l tdl inter-laboratory testE
A stgth. ZAPAZES Zukd 0, 1, 10 kGy, A} alsE e TFEEL 15 3 %=z 5t 3
A Z1B(EEN R, G 5EAR AT AA 7hE 2 AR
coding2 CIAYAT 2 FATLoA HAE Ax g 7FFste] coding stGom, Z 7] 2o
A AEE S5t AU

TL £4237, Bar|dd(sauce) 0 kGy A5 ¢ 200CoA S 25 FAdo] AAH7
Al Zbste], 320C ol 4] max. peakE: Vel = W3F A4S YelRl, 1 kGy ZAMA] & (FEAFS
Bk 30,539 A9 150-220T 9} 300TCo] Al max. peakE 7}AE wFT ML JeRhG O H,
kGy ZAMB(ZARFSE T 3%E) = 150250 C ol A g5 VER ITh(Table 93). H] ZA}

_E,
_|_C|>l_5
re
-
@
[
2

4
2
oft
2
>

2ol glow curve= 255-300Cofl 4] max. peaksS UERHNRI S ™, 1 kGy @ 10 kGy FAMA|E(Z
At R 1.5% E3H)E 155~240CollA] max. peakES LFERJ ItH(Table 94). Interabotory testol]
A" AEE F 2070 ARMEIZEA O AR, ZAF 1] AR)E FAEALH, oS 37 tid
1B A B4, #8323 kel Bl AR kGy)oll Al EdtH]Eo] W B(1.5%) &
Hol] ol Zo R Yeen, B89 FI == 80-100% T2 A% TH(Table 95)
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Table 93. TL glow curves of mineral separated from coded unknown sauce by TL analysis

Irradiation dose (kGy)

Sample
0 1 10

Sauce

Table 94. TL glow curves of mineral separated from coded unknown Ssamjang by TL analysis

Irradiation dose (kGy)

Sample
0 1 10

Ssamjang
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Table 95. Results of interdaboratory comparison study for detection-ability of irradiated ingredient, added in different ratios in liquid sauces by TL analysis

A Institute B Institute C Institute
No. Actual Condition Results Actual Condition Results Actual Condition Results

U supe Pose Rafo Gl B |0 sumie Do Relo Glw Bab |COF sawe  poue Rl Gov B
1 | Al Sauce 0 100 NR (0] B-1 Sauce 10 3 IR (0] C-1 Sauce 0 100 NR (0]
2 | A2 Sauce 0 100 NR (0] B-2 Sauce 0 100 NR (0] C-2 Sauce 0 100 NR (0]
3 | A3 Sauce 10 3 IR (0] B-3 Sauce 1 3 IR (0] C3 Sauce 10 3 IR (0]
4 | A4 Sauce 0 100 NR o B-4 Sauce 0 100 NR (0] C-4 Sauce 0 100 NR (0]
5 | A5 Sauce 1 3 IR (0] B-5 Sauce 1 3 NR X C-5 Sauce 1 3 IR (0]
6 | A6 Sauce 0 100 NR o B-6 Sauce 0 100 NR (0] C-6 Sauce 0 100 NR (0]
7 | A7 Sauce 1 3 IR (0] B-7 Sauce 1 3 NR X C-7 Sauce 1 3 IR (0]
8 | A8 Sauce 0 100 NR (0] B-8 Sauce 10 3 IR (0] C-8 Sauce 0 100 NR (0]
9 | A9 Sauce 1 3 IR (0] B-9 Sauce 0 100 NR (0] C-9 Sauce 1 3 IR (0]
10 | A-10  Sauce 10 3 IR (0] B-10  Sauce 0 100 NR (0] C-10  Sauce 10 3 IR (0]
11 | A-11 SSamjang 1 1.5 NR X B-11 SSamjang 1 1.5 NR X C-11 SSamjang 1 1.5 IR o
12 | A-12 SSamjang 0 100 NR (0] B-12 SSamjang 10 1.5 NR X C-12 SSamjang 0 100 NR o
13 | A-13 SSamjang 10 1.5 IR (0] B-13 SSamjang 0 100 NR (0] C-13 SSamjang 10 1.5 IR o
14 | A-14  SSamjang 10 1.5 IR (0] B-14 SSamjang 0 100 NR (0] C-14 SSamjang 0 100 NR o
15 | A-15  SSamjang 0 100 NR (0] B-15 SSamjang 10 1.5 IR (0] C-15 SSamjang 10 1.5 IR o
16 | A-16  SSamjang 1 1.5 NR X B-16 SSamjang 10 1.5 IR (0] C-16 SSamjang 1 1.5 IR o
17 | A-17  SSamjang 10 1.5 IR (0] B-17 SSamjang 1 1.5 IR (0] C-17 SSamjang 10 1.5 IR o
18 | A-18  SSamjang 0 100 NR (0] B-18 SSamjang 1 1.5 IR (0] C-18 SSamjang 0 100 NR o
19 | A-19  SSamjang 0 100 NR (0] B-19 SSamjang 0 100 NR (0] C-19 SSamjang 0 100 NR o
20 | A-20  SSamjang 1 1.5 IR (0] B-20 SSamjang 0 100 NR (0] C-20 SSamjang 1 1.5 IR o

Correct 90% Correct 80% Correct 100%

1)NR, non-irradiated; IR, irradiated.
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SUMMARY

CEXTEDS

I . Project Title

Distinguishing Techniques on the Irradiated food of Agricultural Foods by Electron Spin
Reronance(ESR)

II. Objectives of the project

O Development of distinguishing techniques for the control of Irradiated Agricultural Foods

imported from foreign country

O Establishment of distinguishing techniques for the ingredient of exported agricultural

food in the industrial field

II. Contents and Scope of the project

O Development of rapid distinguishing techniques for the irradiation treatment of exported

and imported livestock products

(O Development of estimation techniques for the absorbed does of imported livestock

products
O Establishment of distinguishing techniques for storage period

O Analysis of specific marker of irradiated food of export and imported livestock

products

IV. Result of the project

O Establishment of most suitable condition for the milk and meat products &

Analysis of the specific marker

O R? value was more than 0.95, dose estimation could be applied by regressional

analysis.



There was not differences in the ESR spectrum according to the radiation source
between the Gamma-ray and electron beam

The ESR signal of Glucose, lactose and infant formula were not greatly changed in
the storage period, on the other hand, weaning food and whole milk powder were
decreased. Fourty-two kinds of the seventy-nine tested livestock products could
be distinguished by the ESR method although this changes.

Heating method for sample dry could induce radical change of sample, therefore
frozen drying method was best for the pre-treatment.

Most of crystallized glucose and synthetic additives were easily distinguished
between non-irradiated samples and irradiated samples in the low dose less than
1 kGy.

Most samples were could be distinguished in the conditions of ingredient contents
more than 5~10%, exception for the case of crystallized glucose in the 1%.

Most final meat products couldn't be distinguished by ESR signal, but the most

agricultural ingredients could be.
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# 1. ESR ¥4 =4 dgvg

Korea Food Code official Method (KFDA)

This study Sweep width Sweep width Sweep width
bone cellulose crystaline sugar
Central field 324 mT 342 mT 348mT 348mT
Microwave frequency 9.08 GHz 9.5 GHz 9.78GHz 9.78Gz
Microwave power 0.l mW, 1 mW 5~ 1256 mW 04 ~ 0.8 mW 5 mW
Sweep width 20 mT
Time constant 0.1 s
Mod width 0.3 mT
Amplitude 50 ~ 1000
Sweep time 1 min
Temperature Room
(a) (b)
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O 18 139 7
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o] 62 ek y = 5.194x + 21.164 0.9788
o AAA v = 6.842x + 5.280 0.9971
7ok v = 4.595x + 9.960 0.9825

AR RS
AALA y = 3.734x + 9.099 0.9622
e ok y = 2.015x + 1.195 0.9808
N AR v = 1.647x + 2.225 0.9941
o ZopA y = 3.210x + 0.361 0.9800
e A=A y = 2.436x + 2.229 0.9855
RSP ZopA v = 5.790x + 6.090 0.9630
ZopA y = 1.383x + 2.259 0.9662

A=
A=A v = 1.071x + 3.337 0.9576

WAA FREEA,

(a)

(c)

AR Aol e A e

N

Ao WA F el w

_22_

(b)

(d)




(e)
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6714
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8714
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1114
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1704
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2454

2298

2067

1974

1890

1876

1746

1711

1701

1685

1648

1627

1472

3883

3652

3108

2993

2747

2654

2580

2523

2473

2362

2261

2203

2452

4842

4346

3280

3040

2952

2848

2759

2628

2509

2535

2501

2485

2455

5597

5331

4766

4324

4235

3963

3884

3788

3699

3685

3666

3622

3567

1308

1256

982

962

931

847

834

771

760

696

649

652

914

2593

2335

1892

1845

1621

1502

1386

1318

1372

1338

1245

1211

759

3299

31563

1303

1768

1526

1402

1336

1217

1221

1111

1050

1072

766

4136

3534

532

485

452

446

463

441

413

433

404

398

587

2524

2573

2744

2819

2708

2750

2784

2803

2664

2740

2775

2692

3007

8100

8508

8044

8018

7586

7729

7553

7533

7574

7685

7913

7708

8993

11616

11384

12714

11692

12256

12280

11768

12458

11679

11890

12432

12108

13685

14787

14643

16259

16664

16008

16183

16192

16462

15951

15729

15616

15206

19395

3550

3574

3612

3605

3457

3288

3566

3397

3271

3265

3439

3445

3180

10858

11065

11509

10606

10200

10358

9863

9528

9693

9748

10346

9846

9923

14745

14945

14918

13934

13965

13329

13355

13195

13349

13468

13693

13495

13871

23656

24122

25880

25094

24097

23990

24494

23978

23567

23377

23986

24014

22145

3011

2734

511

5563

596

588

529

590

562

598

554

563

3063

7216

7151

7973

7898

7459

7518

7611

7495

6983

6899

6887

6924

6044

9461

9341

5655

5318

4963

4477

4748

4216

4205

4174

3926

3975

7656

No|wli—Nlolwli=Nlolwl=lwlolw —lwolw] =

11085

11355

11410

12189

11160

11416

10607

10612

9987

10003

9981

10014

9549

19 15. 3 kGy 2AHE 7} Al59] A
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(a)



(c) (d)
a8 16, B EAME ZAFFY ESR AFEH. (a) olf2-1 [0.1 mW, amp 50, mod 0.3],
(b) °olf21-2 [0.1 mW, amp 200, mod 0.3], (¢) ZAZH-1 [0.1 mW, amp 50, mod
0.3], (d) ZAEF-2 [1 mW, amp 200, mod 0.3]

i

O olfAoly ZARF v XA AFe A% EF gat=2.0000 <A A IS
Wl oy 7] baseline® °FzF the FHE ERWATE ESR AlLd A7)l 2 A3E&
++ 329 EH = microwave power, Amplitude, mod width”} it} (b))} (d) Z°] ESR
I HE 2483 AnE 59 4 ZAER9 Zo] baselineo] A< ¢ peake

A71E 28T F QAo o] f2la Zo] 439 baselines 7H7l AlE+& peake] W)

T AR AR

BT} baseline®] ¥37F v 7] witel peak A7]Edo] oy

(@) mzAr ZA S5l 24 R AP go] FiE AR,
O ¥ 170] 2AbE ARHY MRS FHE ZAFFY 29ERS Jehpi

(a) (b)
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(c) (d)
Iy 17. (a) 0 kGy ZAEH-19 a8 7 kGy X539 g mE A=
amp 50, mod 0.3], (b) 0 kGy ZAEf-20 7TkGy ZA 3] 1%
HEY [1 mW, amp 200, mod 0.3], (¢) 0 kGy °]f2-1° 1 kGy
H Az ~4E" [01 mW, amp 200, mod 0.3], (d) 0 kGy ZA+
AR} Fo] 1% shrd A8 A~HEZ [1 mW, amp 300, mod 0.5].

:10 ot

& A 01914 ohek 1 % E :
A AR g=2.0050 ° AP Al mek 2A veRA] 9
Heds 3ol zte]lE vEh AT

O ¥ 17 (09 2ol 1 kGy &AM 7% AE7F 5% 8% A-Fodx west Ajd gkl

o] 71534

O =8 17 (d) 9} 2ol 1 kGy A AARG A 87 1 % 38 A 33 Jhs
st A e HEE B Age AdEYLS FRo| By gl o]AS thE W AR
3 AE M n2d AxE el oen 53] o4 o] wojagkle] i
¢l M EAL A EeF S A EE 25 O o Rl AT oy d et g AHE
Ao Bl 2AA9 deto] Fodtnr Fo7f g HY

(3) WEAF ZAEf A G F) FiE AR

O ¥ 18] 0 kGy ZAEf-1o] 2 Ad FujF7) gid ~FE-S eyt

_28_



(a) (b)

(c) (d)
a9 18 (a) e Ao & ESR A E-[l mW, amp 50, mod 0.3], (b) 10 kGy ¥
F 5%[0.1 mW, amp 200, mod 0.3], (c) 10 kGy 815 1%[1 mW, amp 200, mod
0.5], (d) 1kGy ¥l 30%[1 mW, amp 200, mod 0.5]

0 MEAE ZARGY 2R AEPNFE Bl Z4F A 10 kGy 248 AR}
5% :% 18 (b)sh o] WA NEE HAA FE T 5 AT, 1% &

8 (09} zFe] &
O 1 kGy = }FJ_ ALEJ} 30% &9 Agl
1096 ©]3}el A= B 153kl

°f

O ZAE <kujFe] ESR AN EA7]|7F 2A] @o} ESR #EE oA A7) wio] x4
BH 0 kGy A5 da A4 E3r 8 A~dEdS 18 18 (a)9] ZFAME FujiFo ~
HEY deotes o2 duY vdA A5 E Yehdideh

2

4) 718t 3 7HA d5ae 9.

0 119 199 Mg B 2AAET EFE 2ARRY 29U ey,



(a) (b)

(c) (d)
19. (a) ZAFEH-13 7 kGy EviERZ9] gfo| wE AHEH[] mW, amp 300, mod

051, (b) °o]lF2-13 7 kGy EvlESHo]=e] gk wE A= EH[0.]1 mW, amp
50, mod 0.5], (¢) °l2-2¢ 7 kGy w99l shake] w& A~HE-[0.1 mW, amp
50, mod 0.3], (d) °lf21-29F 7 kGy A7 e] FaFe| wE A~HE-[0.]1 mW, amp
300, mod 0.5].
EntEFEy EvtESgolae] AFEQRS vugs u Fo]ae AT AT 7F FEo|
Hl8l] oF AvjA % AX| ¥ v AP o] Feje o] v] WA FEEHAL olH A=
Hol e =S4 71 P & Xol7f eS¢ F ST
2919 ()¢ 2o] EvtEREe 3ol 50%ol3lzE ol E A9 A 99 22 9=a
7} ApobAl ®Ed o] ofg YA (h)e] EntESdolas AT AT 7E 7] wiiel
10% 5ol = AT A 78] 2ol e AINE AHE- e Bl e 4] &t
2% 19 (eXdolA Av g EviES o]} wizhrpx = kel whE AT A7) o] ol

s 9 Uk

_30_
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(c) (d)

a8 20, YAE ZAGTFY 1 kGy ©|3F Ao Ae] ESR AHEH. (a) °]#2-1[0.1 mW,
amp 200, mod 0.3], (b) °]F2/-2[0.1 mW, amp 200, mod 0.3], (¢) ZAEF-100.1
mW ,amp 50, mod 0.3], (d) ZAFF-2[0.1 mW, amp 200, mod 0.3].
O olf2-1& 1 kGyol yerd vjthd Alzrdo] 0.1 kGyolM& Aol e egkar 0.2 kGyH
E] kL“‘ WA AeFe] Eold s 254 o FEekA A EAY. 2717F 22 vd A s
S A 96 AEE =Y A9 wol=eile Wyt gAske] gle] ofH - EAIH] 2l
O ]‘ﬁ’&i_ T o213 w7 E 0.1 kGyolAl & W Est v AL E 2187 ofH Sl
o1} 0.2 kGy ol Aol F71ErE US F3d dEnAE 0T & IdAvt
O ZAEF-12 1 kGyd A= vl A E7 2313814 golA] 1kGy ol =Fel| A= gHelo]
B 7} 3 o)
O ZAZH-2F 0.1 kGyollA oFst njtiAANTE e 5 Ao Mifo] FI7MEF= o5
B &t A gQlo] 7hE3k AT
O Hl 7FA A®E EF 1 kGyolAl A=FelA A=Fe] Frtelue} A A 7|7k vl 4 o2 F7}
3t AS T & YA
(2) 2489 9 A=
O g 219 2 7HA] AAFAYG A7 1 KkGyolst Mol A ESR H& YeRd AT

(a) (b)
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(c) (d)

(e) ()

21. 1 kGyel3l At AAFGe ESR 2HEH. (a) XE=F[0.1 mW, amp 50, mod 0.3],
(b) F%[0.1 mW, amp 50, mod 0.3], (¢) ZHE2[0.1 kGy, mod0.3], (d) HAAEH[0.1
kGy, mod 0.3], (e) FZZ2[1 mW, mod 0.3], (f) A2 =[1 mW, amp 400, mod
0.3]

0 XY, #9, ZAExs, dyles, ARG 01 kGyl A BeE A4RF) v 29
E3 o] sbsstdrh,

0 ¥iEAY FaRA 2L ARE U2 P Amd v Fudon A5A7IF AAw
2% 20 (d), (@)% o] HerEE 2Aste] ESR AEE ¥ol A5 Z4e] 73l
gt B3 wEAE g ARES BRRe] ofFd Mast gt AdERS ey 1)
Foll B whdo] golstalth. ek HiREel ¥ AR 01 kGydlA Z4el shsekg
51 0.1 KGy olste] AR S4e] /bs@ Ao wud,

0 AARIE FHAL A ARANETLE ARE 0.1 KGyol A SH0] JFsra.

(3) 71ebA) &
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(a) (b)

(c) (d)

(e) ()
g 22, (a) AXEF[01 mW, amp 50, mod 0.3], (b) FL=2=[1 mW, amp 400, mod 0.5],
(¢) BEvtEFR L1 mW, amp 200, mod 0.5], (d) ZZ3E3[1 mW, amp 200, mod 0.3],
(e) A% F[1 mW, amp 200, mod 0.3], (f) E3FZE7]E[1 mW, amp 200, mod 0.3]

O olfrAd AT FAE] AAEF= ndFNM et v IA R single line 23 Ed
& YeEtglon Ak Frtel wet Wd A o2 NEA Y| 7F S7hskd v
O ¥ 22 (h), (c)9 #o] ZEvteswyt gdex

Aol wE Az A7Ie A7F 2X &

AZIE Aokt AZAZIE 27 7] st ARE v w9 AL 4 o=k

K
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o 28 22 (d)9

0

0.1 kGyelA

== -
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Hj

¥
g=2.0052]

[e)

Az

O

o

ojy
™

A

i

WA A2 7E 5 7hs o

O

)

& ol

. A A ESR

G

ZALe] % @3} vEo] ofF F4

%

M

_EH

H

b AA Y ey

ﬁo

%0

wr
ol
)

s

G

Avbdat AAAE 0, 1, 3, 5 7, 10 kGy ZA

g 11=9

"
o
2
"

o

| HERH AT

AE7FE[10 mW, amp 1000, mod 0.5]
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AA D30 mW, amp 600, mod 0.3]

R A (A= 2 A A1 mW, amp 50, mod 0.3]

o) N L-ZF eI EF)[0.1 mW, amp 50, mod 0.3]
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=

=
=

2} 4 [BmW, amp 400, nod 0.3]

o] A}

) A [BmW, amp 50, mod 0.3]

T

|

T

AHZE[5 mW, amp 100, mod 0.3]
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vlo] @ 3-2-[1 mW, amp 100, mod 0.3]

FALEFEM 5[] mW, amp 50, mod 0.3]

o g2 ZHIA}E F([0.1 mW, amp 50, mod 0.3]
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ol AN} E F[20 mW, amp 200, mod 0.3]

G [5 mW, amp 100, mod 0.3]

a7 d 21 mW, amp 50, mod 0.3]
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b5 Al 21 mW, amp 50, mod 0.3]

H] Al EA =[5 mW, amp 200, mod 0.3]

AWe0.1 mW, amp 50, mod 0.3]
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27130 mW, amp 600, mod 0.3]

D-24 24 Z[0.1mW, amp50, mod0.3]

HERIC[1 mW, amp 100, mod 0.3]
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o] A[0.1 mW, amp 50, mod 0.3]

vk E 2[5 mW, amp 600, mod 0.5]

S E[10 mW, amp 100, mod 0.3]
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AL 7FE[5 mW, amp 600, mod 0.3]

AR5 mW, amp 1000, mod 0.5]

kst 2H5 mW, amp 1000, mod 0.3]
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E[30 mW, amp 600, mod 0.3]

SRR

[5 mW, amp 200, mod 0.3]
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single line ~2¥EHE UEhl& AEE5S tFE ggho] 20050 <A E u|s=skal ] ZAL

Algmop AN RIS Apel7) glom i ggkel o% AT AR =7e st

24 Alme] Aebidst A xR e -"4& 2 EY geje] WHI Aol= Al & 4 e

ANz A 7o) Aol Almvity @ity 7 249} o] opAAUEF A bt AR

o] ~EY o7t 7P A dERET o] AL WA AR Qs Ak S de

FHE peak AE TASHE BHE I peak BE 7S E @B E A2 ZAR peak A
A %@ﬂﬂg U= o] dAelA Arbdnn i ow A LAt

* 17} 4741 =l &42& Feksn] o9} o] tE AREBINE WAL
=E 3

2% 2. 10 kGy ZAME obAAERe] MAA Y mE sued,

A ZAE Ae] Fo] §E ESR 24

AlzAbe ol 10 kGy =AM 18 ol wel YolA Alztd A did ESR 574
& Fdsk. 2" 250 ek el 10 kGy =AM Jist wjzAbel §1e] ESR A EF
Aol & AT £ glilor w}aw 2% g AR ESR 4% %7}06}914 01%

SESF WAL B} 22
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g 25. 10 kGy ZAME 9] ghako] wE ESR AHEZ[] mW, amp 400, mod 0.3]
vl M2+ EFAIE 5 o] 83 dHolH ®»A

O Adel| ALg% JES-FA100 ESR ZHlolE= gzt 21547 5 Agel dole wg
FFEABE Mo A 87 AdEol gtk webad ESR Aol 44 4a4d A
Mn A 2E o] &3 dole nA e Faslul. F 60 2AES
243 dolHE /=39,

(Y

B

6. ARG T kGy Amel AAdt AR 2,

F
)

18 |23] |38 |43 |53 |63 |78 |83 |93 |108 |®w |-
AAA 7207 |7136 (7165 |7210 |7166 7156 |7203 |7138 |7118 7151 |7165 |32.128

Mn 88 100 |82 98 97 83 85 106 |98 80 91.7 19.104
signal/Mn |81.897|71.36 |87.378|73.571|73.876|86.216/84.741/67.339/72.632|89.387|78.135/3.528

ﬁ)l_“

AP [7060 [7224 [7253 [7135 [7152 |7113 7149 [7051 [7103 [7135 [7137.5/63.645

* g Al
AAddd Al

O ARAY AANA AN o 2 AL L 5 vt oA
oo AUE el Aol elsh MsTPH A F
=

EER I

O Add AdeA S48 WAz Ag olgdor AR AaAr] He 2 e
& UEhoR xRt AAl Aol M = a8 A @k o] AL signal/Mn o2 BAZ H

olE]7} AlB A Al Az A gEvr AAIL © o} 3
Mn A 8= A&l o5k o5 7FX7] wiLolw gk 19 260 v Wik 29 EY
oA Hol AAl wFE ARE FANUY 01 amp 50, mod 0.39] JJrB}“]EMW

BN RS ASAZZE | 2] uite] molzo] dFs wo] W Hol Oy o
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Uh A8 54 9 St FH.
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SUMMARY

| . Project Title

Development of Detection Methods for Electro—-beam Irradiated Agricultural Products

II. Objectives and Importance of the Project

The purpose of this study and development is various application of identification
methods for irradiated food used and suggested by Food and Drug Administration (KFDA).
y-ray (Co- 60) is only permitted for food irradiation in the Republic of Korea, but electron
beam (E-beam) is also permitted in America, Europe, etc. Therefore, in the future,
database about identification marker for E-beam irradiated agriculture materials and
products will be necessary. Furthermore the information and technology of radiation

identification marker will be needed during the processing.

lIl. Contents and Scope of the Project

Section 1. Development of Detection Methods for E-beam Imradiated Agricultural

Materials and Products

At present, irradition method permitted in Korea is y-ray(C0-60). It has the advantage that
it can be used for completely packaged or bulk products by high transmittance. The faults
of it are that it takes a long time and it has problem for consumer’'s acceptance. In
comparison, E-beam has advantages of short irradiation time and accuracy. It also has
weakness of low transmittance. At present, Y—irradiation is only permitted in Korea, but
both y-irradiation and E-beam are permitted in America and Europe, etc.

To activate of E-beam irradiation methods, the study of physical identification methods
(PSL, TL, ESR) and chemical identification method (GC/MS) are done using irradiated
thirty agricultural materials and products by E-beam. And the change of identification
marker according to the storage and industrial processing are done using several selected

samples.



A. Physical identification marker analysis and making database of E-beam irradiated
agricultural materials

B. Physical identification marker analysis and making database of E-beam irradiated
agricultural products

C. Chemical identification marker analysis and making database of irradiated agricultural
materials

D. Physical and chemical identification marker analysis and making database of E-beam
irradiated agricultural materials according to storage time.

E. Physical identification marker analysis and making database of E-beam irradiated

agricultural materials subjected to different processing types(drying, sterilization)

IV. Results of the Project and their Applications

Section 1. Development of Detection Methods for E-beam Imadiated Agricultural

Materials and Products

A. An investigation is done by PSL that is rapid screening methods for determining of
whether E-beam irradiated or not, and is reported as a standard method for spice and
dried vegetable. The analysis on 12 food items showed that photon counts for
none-irradiated samples such as cabbage, carrot, soybean, a red-bean, black pepper, ginger,
wheat, sesame, perilla and shiitake mushroom indicated under 700, but those for irradiated
samples showed over 5000 that means a positive value. The photon counts are increased in
a irradiation dose-dependent manner. But, pistachio and walnut showed intermediated value

(700-5000 photon counts) regardless of irradiation, so PSL can’t be applicable to those.

B. To analysis and make database for physical identification marker of E-beam irradiated
agricultural raw materials, TL method was done using cabbage, carrot, pistachio, walnut,
soybean, a red-bean, black pepper, ginger, wheat, sesame, perilla and shiitake mushroom.
Except pistachio, all irradiated samples showed the first TL glow curve in a range of 150
~250C and showed TL ratio (TLy/TL:) over 0.1. Therefore, all irradiated samples were

discriminated whether irradiated or not by TL method except pistachio.



C. To analysis and make database for ESR identification marker of E-beam irradiated
agricultural raw materials, ESR method was done using same twelve agricultural items.
Signal intensity showed significant increasing levels in irradiated samples by comparison
with non-irradiated those, and increased in a irradiation dose—dependent manner. Signal of
single line that was estimated for polyphenol was detected in cabbage, walnut, adzuki bean,
black pepper, ginger, sesame, and perilla regardless of irradiation. That signal was
increased in irradiated sample, but it also existed a little bit in non-irradiated sample.
Therefore, those samples can’t be discriminated whether irradiated or not by ESR. Signal
derived from crystalline sugar was detected in carrot and wheat, and signal of triplet line
derived form cellulose was detected in pistachio. Therefore carrot, wheat, and pistachio can

be discriminated whether irradiated or not by ESR.

D. When the agricultural products were analysed by PSL method, the photon counts
showed under 700 in non-irradiated raisin, red pepper powder and soup, and showed over
5000 in irradiated samples. Therefore, those can be discriminated whether irradiated or not
by PSL. However, non-irradiated instant seasoning showed intermediated value (700-5000

photon counts).

E. Four agriculture products were subjected to distinguish whether irradiated or not by TL
methods. All irradiated samples showed TL glow curve in a range 150~250C and TL
ratio (TLi/TLs2) is over 0.1. All non-irradiated samples showed under 0.1 of TL ratio.

Therfore those can be discriminated whether irradiated or not by TL.

F. Four agriculture products were subjected to distinguish whether irradiated or not by
electron spin resonance (ESR) analysis. Signal intensity showed significant increasing levels
in irradiated samples by comparison with non-irradiated those, and increased in a
irradiation dose—dependent manner. Multi—-component signal derived from crystalline sugar
was detected in irradiated raisin, and signal of triplet line derived from cellulose was
detected in irradiated red pepper powder, and signal derived from crystalline sugar was
detected in irradiated instant seasoning. All samples can be discriminated whether irradiated

or not by ESR.

G. The chemical identification (hydrocarbon analysis, GC/MS) method was done using high



fat—agricultural materials such as walnet, soybean, and sesame. In all irradiated by
E-beam and y-ray, 1,7-hexadecadiene and 8-heptadecene that are markers for irradiation
were detected and increased in a irradiation dose-dependent manner. Those marker were
not detected in non-irradiated samples. Therefore, those can be discriminated whether

irradiated or not by GC/MS.

H. Physical and Chemical methods were done using carrot, walnut, soybean, red pepper
powder, wheat, sesame, and instant seasoning according to storage time(0, 6, 12 month). In
PSL method, the photon counts were decreased in a time—dependent manner. In the case of
soybean, wheat(3, 5 kGy), sesame, and instant seasoning, PSL method can be used for
irradiation detection after 12 month storage time, but in the case of carrot, walnut, pepper
powder, and wheat(l kGy), PSL method cannot be used. In all irradiated samples except
walnut and soybean, TL ratio showed over 0.1. Therefore those can be used for irradiation
detection after 12 month by TL. In the case of pepper powder and instant seasoning,
signal derived from cellulose and crystalline sugar respectively detected in ESR method
after 12 month. Therefore, those can be used for irradiation detection after 12 month by
ESR. Walnut, soybean, and sesame can be used for irradiation detection after 12 month by

GC/MS due to detection of 1,7-hexadecadiene and 8-heptadecene.

I. PSL and TL methods were done using E-beam irradiated beef powder, soybean paste
powder, and roasted garlic seasoning according to drying conditions(spray and vacuum
drying). In PSL method, the photon counts were decreased by drying treatment. Especially,
in the case of spray dried beef powder and soybean paste powder, the photon counts
showed under 700. In TL method, all irradiated samples can be used for irradiation

detection regardless of drying conditions.

J. To discriminate the irradiated garlic powder in mixed(0.5~5.0%) products(bul-gogi,
SSam-jang), TL method was used. Before analysis, the mixed products were sterilized by
steam(85C). In both mixed products containing irradiated garlic powder, grow curve was
detected in a range of 150~2507C. In the case of non-irradiaed garlic powder, glow curve
wasn’'t detected. Though TL ratio showed under 0.1 in all samples, mixed products
containing irradiated ingredient can be used for irradiation detection by TL method

according to TL glow curve.
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Hexane&"| 2 FZ3F %48 SPEE o]&3lo] AA I, AA 3 hydrocarbongd GC/MSE 9]

g9 BASE Ee ASSAT. A% FHF B WA 2l o8] radiolytic 5%

|

=9 hydrocarbon %} 2-alkylcyclobutanone 9 2}3t&E-8 A4 3k}, Palmitic acid, stearic
acid, oleic acid, linoleic acid 52 o1& 7}A] |94t 248 el AWEf 4 Eel ¥AbA
FAMN S W, triglycerided carbonyl group® a®ti(c 9A)¢ LBeba(d YA) AA A A
of oA e At wvh §ArF 17] A2 Cu hydrocarbont, ®A7F 271 4 oA
A HA FAhA ] MEE o]FA3S 7[A= Cue hydrocarbonf 7l A E T o]# 2wt
Ba] "o 9 3lo] palmitic acidZ4H-EH pentadecane(Ciso)¥ 1-tetradecene(Ciq1), stearic acid

Z8H heptadecane(Ci70)¥ 1-hexadecene(Cis1), oleic acidZ25H  8-heptadecene(Ciz.1) 3
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1,7-hexadecadiene(Cis2), linoleic acid®Z5-H 6,9-heptadecadiene(Ci72)3F 1,7,10-hexadecatriene
(Cigm)e]l ALy ol AAE wA F o3 oyAdd o3 FolsiA AAHYE
8-heptadecene(Ci7.1), 1,7-hexadecadiene(Cipo)S FEVFAZ AFE3le] AAAM AL T2
55 F<lstar A8

o] Axko| whE HAviA ] WEE #zEAT. FAAFHLS PSL, TL, ESR, GC/MSH S 4
A 8F3 o}

4 AR 24 FAATAES ASFeE wd vhA B

e

oAz mdel mE 2A} A% Wy v B

(
B2 FEuEAZRY)E AAG] T wE &M EE BdEeA S PSL, TL, ESR &
Ao v BEA3GY. AR S 2u|sar|EEe] VhE A= 175C, 10 g¢/ming 271 o
= =9

5C, 2-3 hre] =722 31&

G A4 24 929 B 9 AwAd g B v B4
AR 22 AFe) BF 2 AwA] hE TL B wAE BAsAT A48 24
vEsRES Ao wigm] 1, 3, 5%, A5 wigH] 05, 1.0, 1.5% %2 A Z3Fe] 5T oA 3&

Foro) AE A . Fol B WEATHAY WMetE s FRAWE 0, 1, 10 kGyE 245

)



4 ¥ D/B%}

BT OUE, B 332 A D, A, B, WA 12899
A 261 ~4469] photon counts FEES Ho] H|ZE

ARAl E ol A 8835~4394522] photon kS

of ZAbTE A £ AAd 2AMA ROl Skl whel RlH 4 22 photon counts # ST

>
4
ft
=)
S
oo
%@
K
“,
[>
o
o
K
fols
4
i
Y
fo
ok
b
rl
%N

2 st (Table 1), kA2 5 kGy FAME 28R ¢} S5 A ZHz 802, 21449 photon counts
e 2o oA B (Intermediate) = #H o] H vk ¥ 2EHA Q9 TFE] A= PSL @A gR o m =
o]l olgil TL EAAEH S A&st= 3lo] gadd Ao= Asdny

Table 1. 444 24 273959 PSL #4145

PSL (Unit : photon count/60 sec)

Sample 0 kGy 1 kGy 3 kGy 5 kGy 7 kGy 10 kGy
&= 351.5(-)" 65237.0(+) 118733.0(+) - 185200.0(+) -
T 288.0(-) 13619.0(+) 16939.0(+) - T7555.5(+) -
¥ 2~E}X] 295.5(-) 1087.0(M) 1606.5(M) 802.5(M) - -
5 2555(-) 1205.0(M) 3756.5(M) 2144.0(M) - -
o 3985(-) 54199.0(+) 79771.0(+) 147867.0(+) - 120283.5(+)
1 327.0(-) 8835.0(+) 12060.0(+) 14369.5(+) - -
3 238.0(-) 10650.5(+) - 12542.0(+) - 13802.5(+)
7 423.2(-) 182304.5(+) - 449206.5(+) - 439452.5(+)
| 2615(-) 26221.5(+) 34212.0(+) 41628.0(+) - 50699.0(+)
70 366.0(-) 27832.5(+) A7076.5(+) 49232.0(+) - -
=¥ 446.0(-) 25921.0(+) B97585(+) 62750.0(+) - -
FEHA 304.0(-) 11483.0(+) 60445.5(+) 13700.0(+) - -

"Threshold value : T1=700, T5=5000, (=) < Ty, Ti<(M)< Ty, (+)>T,

v AR 24 A bR TL #dvk7] £4 2 D/Bg

g0 Add A 2AE 11EAA O ARZRE 150~250C9] Sxdel =i B4

>

9 glow curveE g 4= g ow, T3 TL ratio (TLi/TL2)9 A& Ao % AXA FAME A8
o A 0.1 °]49 TL ratio kS vEro] AR =AY A 82 A4 ¢ Aot vxA Al 8o
0.1 ©]gte] TL ratiocs WeEtHo] HEA = ASEIvHTable 2, Fig. 1). PSL AA A oiAs

(Intermediate) 2 AEE H2eA 29 45 TL #AAAME 13 glow curveZl &lo] A gkt &

Ay AR 248 FAATR AT APFEAED) WAL 2HAFE BE FAA



o #3ked EN 1788 % EN 137510 9]&] TL % PSL &A% A&o] 7bseh 1oz Alnrst HARL 7|

WE 7t G SAkE A (92EA 2 BSROIU GOMS A el Wale] Wad Ao By

Table 2. Axd Z=AF s471F 932 9] TL ratio

TL ratio (TLi/TL2)

Sample
0 kGy 1 kGy 3 kGy o kGy 7 kGy 10 kGy
Gl 0.01 0.24 0.39 - 0.84 -
K 0.01 0.75 1.13 - 161 -
¥ 2 ERA] 9. 012 0.08 0.19 022 - -
35 0.08 0.71 0.73 1.24 - -
ol 0.05 0.61 0.68 072 - 1.02
o 0.09 0.25 0.15 0.16 - -
T3 0.07 0.53 - 097 - 1.9
A7 0.03 0.26 - 051 - 0.74
kS 0.09 0.75 121 126 - 1.76
A 0.05 0.87 1.28 201 - -
S 0.03 0.17 0.63 111 - -
FIHA 0.06 0.25 075 051 - -
60000 6000 T
50000 5000 ¥
40000 4000 T
30000 3000 T
20000 2000 T
10000 1000 T
050 100 150 200 250 300 350 400 ° 0 50 100 150 200 250 30'0 350 400
== HFOKGy mm S hGy o FHY 3k Gy S E Tk Gy m—CtI0kGY = 2 1kGY Y33Key = 27Ky
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—
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150 200

— U 1kGY
= E10kGy
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0

0 50 100 150
—DS0KGY === DF1KGYy " DFEIKGY = ZF5KGY
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1000
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400
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O

100 150 200 250 350 400
—OkGy = E1KGy m3|<<3y — 5 Gy

25000

20000
15000
10000
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0

50 100 150 200 250 350 400
— M ZEOKGy A ZE1KGy ‘gZ,PSkGy —’gél'lokGy
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400000 10000

350000 9000
300000 8000
7000
250000
6000
200000 5000
150000 4000
100000 3000
2000
50000
1000 M
0 —_— 0 -
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
— S7{0kGy ==m =7l 1kGy = H3kGy = 7 5kGy —H'Ié‘JOkGy —hHéilkGy H1¢;|3kGy H'Iﬁ‘JSkGy

Fig. 1. 4739 3YE F53 mineral®] TL glow curves

th AR 2AF AT s ESR wEvbA 4 9 D/BE

Y 12F9 ANFEE ol&sto] ESR EA4RS Fdte] A A RS &9tk (Table 3, Fig. 2).
x4 microwave power 0509 mW, microwave frequency 9427.421~9436.420 mHz, center field
337.236 mT, sweep width 1.5x10 mT, modulation frequency 100 kHz, modulation width 0.50x1 mT,
amplitude 1.00x100, time constant 0.03 s, room temperature 23+2°C ©]t}.

RE AgoA B|FAF AlE S} FAF A B9 signal intensity 9] F7FE 9] A xolE How AR}

A 2AF AdFel Skl el signal intensity /b /M-S s s, T, oF, 2, 5, A

o

Fo2A, 70904 polyphenolol 4] -3 E single line?] signals sttt @23 ZHol X e o

0

o

P 249 2 #FA e signals FQlstdtt 53] PSLy} TL SQIAIA el AF o] oz sld

O

H

] AR Qo = cellulose 39 triplet lined] signale] @& E o] AN FAlE ] AER Q9] XA}

rﬁ

H nAR o] sted Aom FoE S vgoz A WA AlgoAHE A
signal& X °|= polyphenol radical AR FAPA S F7)ol] W #H4 SR signal intensity’} 5 718FAl

2 AR A B npgl R Abgo] 2aE Aoz Atg gl AR cellulosett 2AY 3e v 3

=

o

@ BT AEY B BSRS AHST A4 £ o] b5 d Rom wudd

Table 3. Ak A} w7k 959 ESR @ vi7] 54
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Single line®] Signal
2A48 F fHe Signal
Cellulose F#¢] triplet @ Ele] Signal
Single line®] Signal
Single line®] Signal
Single line®] Signal
Single line®] Signal
Single line®] Signal
2A48 F fHe Signal
Cellulose F#€] rSignal
Single line®] Signal

Single line®] Signal

fol
40

o ¥ 28] 9.
o 2
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i
A
o,
=

g

el = 3ESLH A
Fig. 2. 27428 ESR #8 54
2. AR 2AF FAkeGIDE ] SeA wd v 24 5 D/BE
7h AR 2AF FAEE(ADE S PSL i v 4 R D/BE
AR 2AE FAbE(ADES] Eud wd vy 242 93 4% o AR RIEE, A5, &

[kl

, BREAE)E dAste] PSL 48 dAg 23 BEgxuas Aes B vEAF AR A 288
5~325.09] photon counts #e REo HZAF BAES FPom, AFELE A BE FAF AHEAA

35343~9994133¢] photon counts #& Ho AR AASAT. gk AR AR Fobo] Bl El A o

= photon counts #ol =715t AL Pt (Table 4). AW AAAS FAFSHA] &2 Egxzn

—_

21Z2 photon counts #ke] 751.00.82 YElytow FAlE nFEELS 1740~36739 photon counts #HE
o

HEde] 9AAE (Intermediate) ® B TE o] PSL oA gdHTto 2= A wdo] ol TL EQlA

=

R

1

Wass ol B Aow Anw,

o

Table 4. A 2AL SA7FS(A)E 2] PSL £414 7}
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PSL (Unit : photon count/60 sec)

Sample
0 kGy 1 kGy 3 kGy 5 kGy 7 kGy 10 kGy
A zAE AELE 3250(-)"  3B3430(+)  6044B5(+)  74792.0(+) - -
A A E ALFEE 288.5(-) 1740.0(M) - 4433.0(M) - 3678.0(M)
Zu) A E Y 3000(-)  149M4RE) - 3144454.0(+) - 8223005,0(+)
2mie  BRENB BLOM LR : 11BDO0) : OALZ0(1)

"Threshold value : T1=700, T2=5000, (=)< Ti, T1<(M)<Ts, (+)>Ts

v AAR 24 AP (AN TL 3l v 24 9 D/B3

AR 24 FAFFADES Bed BarA 2L 8 Y AR 452 o83l TL HANY

He Bt AAd A RS ZASAT. BE A AECdA= 150~250C A5l A 1A glow

=

curve=

el

olsl 4 low, TL ratio (TL/TL2)9 A& A Hx 028~3.10¢ TL ratio a2 et
o] AApdo]l Ak Algm RAS. A A 8ol A= 0.01~0.07 ©lste] TL ratio® o]
HzZA 2 B3t (Table 5, Fig. 3). PSL A=A A oA & (Intermediate) 2 B B3z n 4 &
o] 79 vEAL AFEAA 0079 TL ratios 2o HEALR BA-SR, 1 kGy AR Z=ARA TL

ratio’} 0.84% el R FAR ggo] Ho] £ e oy o] gl 31F B AA] HlEAL A

i

FAA 002, A ARAA 1.89~3109 TL ratios B XA @A & 7hedh 2o Atge

o~

Table 5. AxA 24} 5471F(A)%F 9 TL ratio

TL ratio (TLi/TLg)

Sample
0kGy  1kGy  3kGy  5kGy  TkGy 10 kGy
AzAE AR 001 028 043 050 - -
FAAE  AFE 002 1.89 - 298 - 310
204 # S 001 036 - 029 - 049
<o BEgEdE 007 084 - 131 - 1.86




Fig. 3. €A7F(A)# mdZ¢] TL glow curves

i

o AAbd 24 FAFE(ADES] ESR Ak 24 2 D/B3

)
by
oy
BN
>
=
off
>
N
=
o
2
s
o
(T
w2
=
)

Wb B4 s 7] 459 NEE olgste] ESR B

o] FZUtEe Ak ApolE BYgow, xR ZAPAFES Frle] wEl signal intensity 7l $7ME S B
FA dxrEAE 28% FoA wHE WdE (multi-component) ESR A& 7F g1 151, 158
o= cellulose 219 triplet line®] signale] #&AHo] ZAF AAo| AL7l5stA. Aol FAL

H Az e IR 2AE DA ##3" single lined signale] #EE o™, BEIzugoA

r
iR
ol
of
ot
=2
X
Ho
)
)
2
lo
frid
!
ol
it}
rir

b E (multicomponent) ESR signale] &9l xo] oA xA}

Aol A8 7 Ao ARy A7 A32RY cellulosewt 2AY FE W Fad wAbE
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ESR Signal &4

Sample
ATLE A8 & f-8<9 Multiple Signal
aFE Cellulose 9] triplet3 e 2] Signal
A AAE T f29 Single lined Bl 9] Signal

AAE F fAe Multiple Signal

AE= LS A SE
EarEuE
Fig. 4 5AVFS(A)ES) BSR 9 b 57

d oA 4 % D/B3

A A BOM = HEEA

BN

Fogel AL B, aF B doXE vkl Ak o wbdni) el s



A gkttt 35 OIF 2 AAdAME A FZAF A 1 kGy 2 ZA A 1,7-hexadecadienes Z+
Z} 433, 251, 468 ug/g ©] AZ=53, 8-heptadecened 1.45, 1.33, 1.84 ng/g ] AZHo] XA AA
GC/MS AW AHgo] 7158 At th(Table 7, Fig. 5). ol49 Axa Ry 7habd =AE 1

A FANAFAdEE GC/MS 4 H&o] Jl5slx 1, 7-hexadecadiene (Cigz) 2 8-heptadecene

Table 7. 2wl 24 H471F 95 9 Hydrocarbon 9 wlA 54 (ug/g of dried fat)

0 kGy 1 kGy 3 kGy o kGy 10 kGy

Cima Cie Ci1 Cigz Cim1 Cie Cir1 Cis2 Ciz1 Cis2

g S
. ] ] 145 433 453 761 704 951 ] ]
" (+0.04)  (+024) (£042) (2084) (+067) (+0.75)
o ] ] 133 251 268 527 539 821 953 1169
" (+0.22)  (£0.77) (20.53) (£048) (#0.26) (£0.22) (2054 (£0.65)
513 - - - - - - - - - -
HE1 _ _ _ _ _ _ _ _ _ _
181 468 539 906 979 1354
7<l—7]H _ _ _ _

(+0.32) (x058) (#0.74) (+038) (x0.52) (+0.37)

% o 2

v A 24 ST AR e GO/MS i A 4 9 D/Bs)
A2z o gk A FAbE A ES] GOMS #d wtA 5AS ARG 7 Algd AR
Foll wel A4 E hydrocarbon¥ri= AN AR RS Sobgel whel FElshl Srlskien, e v

A AlmoA AR v R ARE Y 1 7-hexadecadiene (Cig2) 2 8-heptadecene (Cir1)2 A& A &
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ohomad A gFel Ae P nF R WAL A4H 24 s AP WEriAL AEHA

ol 4ol Bl F AOE waErh BE, OF L BANAE AA 24 AFA 1 kGy A4A =

O

Al A 1 7-hexadecadiene 242} 2.13, 4.07, 3.85 ug/g ©] P& %32, 8-heptadecene 0.82, 1.01, 0.89
ug/g ol A=5o AP A GC/MS A AN Hgo] 7Hsds Fdstdthi(Table 8, Fig. 6). ©17

9 A zRE AR 2AE 328 A

(o
i
rir
Q
£
w

AW A8 9 | 7-hexadecadiene(Cie:2)

2 8-heptadecene(Ciz)-& ¥ vlAZ 8o Jl53ivta ALz,

Table 8 A} A} 471395 9 Hydrocarbon 9 wlA A4 (ug/g of dried fat)

0 kGy 1 kGy 3 kGy o kGy 10 kGy

Cira Cie Cira Cie Cim1 Cie Cir1 Cis2 Ciz1 Cisz

B S ..o

. ] ] 082 213 147 421 342 794 ] ]
" (+0.19)  (+0.16) (+008) (+0.10) (+0.94) (+1.36)

o ] ] 101 407 201 767 493 1074 812 1483
" (+0.09) (£2.02) (£095) (£3.44) (+1.56) (£1.68) (+1.12) (£2.45)

e . . . . . . . . . .

HE1 _ _ _ _ _ _ _ _ _ _
) 08 385 194 648 361 1374
2 - - - -

(+0.23) (£1.93) (+043) (£1.79) (¢1.13) (+1.96)

o 27

-

z

Fig. 6. §A7Fgd 5] dxd xAbdll 9l A2 ® Hydrocarbon

4. AR 24 A EE D 7F(A)EY A% 5 SEvEsTIE 4A
7t A% & Sdrle713 AAS 9s PSL 1A A3
ESZuBE MY H)FAF A BAA 288.0~39859 photon counts ZHe Ho] v FALZR Ao FH Uk

e FE2 1270 3 1 kGy, 3 kGyoll A 2247, 19419] photon counts @t Eo AAs=E A4 Y
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P, TFE BE XA} A RAA 258~3756 photon counts #h2 Eo] 9 AlA) & (Intermediate) == W%

>
>
1
it
"
o
)
%@
=
]
e
ML
=)
18
>
b
rl

AL Al E oA 1489 ~4433 photon counts = Hof 24l A

Al B oA 5682 ~13212900 photon counts FhS

m
b
5
o}
B
o]
=3
o
T
r_(‘:_L,
¢
)

SUR.
o
>
bl
il
Y
o
r
ot
al
BN
>

SRt e 2A AlgY HS- AA7)7te] Ao A,E photon counts
ghol Aags &9 ¢ AT T, 25, 2, 3, BREReAEe 9 1 kGy ol/dY AdEdA 12

e & 700 o]’d9] photon counts #k°o] WEL} AP B o] st H AR, dEe] A9 1271E %

[

© AP A 700 o]l photon counts e WEMN] AFr|7re] A A PSL #AHoORE

o2

e

ol olfg Aoz AdHAY(Fig. 7). 59 TF= PSL AW A& o1, TL &2

i)
oL

ojuf GC/MS AW S WHsof & Aor Abgd

Table 9. A% T @ 7ls7]7 242 $1¢ PSL a3 vty 54 &4

PSL (Unit : photon count/60 sec)

Sample M;)lnt
OkGy 1kGy 3kGy 5kGy TkGy 10kGy
02  283(-)Y  13619(+)  16939(+) - 77,5655(+) -
&t 64 297(-) 12,126(+) 6,369(+) - 10,199(+) -
124 441(-) 2,247TM)  1,941(M) - 6,962(+) -
0¥ 265(-) 1,205(M) 3,756(M) 2,144(VD - -
5 6¥ 306(-) 1,033(M) 2,369(M) 1,852(MD) - -
124 184(-) 481(-) 268(-) 567(-) - -
0¥ 398(-) 54,199(+) 79,771(+) 147,867(+) - 120,283(+)
o+ 6¥ 345(-) 14,727(+) 20,609(+) 30,977(+) - 20,142(+)
124 322(=) 8,354(+) 11,960(+) 10,622(+) - 13,334(+)
0¥ 288(-) 1,740(M) - 4,433(M) - 3,678(M)
i 64 267(-) 1,489(M) - 3,007(M) - 2,417(M)
124 321(-) 2,219(M) - 2,773(M) - 1,610(M)
0¥ 261(-) 26,221(+) 34,212(+) 41,628(+) - 50,699(+)
! 6¥ 339(-) 2,782(\VD) 7,562(+) 7,430(+) - 9,815(+)
124 366(-) 3,440(MVD) 5,801(+) 5,760(+) - 6,523(+)
0¥ 366(-) 27,332(+) 47,076(+) 49,232(+) - -
A 6¥ 328(-) 9,474(+) 14,223(+) 12,090(+) - -
124 381(=) 5,668(+) 5,682(+) 10,321(+) - -
04 751(M)  11,367,083(+) - 13.212,900(+) - 9,994,133(+)
Egxu s 64 572(-) 5,701,040(+) - 6,439,699(+) - 8,882,702(+)
124 429(-) 4,062,460(+) - 4,216,928(+) - 2,343,953(+)
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UThreshold value @ T1=700, T»=5000, (=)< Ty, T1<(M)<Ts, (+)>T,

= T

o) 3L
2 2

L

Z 1)

AE

T

A T b TIE AAe 91% TL SRIAER 23

AAA 2/ 759 sibsds 2 b (ADF oA minerals #elste] TL #4915 A8kt TL
54473 1 kGy £=AF 5 12 Y &< A3 359 tiFE A9 BE A A 844 150~250C 9
=S HellA 0.12~3.109] TL ratio (TL1/TL2)E WEFHAIL, BE B]ZA Al F A= 0.01~0.099]
TL ratio® YWEWo] A @A o] 7kt th(Table 10). PSL A A el A AAR (Intermediate) 2 34
H AR 2AEE SHA] @2 BRtEu|AEe A9 TL ratio’} 0.07, TL AR oA 12} glow curve’} &

Qo] HA gof vzAbR FAHAL, 1 kGy A2 AL A 0.849] TL ratios HERo] A} A4
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X
o

AstAdet. 12709 <9 TL ratio® W3tE FX ¢ 22

[U 0
i
ofl
i
!
e
e}
e
X

7 g
A ES 1 kGy ZAPAFAME 01 o] TL ratios: RAFORZH A AR #AHAYT. 3
TF 2 OFY Ae 670E Y A7 o 1 kGyelA 0363 0.25¢] TL ratios ZH7 H

12784 Fell= 0.062 0.09¢] TL ratioc® “etHo] HlEA A5 B HAHTig. 8). mwep =7
Fob o]l ARE wWol et AT AR A= GOMS EAWE Wdste] A FFE 3

= o] BEa Aow Azed,

Table 10. A% & A¥/be7t A& A8 TL ¥

e

W ek B4 B

o} -1

J

TL ratio (TL1/TLs)

Sample Month
0 kGy 1 kGy 3 kGy 5 kGy 7 kGy 10 kGy

0¥ 0.01 0.75 113 - 1.61 -
Gt 64 0.02 0.37 0.95 - 0.56 -
124 0.00 0.18 0.24 - 0.31 -
0¥ 0.08 0.71 0.73 1.24 - -
T 64 0.01 0.36 0.41 0.67 - -
124 0.01 0.05 0.29 0.12 - -
0¥ 0.05 0.61 0.68 0.72 - 1.02
o 5 64 0.02 0.25 0.35 0.37 - 0.95
124 0.03 0.09 0.18 0.24 - 0.32
04 0.02 1.89 - 2.98 - 3.10
aLE 64 0.01 0.25 - 0.36 - 0.56
124 0.00 0.23 - 0.37 - 0.39
0¥ 0.09 0.75 1.21 1.26 - 1.76
o 64 0.01 0.19 0.22 0.49 - 0.66
124 0.01 0.20 0.47 0.52 - 0.57
0¥ 0.05 0.87 1.28 201 - -
= 64 0.01 0.23 0.41 0.48 - -
124 0.01 0.18 0.44 0.43 - -
0¥ 0.07 0.84 - 1.31 - 1.86
L e - 64 0.01 0.35 - 0.42 - 0.65
124 0.01 0.32 - 0.86 - 1.34
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ofl
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T
o) S
2 gl
=23
Z 1)
=
Fig. 8 A%+ AA7 5717 2 S 9% TL Al nky] B4 24

A% 5 Wl The 71 AAS A ES

_|_‘
=
J

AN At

271 759 Alge] ESR QAW

1o

o

A AsLA Tt v ZAF Al 89 AL A8 A signal intensity 9

FEL FAgk AolE EHYg o AxH :ARAFHS S e signal intenisty /] S7tES #9183
(Table 11). &5, #7494 polyphenoldlA ¥ single line signals &3t 3, &, LolA Z

w7b ok 44Y 49 signalel FANGo Ba wiAR AU ode Ao AR,

R
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315 A cellulose 219 triplet line?] signale] #&AEI, HIpFzu|adAa AAFD T A9
Multiple signals €lste] A2} 24 Al vpARZ AL 7hsd Ao2 Als T, ey A 47|70
Adojdol| uwe} 5ol signal loss7t A 12 /1€ A&7 7F T = ESR AA W A Eo] ojH& A

o7 yeE

Table 11. A% < AW be7|3 2445 4% ESR 4 viA 54 4

Sample ESR E0°]% Signal

2 2443 F F99 Single lined B¢ Signal
T Single line¥] Signal
o+ = & 4 99 Multiple Signal
i Cellulose 29 triplet FEf<] Signal
) 248 & 99 Single lined #1¢] Signal
7 Single line®] Signal

BHizu g AAE & e Multiple Signal

AR ZAF FAHAEY A F BEVbE7E 43S Y8 mA R sARAEe] GC/MS #E viA BEAS
ZAE Y. A v R AFEE 1, 7-hexadecadiene(Cis2) 2 8-heptadecene(Cir1)2 AR ZARA 9

S7bhekdl weEl FEEA Aol FUbsken, EE HEAL AR HA mAR AREE
1,7-hexadecadiene(C1s2) 2 8-heptadecene(Ciz1)2 A H A & (Table 12). A 7|7+ mE &F
o B v HAZHHL 1,7-hexadecadiene z+z} 2.13, 1.69, 1.10 ug/g ©|] #AZ% 3L, 8-heptadecene
0.82, 1.09, 0.25 ug/g °l A=l =AF #G GC/MS ZAAER A& 7tsds Felstdnh. A%
717 W2 ) F9 A vl AEHLS | 7-hexadecadiened zZHzF 3.85, 2.04, 0.60 ug/g ©] A=HR 1,
8-heptadecene 0.89, 1.05, 0.33 ng/g °l A=¥o] A AAd GC/MS FJAEH HLo] 7Hsds

st A7t w2 Aol #dE v AEH-LE 1,7-hexadecadienes Z+Zb 4.07, 263, 1.50 1

g/g °] HEF 5L, 8-heptadecene> 1.01, 1.60, 0.33 ng/g ©] HAEH] A #Ad GC/MS EAdH
Ago] sbeee At AE weol e w4 JhEdas 127129 AR A E AR
A BEu AR AFREHEE G Cise’t 1 kGy el AHFAAME A2 A% &F si7tsds 244

e A GO/MS A gl 7 B e Ao AL

e
o

o,



Table 12. A7 < AH7F7]7t

20 %) 8.

=20 =

98 Hydrocarbon #38 v 54

S|
&

A

(ug/g of dried fat)

Samples 0 kGy 1 kGy 3 kGy 5 kGy 10 kGy
Sample Month CI17:1 Cl62 C17:1 C162 C171 Cl62 C17:1 Cl162  C17:1 Cl16:2
041 B B 0.82 213 147 421 3.42 7.94 B B
£0.19 016 #0.08 010 094 =*1.36
P 691 B B 1.09 1.69 1.78 151 193 2.27 B B
£0.01 051 #0.19 029 021 0.4
129 B B 0.25 1.10 0.37 2.48 1.68 3.87 B B
£0.01  £0.056 #0.03 016 001 =*0.14
041 B B 0.89 3.85 1.94 6.48 361 1374 B B
£0.23 193 #043 179 +#1.13 *1.96
1.05 2.04 332 5.32 475 9.44
g% 62 - - - -
£0.02 013 #0050 071 043 *1.47
121 ~ ~ 0.33 0.60 0.70 1.08 118 2.63 B B
£0.04 002 #022 027 003 0.05
041 B B 1.01 4,07 2,91 7.67 493 1074 812 1483
£0.09 202 #0095 344 <£156 +1.68 +£1.12 +2.45
=7 62 B B 1.60 2.63 475 5.65 5.70 7.47 917 1025
£0.00 015 #038 +0.80 <£1.30 +0.07 +£1.60 +1.74
121 ~ B 0.33 150 112 3.69 1.22 432 2.62 514
£0.18 019 009 012 030 +0.09 +0.14 +0.59
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AR ZF B A5 9 Hydrocarbon 3}
Sample
17:1 16:2
a5
o+
7‘<]—7]H

Fig. . A% 5 Wd/bs7|7 A4s A9 GOMS il vy 54 4

5. AR 2AF AlEe] ke Al wE w4 vire] Wil 24

7h AR g = g9l AlEy 2t

(1) PSL &A1 g

Jusl

AAA FAF AFEY FAEd WE PSL E4243 BE HFA AlgE 184~5099) photon counts #HE B

| ZAER #A-o] Htk 5 kGy, 10 kGy FAFSE nlfB 22 50000149 photon countsE Bod, AF EAF A
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wglo] A #A o] 7hgsto] PSL EIAIERI 8] A 8ol VhsolH, TevtsAl2d S dE F 5 kGy, 10 kGy A
AlZ9] photon counts ko] ZHz: 2538, 411802 vleh} oA A E(Intermediate) & A o] FolA ¥ e] A go
ooe Aow Fukdy, Bgt AR FAE AF & FAEES photon counts #4¢) ZH2F 810, 5112 HERY 24
AlZ(Intermediate) 5= H|ZAF A8 2 A, AA 2AbE 12 & Z20La7)E 3619 012 B H)E
AR A SR TH Table 13). ol |22y Zr)An7gde] 5 dx A 176C, 10 g¢/min® &7 &3 trap
g ooqx7E AdEY] o AlmErh wEa] B xR g kg Alme] g PSL O SRIAIEY ] 48]
oE e Zo® JaFE AF A 5 10 kGyel #AApMe] ZAME Al2E B5F 14312 ~86144849) photon counts #k-e

Bol ZALR @Sl on, o RE JhEATE v AR 2AE S9lS djelE PSL #AIEH oje &

P

tio

A o] Jbsw om Ardth o) 438 WGOR PSLE o83 AEAE AES AMA EAR B4
.?_

PSL (Unit: photon count/60 sec)

Sample Az = Az = Az A Hx A

0 kGy 5 kGy 10 kGy 5 kGy 10 kGy
AR 184 (07 810 (VD 511 (-) 1664151 (+) 4510073 (+)
Zr 7| B 378 (=) 351 (=) 401 (=) 16499 (+) 14312 (+)
] frH R 509 (-) 9733223 (+) 11924803 (+) 6711355 (+) 8614484 (+)
TErEAl 2 Y 359 (=) 2538 (M) 4118 (M) 3584325 (+) 5295036 (+)

UThreshold value : T1=700, T2=5000, (-)<Ti, Ti<(M)<Ts, (+)>Ts

o

=

rln
s

RE A AlEE 001~007 TL ratio 468 Bof HIZAMFR dA o] HQAh ZH| 27| EEE A8 =
AN ZAA TL ratio’} 011~2330% e} A BA4o] 7psdtdon, Az z79 wE TL glow curved]
intensity A+l 1ot 150~250C ZEHMAA ZAF Ef9] glow curveZ} WERtR R PSLeXE A B4 0]
Brbsd @488, 2uaarEge 24 o] ekl ti(Table 14). theh 2] Asy]ige] A9 v §

#ol Ui wrobd TL ratio’t 0.1 olst= WebgA%h 150~250T %94 12} glow curved] #Qlo] 7hsste] =

AR @A o] Thgskl o m(Fig. 10), o= AGA AAlEE 9 A9dons EAE Bad o Sle Ao 4

i,

ok 9 AF AuREY AxA2E o AFE TL S44%E Has =W dxd 24F oF 340 7 A

o Argd,

Table 14. AFAgd] & TL £443
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TL ratio (TL1/TL2)

Sample 0 KGy Ax ¥ Ax ¥ Az A Az A

5 kGy 10 KGy 5 kGy 10 KGy
g 001 0.25 067 0.40 097
ESIESORIE- S 0.07 0.11 0.09 0.08 027
Al 0.01 152 141 151 090
T A = 0.02 093 233 110 0.89

— 0 kGy — % ¥ 5kGy 4= %10 kGy —0 kGy — U= F 5kGy % %10 kGy
HxZ M 5kGy — =T 10 kGy HZX M 5kGy — =M™ 10 kGy
A=} =
AR Zu) 517 B

25000 r

20000 r

15000

10000

5000 r

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

— 0 kGy —d — 0 kGy —u

Azx Ms5kGy —

W) FgrhE A=

Fig 10. Ax A7 ¥ F= mineral® TL glow curves

(3) ESR EIAEH
AR 22} AFe 712AEd 0pE ESR #4483 AApA ZALel| &gk EolA signale] EQ1%A] ol ESR &
olAlE o] A Lo o] AcE ATHATHTable 15, Fig 11). A% A BEL Azl FAbd] ¢]3 ESR signal9]

77t gelEgle

T

, 5 AlEolA ESR SIAlgge] ofdh AApd 2AF S8 & zbolrt gl Ao Btk

Table 15. Zz=A]g]ol] w& ESR 443}
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Sample ESR Signal £4

=] o . .
A R ]y Mn” 3¢ Multiple Signal
- . . .
S ENTM Rgly Single line®] Signal
N . . .
Hf-H 52~ Single line®] Signal
o RN . . .
TrtEAl2Y Single line®] Signal
800
1000 p
800 | 600
600 |
400 | n 400
200 F I .
; on A _Nad A A 200
v ¥ ¥ W
-2003¢0 310 320 ¥ 330% 3 35 360 370 0
—400 ! 300 310 320
e00 | -200
-800
-1000 L -400
-600 -
0 kGy H=E F 5 kGy U= F 10 kGy
- . — 0 KGy —AZ ¥ 5k6y  AZ F10kGy
o= o kay o= U 10kay HxE M 5KkGy — 2= ® 10 kGy
S EQ Eam Ry
1000 1500
800
600 1000
400 500 |
200
0 — . 0
o030 310 320 350 360 370 300 310 320 330 Ao 350 360 370
400 | 500 ¥
-goo 1 -1000 |
-800 -
1000 L 1500 *
— 0 KGy — Az $5kGy  AZ F10kGy — 0 kGy — Az $5kGy A= ¥ 10KGy
HZE M 5kGy — AZX M 10 kGy AZH5KGy — UE H10kGy
S ERtE P FembsA =

Fig 11. 21%&x 2] ESR #'d n}A EA

Ukt 5oulgele] mE s el TL 9 wirie) 54 s

(1) 225

AR 2=AF AEe] AarAeE] 2 oaEnld w2 TL 248 g8 x4 2=Abe abs 228 1, 3
5% e AxFo mulEs Feste] TL £4-8 A8k TL ratio 843 Z& A5 01
o|gte] TL ratios HWEFHATHTable 16). o]21d A= AR AME A2F i nl&o] vtr] wi&
ol Ao AlRHW, olgd BEFgAg o g TL ratio® A= AHY 14 glow curveE &F2lgto
24 BAE AL AR S B & AR dAdET A2F TL glow curved] 54& of#fiol zt

Hole ek ZE v xA AR A4S 250T o) LEA 1A glow curve® UERIIL

glow curve?] A|ZF 150C e $ollM HoJu® WA R F9lo] 7hs st Arh(Tig. 12). AA =4}
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Ag #H7b AEY A A eF 9 12 glow curved] 540 #&AHAT 1 kGy &AF A8 1, 3,5 %
A7 ANFANA 150~250C 2% B oA 17} glow curveE B A #Ao] 7bedtdn). X9 3%
A7tE A7 F AT 9 150CAAM glow curve’t AFEIL 150~250C ol A4 curveE YENUA] &=
ABZE e, o= A AESE HlEAF AR Higel A A Y Aem Az Evh(Fig. 13).
10 kGy A A8E #73 axfFoll s BE AJEA 100C o) &l A glow curvet Al &= 51 150~
250CHZoAA curveE: W RZ AAE FAE WA o] 7hesk i vk(Fig. 14).

o] A& ulgoR AaF

)

A9 1% 24 AR ArEoE 24 Aol e Aow

o

At

W 85TolA 30 &7+ 4t A

rir

100C o]Ad 9 TL signale AASHa, 2F7+9] TL glow curved

1{]__

of
o

Q
o

B oA 2 o RAAE 2 Gee 1A g Aow vy

fass

intensity & ZaA 7=

o,

Table 16. 25, sl@v]d ME 227, FF TL ratio

1) 3} ) TL ratio (TL1/TL2)
Sample %) v

70 0 kGy 1 kGy 10 kGy

1 0.003 0,010 0.005

g5 A 3 0.004 0.007 0,016

& & 5 0.001 0.007 0,012
2= 2}

- H 1 0.001 0.004 0.006
‘I_'_ -

8 % 3 0.006 0.003 0,014

5 0.001 0.008 0,021

05 0.004 0,002 0011

g5 A 10 0.006 0.004 0.008

5 Xd} 15 0,003 0.009 0.009
A

# N 05 0.004 0,021 0.007

8 % 10 0.008 0,018 0.008

15 0011 0.009 0,018
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1600 4000
1400 1% 3500 | 3%
1200 3000 |
1000 2500
— 0BS1 — 0BS3
800 — 0ASt 2000 — 0As3
600 |- 1500 -
400 | 1000
200 | 500
0 b . . . . , 0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
1400
5%

1200

1000

800 |-

600 |-

400 |

200 |

o s
0 50

Fig 12. B]ZALe 22aR/o] wfgnlo] @& At d o 39 TL glow curve

4000 1200
1% 3%
3500
1000
3000
800 -
2500
— E1BST
2000 e 600
1500 |
400
1000 |
200
500
o o i
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
3000
5%
2500
2000
— E1BS5
1500 —— E1AS5
1000 |
500
o A 1 . . . . .
0 50 100 150 200 250 300 350 400

Fig 13. A=A 1 kGy Z&AME 42

fu
o,
=
b

jusl

Joll w2 At d e 229] TL glow curve
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2500 800

3% 1%

700
2000

600
500
— E10BS3 |
—Etoas3 ||| %0

300

1600

1000

200
500

100

6000
5%
5000
4000

L — E10BS5
3000 —— E10AS5
2000

1000

0 50 100 150 200 250 300 350 400

Fig 14. A= 10 kGy FAHE 22579 gigno] w2 A7 A « £ TL glow curve

@) A5

AR ZARE mtEEES 05, 1.0, 1.5% R7bst AR/ AdAHEe tist TL glow curved 93-S
A7 8 AR muEe EEste] TL 48 dAlstdth TL ratio A Z 3 2 Al84A4 0.1
olste] TL ratioE YWEFWHATHTable 16). o= AXA XA AR/ mul gfaFo] UHF vtof o]z

o AWt e e duEy, ofe H{Ase A TL ratioZ #33= A Huh 13 glow

8

curves Ao A WAbd A A FE dAd o & AoR AlgHETh 549 TL glow curveg ©F
Holl AFNZ AASFAY. BE H|ZA A BAAE 250C o] Fd A glow curveE H.o]il, glow curved]
A FE 150C A - Tl M AFE R AlzAR B4 o] st tk(Fig. 15). AAHA 1 kGyE A 05,
1.0% Al golA = 150C oA glow curveZb AJ&H 22 AL A o] ZEstR o 1.5% H7F A5+ 10
0ColA glow curveZt A&t 2= A B o] 7hs etk (Fig. 16). A4 10 kGy A7 A8 Al )

g7 e 05 1.0% A7 RO AE 250C o] oA glow curveE Ho|RE FAF A o] Z&E

H

15% #HA7F Azl e 150~250C oA glow curves Edo & A A o] 718 thFig. 17). 379

B9 WAL 15% R W 2Ah Bgo] ojde Ao ey

— zl() —



350 700
0.5% 1.0%
o0 | 0%
500
400
—0BS1 — 0BS3
— 0ASt —— 0AS3
300
200
100
0
0 50
2000
1800 15%
1600
1400
1200
0BS5
1000 0AS5
800
600
400
200
o T
0 50 100 150 200 250 300 350 400

Fig 15. v ZAF ® A7l sfjgnlo] & At 2 « 22 TL glow curve

700 800
0.5% 1.0%
600 - J 700 |
600 -
500 f
500 f
400 ¢ E1BS1 E1BS3
—— E1AS1 400 —— E1AS3
300
300
200
200
100 |
100 |
e
o : { . . . o
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
600

1.5%

0 50 100 150 200 250 300 350 400

Fig. 16. AAA 1 kGy ZAFE A5 aighile] & At A « &2 TL glow curve
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Fig. 17. A 10 kGy =AM

_42_

1600 900
1400 0.5% 800 r 1.0%
1200 700
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432
2. SN A7
A AL
TE AL =i 3] o
=17 ERER
The detection of gamma-irradiated meat by 13 1610 1, oI
2009 analyzing electron spin resonance spectroscopy &l L AR
The detection of electron beam irradiated .
2009 agricultural products using ESR and PSL A&7 HAdH HAPAL 8]
methods
gAY 3% 3 Fo ,
2009 5 xﬁ EET :L}aa: a7 = ' e g B & HARsleE)
dApd Z=AbE EAZo i ..
2009 %;}%—@ } T2 F ¢  Thermoluminescence Q=g Qo) g A5
A ZAE  FAE doAd HR Ay
2010 g&ﬂ%%%tﬁ, gy, AAAAITHY 2 HE S BUH WAL ]
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Development of a Method Based on ESR .
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Development of Detection Methods for irradiated livestock
food using TL and PSL
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SUMMARY

I. Project Title

Development of Detection Methods for irradiated livestock food using TL and PSL

II. Objectives and Importance of the Project

Many countries allowed irradiation technology for the food storage methods. But the only
way for consumers to confirm whether the food is irradiated is the check the radura mark
or labeling. Therefore, independent inspection method should be established, in which
government groups can to confirm whether the food is irradiated or not. Until today,
detection methods to identify agricultural food ingredients has been developed and these
are often used verification of raw agricultural products. On the other hand, Research results
to determine the possibilities of irradiation of meat raw materials are reported using
biological method(DNA comet assay), physical method(ESR), chemical method(GC, GC-MS).
But physical method such as PSL and TL using study and application is rare. Base on
reported detection methods, we will check application and detection possibility regarding

variety of irradiated meat raw materials and related products.

II. Contents and Scope of the project

Our research was focused on finding optical methods, in order to detecting irradiation of
raw material and finished products of baby food, dried whole milk, formulated milk

powder, sausage and dried meat products. Determination of detection limit was measured



with finished products which contain fixed ratio of irradiated raw materials; therefore

radiation can be detected and can be easily applied at the quality control of the production

line.

1. Physical detection marker analysis and making database to facilitate import/export of

B

IV.

gamma and electron beam irradiated raw ingredients and finished products of baby

food, dried whole milk and formulated milk powder.

Identification of gamma and electron beam irradiated raw material and finished
products of baby food, dried whole milk and formulated milk powder during the

storage time

Study in detection of limits accordance to ratio of raw ingredient of baby food.

. Physical detection marker analysis and making database to facilitate import/export of

gamma and electron beam irradiated raw ingredients and finished products of

sausages and dried meat.

Identification of gamma and electron beam irradiated raw material and finished
products of sausages and dried meat during the storage time.

Study in detection of limits accordance to ratio of raw ingredient of sausages.

Result of the Project and their Applications

28 Items including raw ingredients and finished products of baby food, dried whole
milk and formulated milk powder had been studied for possibility of applying
methods of thermoluminescence, TL, and photostimulated luminescence, PSL. As a
result, 13 raw ingredients of dried whole milk and formulated milk powder, and 4
out of 16 baby foods are suspected to lose mineral during the testing process.
Therefore, using TL and PSL testing methods are not adequate for these tests.
However, 12 out of 16 raw ingredients of baby food and finished products of dried

whole milk can be detected with TL, PSL method.



B. Those materials which can be detected with TL and PSL methods (12 ingredients of
baby food and 2 finished products of baby food and dried whole milk) can be
analyzed both qualitatively and quantitatively since radiation level and photon count
value are proportional to each other as photon count value increase in segment of 1,
3, 5, 7kGy. Import/export food are considered to have long period of logistic time. In
order to simulate this in the lab, test samples are stored in period of 3, 6, 9, 12
months. As a result, there were no significant change in reading, and radiation can be

read even after period of 1 year.

C. Among raw ingredient of individual test of physical testing, 3 groups of test sample
have made in different ratio of mix according to product recipe. These samples were
irradiated with gamma ray and electron beam, and detection limit tests were
performed. As a result PSL analysis were not possible, however, TL test could detect

up to 3% of limit detection of irradiated material among the finished products.

D. 28 ingredients consisting finished products of sausage and dried meats and processed
sausages and dried meat were tested for possibility of applying TL, and PSL tests. As
a result, 9 out of 15 sausage ingredients and 4 out of 12 ingredients of dried meat
loses mineral during the processing process. Therefore, these items are inadequate for
TL, PSL test. However, 6 out of 15 ingredients of sausage products, 8 out of 12 of

dried meat products can be tested with Gamma ray and electron beam irradiation.

E. Those processed food which can be detected with TL, PSL methods (2 meat products -
sausage and dried meat and 14 ingredients) can be analyzed both qualitatively and
quantitatively, since radiation level and photon count value are proportional to each
other as photon count value increase in segment of 1, 3, 5, 7kGy. Import/export food
are considered to have long period of logistic time to reach consumer. In order to
simulate this in the lab, test samples are stored in period of 3, 6, 9, 12 months. As a
result, there were no significant change in reading, and radiation can be read even

after period of 1 year.

F. Bill of ingredients of the certain sausage products were obtained from project

_8_



cooperating companies. Among these ingredients, high ratio ingredient sample was
selected (Mixed Seasoned Food, About 3.5%) and tested with maximum irradiation
level of Gamma ray permitted in Korea (10KGy). The content of testing ingredient
was varied in percentage of 0.5%, 1%, 2%, 3.5% and 5%. Also these testing sample
products were manufactured in actual plant to be made identical to the actual
product (150g). As a result, TL test can check the irradiation and value can increase
proportion to content of the 1 item of testing ingredients varied from 5%, 3, 5%, 2%,
and 1%. In case of 1% content, sometimes 150g of sample could not obtain the
repetitive results, however in case of 300g sample, repetitive test result could be

obtained.
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Fig 2. The principle of PSL (Photo-Stimulated-Luminescence)
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Table 1. Technique applications

Table 2. Technique comparisons
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Table 3. Detection methods for irradiated food groups

Detection methods

Food group

Physical methods

Thermoluminescence

Photostimulated luminescence

Electron spin resonance

Viscosity
Electrical impedance

Near-infrared spectroscopy

Chemical methods

Hydrocarbons

2-Alkylcyclobutanones

o-Tyrosine

Peroxides
Gas

Comet assay

Immunochemistry

Biochemical methods

Germination method
DEFT/APC

LAL

Spices, herbs, seasonings, shrimps, fruits
& vegetables, grains, potatoes, crustaceae,
shellfish

Spices, herbs, seasonings, crustaceae,
shellfish

Bone-containing foods(poultry, meat, fish,
frog legs), cellulose containing foods
(vegetables, nuts, strawberries), crystalline
sugar containing food(dried mango, dried
fig), shellfish, paprika, pepper powder,
egg shell, crustaceae

Pepper, cinnamon, allspice

Potatoes

Spices

Chicken, beef, pork, camembert cheese,
fish, avocado, mango, papaya, egg
powder

Chicken, beef, pork, liquid whole egg,
camembert cheese, mango

Chicken, shrimps, shellfish, fish, frog
legs, egg white

Pork, chicken, liquor, egg powder

Frozen beef and frozen shrimp
Chicken, pork, fish, seeds, beans, some
spices

Chicken, prawns

Citrus, apple, grains

Spices, beef, chicken, pepper, medical
herbs

Chicken
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Table 4. General Codex methods for the detection of irradiated foods

Provision Commodity Method Principle Type
Detection of
hr hi 1
irradiated food %% EN 17841996 Cos chromatographic analysks
.. containing fat of hydrocarbones
containing fat
Detection of Food Gas chromatographic/
irradiated food . EN 1785:1996  spectrophotometric analysis of  Type II
. containing fat
containing fat 2/alkylcyclobutanones
Detection of Food
irradiated food containing EN 1786:1996  ESR spectroscopy Type [
containing bones  bone
Detection of
L ;
irradiated food — Tood EN 17872000 ESR spectroscopy Type [
containing contalning
cellulose
Detection of
irradiated food lc:(())r(:’iinm
containing food icate : EN 1788:2001 = Thermoluminescence Type [l
)
containing silicate .
. minerals
minerals
Food
Detection of
taini EN 13751
irradiated food C,O,n aining Photostimulated luminescence  Type 1
.. silicate 2002
containing food .
minerals
Detection of Food
L ; -
irradiated food  containing EN 137082001 ESR spectroscopy Type [
containing crystalline
crystalline sugar sugar
Direct Epifl t Filt
, Herb, Species ~ EN 137832001 oo P uorescent Tt
Detection of Technique/ Acrobic Plate
. and Raw NMKL ) Type T
irradiated food . Count (DEFT/APC)(screening
minced meat  137(2002)
method)
Detection of Food DNA comet assay (screenin:
o containing EN 13784:2001 y & Type
irradiated food DNA method)
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HAEE (W) A A
ek 1, 3, 5, 7KGy
ARG 20/50/100
I AA4 1, 3, 5, 7KGy /5071008
214 1, 3, 5, 7KG
AX B ek y 20/50/100g
A 1, 3, 5, 7KGy
ZvHA 1, 3, 5 7KGy
]84 20/50/100
H AR 1,3, 5, 7KGy /50/1008
2014 1, 3, 5, 7KG
EPE) ek Y 20,/50,/100g
A4 1, 3, 5, 7KGy
24 1, 3, 5, 7KGy
ARy 20/50/100
b AAA 1, 3, 5, 7KGy /5071008
214 1, 3, 5, 7KG
op A 2 e g 20g
A4 1, 3, 5, 7KGy

=

Q A s - AR 2 95 13F, o748 2 95 15
O AL - Zeka
Q AFEaE) « 429 A8l a1 kGy2 A}

A
ofN

(th) #2317 (Detection limit) &21A] &

Q AR : olf4 2 948 15%
Q MAEE) - #ekd, A3
O @) : 98 7o) sl 0, 1, 3, 5, 7kGyE 5 point ZA}
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Table 6. Additional Samples :

13 Ingredients of Infant Formula

A E () A Foll 23 FhF A3

grEY 10~20% 50g
= O =

RGN 1~10% 50g

(B k)

(2 edes 1% o]} -
DHA-22R 1% o] 8} ;
A2 525 1% o]}

SR 1%l e 7 20g
ox=ZF 1% o] s}

Ast=d 1% ©]3}

SERENE 1%9]3} o 20
gakA 14 1% o]}

g ¥oldl 1% o] 5} 7t 20g
FPAE 1% o] s}

2} iz 9 @l 1% o]} -

Table 7. Additional Samples :

15 Ingredients of powdered Baby Food

AAEE (FE3) HAIFoll ¥ s AP
H71°s) 2715 20% o] 10g
(F71°8) FS5He 1~10% 50g
F71%) B 1~10% 10g
(8-7)%) KRt 1~10% 10g
($71%) surpa 1~10% 10g
(871%) Abzpat 1~10% 10g
F71%s) MR 1% o) 3} 10g
e 1% ©]3}
L-ofAz=mA YE & 1% o] 5} 7+ 20g
HIEFRIK1 1% o] s}
Beta-carotene 1% o] s} 20g
(F718)A =2 2 1% o] s} 10g
92 w72k 1% 015} 10g
Q12+ 1% o] 3}
Hstolgl 1% ol 31 o+ 20
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) 22hd = i AR 2AA, §E FWHEAE
b 29 E FEAR AR SAIE 2 FRAAE 2%, §X 2 9AE 1F
Q AZA7: 0,3 69 12719 AF F ZA=3<
Table 8. Common Samples
A=/ DA = A/ A Al
5~ SAE ZrakAd, A=A 1, 3, 5, 7KGy 20g
Al Eav|ed B Fupd, A=A 1, 3, 5, 7KGy 20g
Az g 7Fepal, AAA 1, 3, 5, 7KGy 20g
g HAE 7HpA, A4 1, 3, 5, 7KGy 20g
B FopA, AzpA 1, 3, 5, 7KGy 20g
(W 2xdx F717HAF AR
Q AN E : &2A4A 98 15F, §F 98 122

Table 9. Additional Samples :

15 Ingredients of Sausage and 12 Ingredients of Beef Jerky

AAFE/ DA = RVE A
g, npsA =y Anbd, A 1, 3, 5, 7ZKGy - 20g
A L=Feiives, d27ks,
A nbeleed, AALFEAL, AAY,
A EFAA(DLS), FebA, 22RikE vk 7KGy 20g
OFEAMUEF, A= RIUEFR,
A 22 A
AR ok Anbdd, Az 1, 3, 5, 7KGy  20g
%
o dwAA, 2, vEus, guld,
90, =¢ Teba 4, gl 210k 7KGy 20g
A, MFHEE, HEH =
(th) &34 (Detection limit) ERIA S
O FHJA (ALY AR A FolA vige] of 35%(HFFE: BEFxm4F)dl sidst= i
HA5E AAHstd =W s871Ed 10KGye #ArbdS ZARRE ¥, sid dAl5e &
(0.5%, 1%, 2%, 3.5%, 5%)& Ezlst] FEHAA(ArDAA A AFS A =8t
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fr

Agurgel hE AA 8 FASA Bl EQdAol AL
TFA2(g)olA Co-60 HrPAA(100 kCi point source, AECL, IR-79, MDS Nordion
International Co. Ltd., Ottawa, Canada), ZXZ}4(Energy 2.5 MeV, Beam power 40, EB
tech., Korea) © & 5 point2 FA}5te] AME3IA| D73 v &5ttt

>
ofo
it
of
of
>
b
F[ r

o
g

H oY Y 5452 2A 3 AN AT - fEEHEZ Y dAE9 TL, PSL
HA Mol 23t dose-responsibility stability test= A-2Z 7104 low density polyethylene
(LDPE) filme] Zgste] ¢alel 0, 3, 6, 9, 1270 AFstAA HAAZMS717 AAAPES
A skt

ARZA AFdAE FEAES EHE, GAMIZRAL 7ol & AR/ T4 9
A 13F 2 olf2 F4& A5 1558 AZHEH F7HHE gz ol Hod%d
ZekA 1kGyE ZAF3E 3 TL, PSLE o] 43t AR5 4e ARSI 2AX) £ 9
As 22 156%F, 12F% F7HHo 2 GRste mjdurt dddez =2 dAss ek,
AAA 0,1, 3, 5, 7ZkGy2 5 point FAlst wiFu] 7} B B8 F AAHELS F5 g
o] E7t5E oz A FFHe AAE e Frkd 7kGyE ZASIY HATMEAEE
skt

12+ A
A=

rie

i

o]N

S F3 TL & PSLE o|&3] AA7}F 7hsd Aoz &= ARG 2 of4
AA ZAEHF 2 olfA AF Az Al wF ol wek F5S groupingsdt

3 ez A 0, 1, 3, 5, 7kGy R ZAEATE MY 2 MEFdaz xA)

Al uigt Wl el v 2AF A8 Aol 13 AEFA A AEE Axsa, 2

G AA wgH RS YFo7tEA dew B HFAHYA HEFAE AT

e

fr
it
e
>
kil
il
>,

N
fo
&
ol

13 A2% 5 TL 2 PSLE ol8d) AX 753 Az 5 247 A48 3 ¥
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9=

o

AAF] B A FAntA 2ANF

HE

2. ZehA - ARA AP E FALFH

7} F A= 93F (Photo-stimulated luminescence, PSL) &4
(1) PSL A|59 "7 = =4

Q PSL E4& CEN # skl AAstgth 2 Agol A&E PSL system (SURRC:

it

o
Scottish Universities Research and Reactor Center, UK)-& A|o]|&x]9} sample chamber
2 detector head assemblyZ AT o] Qlth AAFA= & Hed @@rjo] =9 23|

MN

g
=

Aele 2 A TAFX7F A ZAMAEERRE W3E "W 4 X|= bialkali cathode

) ZZPH ZEHol7 Fol WEHY AMYAE Fo) 28 YolidA Fo| photon
w9z SAsEe] tehdn

QO =42 01~3g2] A5E FHsle] 50 mm #7He] 13]8 petri dish (Bibby sterilin type 122)

=il sample chambero] ¥-& g SAHEE 2T HEHE WY & 602 T B

24702 JERRROH Tablent 2& 2707 ZAs AT}

g

2

4

Table 10. Analyzing conditions for photo-stimulated luminescence

Specification Condition

Cycle time 1 sec

Cycle times 60 times

Dark count 24 + 24

Light count 2+ 13
(2) PSLA =] #A

Q A Z3te] #Aol A lower threshold value= T:1=700 counts/min, upper threshold value
T,=5000 counts/min Z T; °]s}e] Zk2 H] FA} A= (negative control)Z T, ©]/e] Fhe
WAL ZAME AR (positive control) 2 HHE 3 T}

1}, dul33(thermoluminescence, TL) Al

(1) TL& Al 59| A& (mineral &)

QTL =A< 98 2483 mineralS &7
FH2 10g ~200g WA HF AFHL &5 F}E 10~200ge] A]E S water rinsing
st WO E mineral AMHAT + UATH F, AT AAE E= HAF(@AA AEFS
7ol BQ)o dFHF FHF4E 718t ultrasonic agitatoroll A 587 AE 3 &
Al AlEE water rinsingd}™ 125um sieveE T3 A|AH A HAAIZ & JAHES

stk FAHELS Test tubeo] &4 B2 & sodium polytungstate solution (2.0 g/mL)

L
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Weigh Samples

Transfer Sediment

Vortex

Washing with acetone

Dissolve samples & Isolate
organic materials

4

Centrifugation

4

Sonicate & washing

4

Transfer minerals

Fig 5. Procedure of TL analysis.
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2% minerald =

Filtering & Isolating
organic materials

Add 10ml of Polytungstate
& Isolating organics

Add 10ml of 4N Hcl
& washing

TL analysis

Z ¥ mineral 0.2 mgS aluminium disc(6 mm)ol] &7 FI 50C incubatorol| A &= %}



o4 3 & 4t

O & AR vl T3t dAEZL viFE] de F4 f7bs SAF AES FU15S
48] AAA Xohe A @ @F F EAE F AV WEe AP AETER
AAE FHE WE - HHgste o5 s FE25AT

(2) TL =4

O ¥ ¥ mineral®] TL spectra S8 TL 3 A] 2% noiseo] 23 QS Hormz bl
Z7dA &H A TLD system(TLD-4500, Harshaw, Wermelskirchen, Germany)2 #AH =

I A% N; gas(99.999%)2 108EA-AE S REW & Tabled] A2 =43}
Table 11. Measurement conditions for thermoluminescene
Specification Condition
Preheat temperature 50C (5 sec)
Temperature rate 5C/sec
Maximum temperature 400°C
Acquire time 70 sec

Annealing temperature

400C (5 sec)

(3) TL intensity normalization

=2 Al TLE A3t Uehd glow curvee] 150~250C -7+ W3
sith, ZF A|E9 A el glow curve intensity®] normalizationS €
ek
1.0 kGye] =
de HH ke TL, AZAF & SHMA 73 |14
A 2)2

Ny EFAF A

A 12} glow

&

curve(TL)E ST F B4 Z AP A (KAERD)S ©]

A=

-1

S AHE (Gy/seq)Z A
stk A

o] kg %3 TL ratio(TL: glow curve/TL, glow curve?] ™

$3W AL % FHelo] Fhsaw,

T=E AAIEte] 23 glow curve(TLy)E

z}

=] 2k

= o] TL,o]

o] ratioS

]_

H

Hri
ol

threshold value@ o] SIESEN 7

Al siE o8 gk 12k TL 7ol A TL ratio 2F&7hA 9] d@e] 7 -& normalization©]
2} s},
Q& dAFMes JAEF - ZAERF - o748 - 2MA - S SAF 2 3T dARNA F
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2% BB o8 TL, BH e T8I, 1 kGyE AXAS TL, B e 423
%, TL ratio gko] 01 olajel® WZALTE, 01 olgelw ZATR Bosigon 1 4w

= Originell 2|3 £435}5 ).
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Fig 6. Results of TL analysis.
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Fig 7. Results of PSL analys
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2 3R APl FAATET ol AYdA oA &5 7}
A=A
kGy Irradiation does
control 1 3 5 7
sample
N N N |
o N
o 346 637 669 884
= N N N N
3 N
E: : 626 654 536 531
= N N N N
62 N
& X 509 161 481 374
= N | | |
= oM& N
= 669 1448 808 1004
N | | N
3 N
N : 632 662 1130 461
A
= N N N N
62 N
592 601 636 476

Fig 8. Results of PSL analysis.
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Fig 9. Results of TL analysis.
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p
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Fig 10. Results of PSL analysis.
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Fig 11. Results of TL analysis.
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Fig 12. Results of PSL analysis.
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Fig 13. Results of TL analysis.
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Fig 14. Results of PSL analysis.
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Fig 15. Results of TL analysis.
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v}

AR (@A R)O AP AH

FAHE FBAE T AVIEFE GAE F8 AAEER AMSEHTE kRS ETF HAW
WMl PSLIt TLg ol&sf AMA(FEPHE, AR ZAL Ko #Eo] 753k 2R Ve
ST PSLE o] &3t AA A3 HA@ A, AAA)ERE Aol wat A= 23 grol
A F7F ¥ Edevt HAAE vEhiA &skth TL £42 SaiAs dARE
Aol thdk A =E A (quantitative analysis)= 7}53F Ao 2 ey

AAEQ kA&l et TL BHollM= A A& F SgoldFH A AL o o

=
of AR 37 GHe RYT AN AR F& Bok /A Uzl wet B§S 9

Hste muE Aer g wet AlxzdAoAe] FEBER ol HGTA o A

= 8% AANHOR Z8o] 7T Aoz FAAFHAH.

kGy [rradiation does
sample control 1 3 5 7
P P P P
o1& N
2} 11550 28674 45609 23048
P P P P
O 343 N
16047 31967 22978 23328
A
= P P P P
Ok 6HE N
T 13958 28289 19395 42062
- P P P P
= o1& N
= 30495 21668 27688 35286
P P P P
A 304 N
M 18666 31955 31966 25782
= P P P P

63 N
16725 23511 34231 30652

Fig 16. Results of PSL analysis.
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Fig 17. Results of TL analysis.
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Fig 24. o]f4] 952 W3+ TL

Fig 25. o]-f4] 9AE3)d W3+ TL
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Q o2 AR F 223 AAYHTLE 53l &Aool 7H5e Aoz e A7tzd

e - RS ARl EE S 1~10%), WEY - £F
EFUIKL - Al FXED - Ju7| 22 el s 1%018h) 5
1170 Z2+e] QASE SAF TEHE v vl w2} 371 2F(grouping) o 2 EF3H
H Z 28 £33 AAES Y3 oz 2 A|Ed tha] #@ekA(, 3, 5, 7kGy)#
AAA(1, 3, 5, 7kGy)e. 2 ZAsHATh

Table 12. Samples for Determination of Detection Limit

T T HZ AE Az AlE
(01 A1) (2 ) 39 group) He Ame)
groupl  (£71=)8012 20%0] At
(Sils)zogy
(9=l e )
GOURZ (2oim)susy 1o
(I =s)Att=2at 20k 1, 3, 5, 7KGy 20 7KGy
HMIE 1,35 7KGy — FIA 7KGy
(2] =)H 2
=5l .
aous ooy axze PO
sten DIy

Q 2718 HEAF &< A5 (groupl)= SAIF Ax Al wjdrlsol me} ZAFHA 32 ]

FA 75%0 Y- A% EE A" 27T 25%E 0] 87 ARE Az ols A
o tig TL £423 ZArbd, AAd 2T 1kGyoll A 7kGy7tA] BE AZFolA HEol
7FsEE U F AT AUFRE olfA EAF Ax Al oln] 20%0]4 =& wiF
HE2 IFEs dAEolERE F7HAQ HAEIA AEL A7t Qlo] salishA &t

HAF Az Al vFHE(1~10%)°] FARRE FEEE - HEEd - SEHEE - AMFHE TS 4]
2 AlE(group2)E Y - A" HE2 AR T 10% ASE(EAME AAE 10% + H] FA}
ol-f4 90%) AUE AFE 87, 5% A B(RAIH AAFE 5% + ¥ A} o2 95%) 87,
3% AEBE(ZAIE 9AE 3% + °] FA} o742 97%) 87] T 247 A|REE A Zste] TL £
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Fig 26. Results of PSL analysis.
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Fig 27. Results of TL analysis.
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Fig 28. Results of TL analysis.
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Fig 29. Results of TL analysis.
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Fig 30. Results of TL analysis.
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