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SUMMARY

. Project TitleⅠ

Development of Detection Methods for Irradiated Agricultural Products

. Objectives and Importance of the ProjectⅡ

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.

. Contents and Scope of the ProjectⅢ

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 Irradiated 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. Identification 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 -ray.γ

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

processing types (mixing, drying, sterilization).

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

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

Section 3. Distinguishing Techniques on the Irradiated 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 Irradiated Agricultural

Materials and Products

At present, irradition method permitted in Korea is -ray(C0-60). It has the advantage that it canγ

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, -irradiation is only permitted in Korea, but both -irradiation and E-beam are permitted inγ γ

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 irradiated 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.



- 19 -

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.

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

. Results of the Project and their ApplicationsⅣ

Section 1. Development of livestock products irradiation judgement technique by

chemical detecting method

A. 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.

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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D. 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.

E. 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.

F. 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.

G. 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.

H. 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 Irradiated 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 , but samples, irradiated by℃

-ray over 1 kGy showed high intensity of TL glow curve in 150-250 range. To increase theγ ℃

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.

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 -ray irradiated sample in differentγ

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 150~250℃

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, 85 ), 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 150~250 for irradiated & after 280 for℃ ℃

un-irradiated), was only way to evaluate the possible treatment because all TL ratio wereunder

0.1. The luminescence 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 Irradiated 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

B. R2 value was more than 0.95, dose estimation could be applied by regressional analysis.

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

Gamma-ray and electron beam

D. 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.

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

method was best for the pre-treatment.

F. 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 Irradiated 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 150 250 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 150 250 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

-ray, 1,7-hexadecadiene and 8-heptadecene that are markers for irradiation were detected andγ
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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(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(85 ). In℃

both mixed products containing irradiated garlic powder, grow curve was detected in a range of

150 250 . 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 irradiated 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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2010.

9. 16
J. Ginseng Res.

PSL Characteristics of Irradiated Food Materials on
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2010.

9. 30
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10.27-29
한 식 양과학
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2010.

10.27-29
한 식 양과학
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2010.

10.27-29
한 식 양과학
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2010.

10.27-29
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2009.
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2010.
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2010.
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2010 사 산업학
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

1 닭고 ★ hydrocarbon marker C17:1, C16:2, C14:1
2 돼지고 ★ hydrocarbon marker C17:1, C16:2, C14:1
3 고 ★ hydrocarbon marker C17:1, C16:2, C14:1
4 지 ★ Ⅹ Ⅹ ○ 사 별여 는 확 가능

5 Ⅹ Ⅹ ★ ○ 사 별여 는 확 가능

6 식 ★ ○ ★ ○ 사 별여 는 확 가능

7 식 ★ hydrocarbon marker C17:1, C16:2, C14:1
8 비프 말 포S( ) ★ ○ Ⅹ ○ 사 별여 는 확 가능

9 비프 말 햄D( ) ★ ○ Ⅹ ○ 사 별여 는 확 가능

10 가공 즈 ★ hydrocarbon marker C17:1, C16:2, C14:1
11 연 즈 ★ hydrocarbon marker C17:1, C16:2, C14:1
12 포 ★ ○ Ⅹ ★ hydrocarbon marker C17:1, C16:2, C14:1

13 비엔나 시지 Ⅹ Ⅹ Ⅹ ★ hydrocarbon marker C17:1, C16:2, C14:1

14 트린 Ⅹ Ⅹ ★ 원재료

15 청단 Ⅹ Ⅹ ○ 원재료

16 탄산 Ⅹ Ⅹ 원재료

17 DHA Ⅹ Ⅹ 원재료

18 산2 Ⅹ Ⅹ 원재료

19 염화 Ⅹ Ⅹ 원재료

20 드 Ⅹ Ⅹ 원재료
21 염화콜린 Ⅹ Ⅹ 원재료

22 염화마그 Ⅹ Ⅹ 원재료

23 황산 철1 Ⅹ Ⅹ 원재료

24 황산아연 Ⅹ Ⅹ 원재료

25 황산동 Ⅹ Ⅹ 원재료

26 락 린 Ⅹ Ⅹ 원재료

27 가루 ★ ○ Ⅹ 식 원재료

28 당근 말 ★ ○ ○ 식 원재료

29 보리 말 ★ ○ ○ 식 원재료

30 호 말 ★ ○ 식 원재료

31 사과 말 ★ ○ ★ 식

32 말 ★ ○ ○ 식 원재료

33 혼합비타민 ★ ○ 식 원재료

34
아 코 빈산타L-

나
★ ○ 식 원재료

35 비타민K1 ★ ○ 식 원재료

36 타 틴 Ⅹ 식

37 시 말 ★ ○ 식 원재료

38 쇠고 말 ★ ○ ○ 식 원재료

39 산철 Ⅹ Ⅹ 식 원재료

40 산화아연 Ⅹ Ⅹ 식 원재료

41 야채 말 ★ ○ 식 원재료

42 지 ★ Ⅹ 지

43 단 Ⅹ Ⅹ 지 원재료

44 고 말 ★ ○ ★ 지 원재료

45 마늘시즈닝 ★ ○ ★ 지 원재료
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

46 루타민L-
산나트 ★ ○ ★ 지 원재료

47 코 닐색 ★ ○ ★ 지 원재료

48 가공 Ⅹ Ⅹ Ⅹ 지 원재료

49 우 Ⅹ Ⅹ ★ 지 원재료

50 염 Ⅹ Ⅹ ○ 지 원재료

51 산염 Ⅹ Ⅹ ★ 지 원재료

52 빈산 Ⅹ Ⅹ ★ 지 원재료

53 에리 빈산
나트 Ⅹ Ⅹ ★ 지 원재료

54 아질산나트 Ⅹ Ⅹ ★ 지 원재료

55 산도 Ⅹ Ⅹ 지 원재료

56 콜라겐 Ⅹ Ⅹ 지 원재료

57 마늘 말 ★ ○ Ⅹ 포 원재료

58 후 말 ★ ○ Ⅹ 포 원재료

59 고 가루 ★ ○ 포 원재료

60 생강 말 ★ ○ 포 원재료

61 양 말 ★ ○ 포 원재료

63 리신 ★ ○ ○ 포 원재료

64 비타민씨 Ⅹ Ⅹ ★ 포 원재료

65 당 Ⅹ Ⅹ ★ 포 원재료

67 클링 트 Ⅹ Ⅹ 포 원재료

68 비 Ⅹ Ⅹ ★ 포 원재료

69 양 ★ ★ ★

70 당근 ★ △ ★ Ⅹ

71 시 ★ ○ ★

72 건 ★ ★ ★

73 건호 ★ △ ★

74 청경채 ★ ★ ★

75 피 타 ★ △ ★

76 호 ★ Ⅹ Ⅹ △

77 키 ★ ★

78 감 ★ △ Ⅹ

79 ★ ★ ★ ★

80 ★ ★ Ⅹ

81 ★ ★ ★

82 강낭콩 ★ ★ ★

83 고 ★ △ ★ Ⅹ

84 후 ★ △ ○

85 강황 ★ ★ Ⅹ

86 ★ ★ Ⅹ Ⅹ

87 ★ Ⅹ Ⅹ

88 참 ★ ★ Ⅹ ★

89 들 ★ ★ Ⅹ ★

90 고 ★ △ Ⅹ
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

91 느타리 ★ △ Ⅹ

92 건포도 ★ ★ ★

93 건망고 ★ Ⅹ ★

94 삼 ★ ★ ★

95 삼 말 ★ ★ ★

96 홍삼 ★ ★ Ⅹ

97 말 프 A ★ ★ ★

98 말 프 B ★ ★ ★

99 복합 미식 A ★ ★ ★

100 복합 미식 B ★ ○ ★

101 즉 취식 A ★ ★ ★

102 즉 취식 B ★ ★ ★

103 액상 A ★ ★ Ⅹ

104 액상 B ★ Ⅹ Ⅹ
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

1 닭고 ★

2 돼지고 ★

3 고 ★

4 지 ★ Ⅹ Ⅹ ○ 량 어 움

5 Ⅹ Ⅹ ★ ○ 량 어 움

6 식 ★ ○ ★ ○ 량 어 움

7 식 ★

8 비프 말 포S( ) ★ ○ Ⅹ ○ 량 어 움

9 비프 말 햄D( ) ★ ○ Ⅹ ○ 량 어 움

10 가공 즈 ★

11 연 즈 ★

12 포 ★ ○ Ⅹ ★

13 비엔나 시지 Ⅹ Ⅹ Ⅹ ★

14 트린 Ⅹ Ⅹ ★ 량 가 원재료( )

15 청단 Ⅹ Ⅹ ○ 량 가 원재료( )

16 탄산 Ⅹ Ⅹ 량 가 원재료( )

17 DHA Ⅹ Ⅹ 량 가 원재료( )

18 산2 Ⅹ Ⅹ 량 가 원재료( )

19 염화 Ⅹ Ⅹ 량 가 원재료( )

20 드 Ⅹ Ⅹ 량 가 원재료( )

21 염화콜린 Ⅹ Ⅹ 량 가 원재료( )

22 염화마그 Ⅹ Ⅹ 량 가 원재료( )

23 황산 철1 Ⅹ Ⅹ 량 가 원재료( )

24 황산아연 Ⅹ Ⅹ 량 가 원재료( )

25 황산동 Ⅹ Ⅹ 량 가 원재료( )

26 락 린 Ⅹ Ⅹ 량 가 원재료( )

27 가루 ★ ○ Ⅹ 식 원재료

28 당근 말 ★ ○ ○ 식 원재료

29 보리 말 ★ ○ ○ 식 원재료

30 호 말 ★ ○ 식 원재료

31 사과 말 ★ ○ ★ 식

32 말 ★ ○ ○ 식 원재료

33 혼합비타민 ★ ○ △ 식 원재료

34
아 코L-

빈산타나
★ ○ 식 원재료

35 비타민K1 ★ ○ 식 원재료

36 타 틴 Ⅹ Ⅹ 량 가 식( )

37 시 말 ★ ○ 식 원재료

38 쇠고 말 ★ ○ ○ 식 원재료

39 산철 Ⅹ Ⅹ 량 가 식 원재료( )

40 산화아연 Ⅹ Ⅹ 량 가 식 원재료( )

41 야채 말 ★ ○ 식 원재료

42 지 ★ Ⅹ 지

43 단 Ⅹ Ⅹ 량 가 지 원재료( )

44 고 말 ★ ○ ★ 지 원재료

45 마늘시즈닝 ★ ○ ★ 지 원재료
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

46 루타민L-
산나트 ★ ○ ★ 지 원재료

47 코 닐색 ★ ○ ★ 지 원재료

48 가공 Ⅹ Ⅹ Ⅹ 량 가 지 원재료( )

49 우 Ⅹ Ⅹ ★ 량 가 지 원재료( )

50 염 Ⅹ Ⅹ ○ 량 가 지 원재료( )

51 산염 Ⅹ Ⅹ ★ 량 가 지 원재료( )

52 빈산 Ⅹ Ⅹ ★ 량 가 지 원재료( )

53 에리 빈산
나트 Ⅹ Ⅹ ★ 량 가 지 원재료( )

54 아질산나트 Ⅹ Ⅹ ★ 량 가 지 원재료( )

55 산도 Ⅹ Ⅹ 량 가 지 원재료( )

56 콜라겐 Ⅹ Ⅹ 량 가 지 원재료( )

57 마늘 말 ★ ○ Ⅹ 포 원재료

58 후 말 ★ ○ Ⅹ 포 원재료

59 고 가루 ★ ○ 포 원재료

60 생강 말 ★ ○ 포 원재료

61 양 말 ★ ○ 포 원재료

63 리신 ★ ○ ○ 포 원재료

64 비타민씨 Ⅹ Ⅹ ★ 량 가 포 원재료( )

65 당 Ⅹ Ⅹ ★ 량 가 포 원재료( )

67 클링 트 Ⅹ Ⅹ 량 가 포 원재료( )

68 비 Ⅹ Ⅹ ★ 량 가 포 원재료( )

69 당근 ○ Ⅹ △ Ⅹ 별가능 간 개월ESR : 7

70 호 ○ Ⅹ Ⅹ △

71 △ △ △ ★ 별가능 간 개월ESR : 6

72 고 가루 ○ Ⅹ △ Ⅹ 별가능 간 개월ESR : 9

73 ○ ○ Ⅹ Ⅹ

74 참 ○ ○ Ⅹ

75 복합 미식 ○ ○ △
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N0 시 료
물리 화학

비 고
TL PSL ESR hydrocarbons

1 닭고 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

2 돼지고 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

3 고 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

4 식 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

5 가공 즈 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

6 연 즈 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

7 비엔나 시지 ★
사 원료 상5, 10 kGy 10%

혼합시 별가능

8 식 ★ Ⅹ △

감마 각각 사, 1, 3, 5, 7kGy

원료 혼합하여 한(8 ) 3%

별가능.

혼합 시 검지가능1%

9 지 ★ - ★

감마 사 원료 상 혼합10kGy 1%

하여 실 생산 공 거쳐 한

별가능

10 강황 말 ○ ○ Ⅹ

감마 사시PSL : 1 kGy 0.7-7 %

상 혼합시 별가능

감마 사시10 kGy 0.3-6%

상 혼합시 별가능

감마 사시 상 혼TL : 1 kGy 4%

합시 별가능

감마 사시 상10 kGy 3%

혼합시 별가능

11 포도당 ○ 상 함 시 확 가능7kGy 1%

12 양 ○
상 함 시 확1kGy 30%, 10kGy 5%

가능

13
마

후 크
△ 사원료 상 함 시 확 가능10%

14 건미역 △ 사원료 상 함 시 확 가능10%

15 건 고 △ 사원료 상 함 시 확 가능10%

16 건호 △ 사원료 상 함 시 확 가능10%
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N0 시 료
물리 화학

가공 비 고
TL PSL ESR hydrocarbons

1 닭고 ★ 열처리

2 돼지고 ★ 열처리

3 고 ★ 열처리

4 식 ★ 열처리

5 가공 즈 ★ 열처리

6 연 즈 ★ 열처리

7 비엔나 시지 ★ 열처리

8 식 ★ Ⅹ △ 열처리

9 지 ★ - ○ 열처리

10 미쇠고 말 Ⅹ Ⅹ Ⅹ 무건 사여 별가능TL

11 미 말 ○ Ⅹ Ⅹ 무건 사여 별가능TL

12 미마늘 말 ★ Ⅹ Ⅹ 진공건 사 여 별 가능PSL/TL

13 비 브 ★ Ⅹ Ⅹ 진공건 사 여 별 가능PSL/TL

14 마늘 말 △
혼합/

살균

감마 상 혼1 kGy, 1.5%

합시 사여 별가능TL
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SUMMARY

. Project TitleⅠ

Development of Detection Methods for Irradiated Agricultural Products

. Objectives and Importance of the ProjectⅡ

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.

. Contents and Scope of the ProjectⅢ

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
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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

. Results of the Project and their ApplicationsⅣ

Section 1. Development of livestock products irradiation 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.
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3. 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.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.
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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.



- 11 -

CONTENTS

목 차( )

Submission

Summary(korean)

Summary(english)

. Outlines of project and developmentⅠ

1. objectives and necessity of project development

. Current situation of domestic and overseas technology developmentⅡ

1. current situation of domestic and overseas related technology

. Contents and results of project developmentⅢ

1. Introduction

2. Materials and method

3. Preperated experiment and results

4. Results of project

. AccomplishmentⅣ

. ApplicationⅤ

. ReferencesⅥ



- 12 -

목 차



- 13 -



- 14 -



- 15 -

1

1.



- 16 -



- 17 -

1

1

(1)

(2)

(3)

(4,5)

(6)



- 18 -

(7-13)

(14-22)

(23)



- 19 -

(24)

(25-33)

(34)

(35,36)

(37-40)

α β



- 20 -

a b c d
H2C-O-CO-CH2-CH2-R
e ｜
HC-O-CO-R
｜

H2C-O-CO-R



- 21 -



- 22 -

σ



- 23 -



- 24 -



- 25 -

μ

μ



- 26 -



- 27 -



- 28 -



- 29 -



- 30 -



- 31 -



- 32 -

μ



- 33 -



- 34 -



- 35 -



- 36 -

μ



- 37 -

Oleic acid

Irradiation dose (kGy)

0 2 4 6 8

m
g

/k
g

 f
a

t

0

1

2

3

4

5

6

7



- 38 -

μ



- 39 -

μ



- 40 -

Oleic acid (pork)

Irradiation dose (kGy)

0 2 4 6 8

m
g

/k
g

 f
a

t

0

2

4

6

8

μ



- 41 -

μ



- 42 -

Oleic acid (beef)

Irradiation dose (kGy)

0 2 4 6 8

m
g

/k
g

 f
a

t

0

1

2

3

4

5

6

C17:1
C16:2

μ



- 43 -

μ



- 44 -

μ



- 45 -



- 46 -

μ



- 47 -



- 48 -

Oleic acid (edible oil: SPE)

Irradiation dose (kGy)

0 2 4 6 8

m
g

/k
g

 f
a

t

0

1

2

3

4

μ



- 49 -

μ

Radiation-induced hydrocarbon



- 50 -



- 51 -

μ



- 52 -



- 53 -

μ



- 54 -

μ

Radiation-induced hydrocarbon



- 55 -



- 56 -

μ

Radiation-induced hydrocarbon

 



- 57 -

μ



- 58 -

μ

Radiation-induced hydrocarbon



- 59 -

 



- 60 -

μ



- 61 -

μ



- 62 -

μ



- 63 -

μ



- 64 -

 



- 65 -

μ



- 66 -

μ



- 67 -

μ



- 68 -

μ

Radiation-induced hydrocarbon



- 69 -

전 선



- 70 -

 

μ

Radiation-induced hydrocarbon



- 71 -

μ



- 72 -



- 73 -

nature cheese

μ

2.743 0.8175 0.792 2.72 0.25 0.994

2.885 1.5 1.25 3.42 0.671 1.448

3.447 2.178 1.59 2.605 0.887 1.994

3.758 2.652 1.925 4.28 1.231 2.432

4.555 2.949 2.377 5.567 1.932 3.228

Radiation-induced hydrocarbon

μ



- 74 -

nature cheese



- 75 -

μ



- 76 -

μ



- 77 -

μ



- 78 -

μ



- 79 -



- 80 -

μ



- 81 -

μ



- 82 -

Oleic acid (edible oil: LC)

Irradiation dose (kGy)

0 2 4 6 8

m
g

/k
g

 f
a

t

0

1

2

3

4

5

6

μ



- 83 -

μ



- 84 -

C16:2 (LC column)

0

0.5

1

1.5

2

2.5

3

3.5

4

0 1 3 5 7

Irradiation dose (kGy)

m
g

/k
g

 f
a

t

After 6 months of storage

Immediately after treatment

C17:1 (LC column)

0

0.5

1

1.5

2

2.5

3

0 1 3 5 7

Irradiation dose (kGy)

m
g

/k
g

 f
a

t

After 6 months of storage

Immediately after treatment

C16:2 (SPE)

0

0.5

1

1.5

2

2.5

3

3.5

4

0 1 3 5 7

Irradiation dose (kGy)

m
g

/k
g

 f
a

t

After 6 months of storage

Immediately after treatment

C17:1 (SPE)

0

0.5

1

1.5

2

2.5

3

0 1 3 5 7

Irradiation dose (kGy)

m
g

/k
g

 f
a

t

After 6 months of storage

Immediately after treatment



- 85 -



- 86 -



- 87 -



- 88 -



- 89 -



- 90 -



제 협동1

수출 농산가공원료 및 제품 조사 처리여 판별기술 개발

Development of Detection Methods for Irradiated Agricultural

Materials and Products



- 1 -

“ ” (

“ ”)

.

2011 9

：

：

：

：

：

：

Kashif Akram：



- 2 -

목.Ⅰ

식 사 사 별 개

연 개 목 필.Ⅱ

본 연 개 목 식 약 안 청에 고시 시행 사식 시험 에“ ”․

해 다양한 식 에 시험 용가능 하고 사여 별 어 운 사,

원료가 포함 식 나 가공식 에 해 합한 별 립하고 하는 다 식.

사 사는 개 에 여 식 에 하여 허용 어 에 라56 230 ,

사 식 상 므 과 리하고 가공과 해 변 할

는 별마커에 한 한 보 별 체계 보가 시 고 다.

연 개 내용.Ⅲ

산가공원료 사 처리여 별 개1.

사식 시험 용 과 고 다 비 식 여, 40

상 리 에 한 별특 간에 라 니 링하고 가(PSL, TL, ESR)

공 에 해 변 하는 별마커 니 링 실험 행하 다 아울러 식 에 사 었.

시 나타나는 특 과 라 도 평가하여 식 에 사 량 하고 식,

산업체 하여 통해 본 연 결과 신뢰도 고 용inter-laboratory test ,



- 3 -

보하 다.

가 감마 처리 산가공원료 리 검지마커. D/B

나. 산가공원료 원산지 에 질 특marker ESR signal D/B

다 감마 처리 산가공 리 검지마커. ( ) D/B

라 감마 처리 산가공원료 가공 태 합 건 살균 별 별마커 니 링. ( , , )

마 감마 사 산가공원료 가공 량 평가 개. /

연 개 결과.Ⅳ

산가공원료 사 처리여 별 개1.

가 열 에 한 식 별 특 시험에 비. (thermoluminescence) (35 )

사시료는 후에 매우 낮 강도 나타내었 나300 TL glow curve 1 kGy℃

상 감마 사시료는 에 강도 나타내었다 결과150-250 TL glow curve .℃

신뢰도 하여 시료 재 사 후 다시 한, (re-irradiation) glow

상 에 해 산 는 비 사시료 하 사시료 상 각curve TL ratio 0.1 , 0.1　

각 나타내어 사여 하게 별할 었다 별마커 시험에 상. TL

후에도 강도 는 다 감 하 나 사여 별 가능1 TL signal TL ratio

한 지하 다.

나 핀공 에 건 당근 시 피 타. (electron spin resonance, ESR) , , , ,

고 가루 삼등 에 한 나타내었고 양, , , , cellulose radical signal , ,

건포도 건망고 복합 미식 취식 말 프 등 래, , , , crystalline sugar

찰 었 는 사 량에 매우 었multi-component signal signal intensity

다 상 간 개월 지 찰 가능하 고. cellulose radical 8~9 , crystalline

간 후에도 검 가능하 다sugar radical 1 .

다 극 에 시 양. (photostimulated luminescence, PSL) , , , ,

강 건포도 삼 액 말 프 미식 액상 등 비 사시료는, , , , , , ,
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하 값 사 는 상 값700 photon counts(PCs) negative , 5,000 PCs positive

나타내어 사여 크리닝 가능하 다 하지만 당근 피 타 고. , , , ,

가루 후 고 느타리 건망고 등 식 감마 사 에, , , , ,

나타내어 용가능 낮았다700-5,000 PCs(intermediate) PSL .

라 산가공원료 산지 에 별특 비 실험 에 강도. (TL, PSL)

하고는 상 찾지 못하 다 는 각 산지. PSL, TL, ESR

달라도 보편 용가능하다고 단 었다 또한 삼 연근에 라. ESR signal

한 결과 재 간 가 가하는 것 나타나cellulose signal intensity

함량 별에 큰 향 미 는 것 었다cellulose .

마 감마 사 강 말 비 사 시료 다 비 합하여 과. (0.1~10%) PSL

한계 비 하 다 에 사 시료는 합비TL . PSL PCs 1 kGy

하에 는 값 에 는 값0.5% negative (<700) , 0.5~9% intermediate (700~5,000)

나타내었고 에 는 값 나타내었다 그리고 사시료는10% positive (>5,000) . 10 kGy

에 값 그 상 합비 에 는 값과 값 각각0.1% negative , intermediate positive

나타내었다 에 는 합시료 는 비 사 사 간에 한 차. TL glow curve

보여 사여 별 가능하 나 는 하 나타나 별마커, TL ratio 0.1

용 가능하 다.

감마 사 미식 원료 쇠고 말 말 비 브 말 에 하여. 4 ( , , , )

건 건 진공건 에 라 별마커 변 니 링 하 다 건( , ) . PSL

결과 사 는 나 건 후에는, 4,542~13,149,556 PCs 297~7,619,471 PCs

별값 크게 감 하 다 특 건 쇠고 말과 말. , 5 10 kGy

사 하 값 나타나 사 후 건 과 거 는 상700 negative ,

미식 원료는 용 어 운 것 었다 결과PSL screening . TL , 5

사 시료에 는 건 후 에 가 었10 kGy 150~250 glow curve℃

비 사 시료에 는 나타나지 않았다 진, signal . TL PSL signal

공건 에 비해 건 가공에 해 별마커 감 가 크게 나타났다.

사 사 마늘 말 식 재료 합 가공 살균 하여 액상. (0.5~3%), ( , 85 ) 2℃

고 양 별가능 검 하 다 결과 비 사 합가공시료는( , ) TL . TL
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후에 곡 나타났 사 합가공시료는 에280 150~250℃ ℃

가 나타나 사여 별에는 향 주지 않았다 는 하glow curve . TL ratio 0.1

낮 값 나타내어 태 만 가능하 다 강도는 질glow curve .

양에 라 크게 다 게 나타나 량 합비 에 차 는 찰 지 않,

았다.

아 용하여 시료 고 가루 복합 미식 에. PSL, TL, ESR 4 ( , , , )

해 사 후 상 간 동안 별마커 변 니 링하고 량1

한 식 도 하 다 도 탕 량 사.

시료 간동안 하 검 한 결과 차 내에 량,

가능하 다.

연 과 과 용 계.Ⅴ

과1.

건 간연도 학 지

SCI 3

Food Irradiation for Mushrooms: A Review 2010
J. Korean Soc. Appl.

Biol. Chem.

Detection of Irradiated Fresh Mushrooms by Different Physical

Methods
2011

Radiat. Phys. Chem.

[In progress]

PSL Characteristic of Soils Separated from Irradiated Fresh

Onions during Storage under Different Light Conditions
2011

Radiat. Phy. Chem.

[In progress]

비SCI 3

사 사 원에 과 리 검지특 2009 한 식 통학

미료 사 사 원에 핀공 특 2009 한 식 통학

미 사 처리여 별 한 도 검 2010 한 식 과학

학

8

Effect of Change in Sample Concentration of Cellulose or

Sugar Radical on ESR Spectra in Irradiated Food.

2010.

6.16-18

Korean J. Food Sci.

Technol.

Evaluation of Effect of Mn
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Radical on ESR Spectra of Sugar

and Cellulose in Irradiated Food.

2010.

6.16-18

Korean J. Food Sci.

Technol.

Luminescence Characteristics of Ginseng Roots from Different

Production Origins to Identify Irradiation.

2010.

9. 16
J. Ginseng Res.

PSL Characteristics of Irradiated Food Materials on Solubility

in Distilled Water.

2010.

9. 30
Korean J. Food Preserv.

리 용한 감마 사 건 과 사여
2010.

10.27-29
한 식 양과학

감마 사 말 프 리 별 특
2010.

10.27-29
한 식 양과학
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2010.
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2010.

10.27-29
한 식 양과학
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과 용계2.

산가공원료 사처리여 별 보 한 연 에 다 비

식 사처리에 리 별마커 간에(PSL, TL, ESR) DB

마커안 량 한 식 도 함 행 사식 시험

용 과 한 에 필 한 료 용 가능하다DB .

아울러 산가공원료들 사처리 후 가공공 건 합 살균 에 마커들 변( , , )

산 학 연 동연 통해 함 산업 에 가공원료들· · (interlaboratory test)

리에 직 용할 는 보 보하 다 그리고. 산가공원료 원산지 에

별마커들 함 미지시료들 사여 별 리에 행 리,

시험 용 고에 용 다.
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SUMMARY

. Project TitleⅠ

Development of Detection Methods for Irradiated Agricultural Products

. Objectives and Importance of the ProjectⅡ

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.

. Contents and Scope of the ProjectⅢ

Section 1. Development of Detection Methods for Irradiated 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
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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. Identification 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 -ray.γ

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

processing types (mixing, drying, sterilization).

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

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

. Results of the Project and their ApplicationsⅣ

Section 1. Development of Detection Methods for Irradiated 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 , but samples, irradiated℃

by -ray over 1 kGy showed high intensity of TL glow curve in 150-250 range. To increaseγ ℃

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.
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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 -ray irradiated sample in differentγ

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.



- 10 -

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 150~250℃

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, 85 ), was investigated for 2 different kinds of liquid sauces (bul-gogi, ssam-jang). In℃

result, shape of glow curve (in range of 150~250 for irradiated & after 280 for℃ ℃

un-irradiated), was only way to evaluate the possible treatment because all TL ratio wereunder

0.1. The luminescence intensity appeared differently for different sample depending upon

theamount of contaminated minerals, so difference caused by dose and mixing ratio were not

clear.
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. Outlines of the ProjectⅠ

1. Objectives of the Project

2. Importance of the Project

3. Scope of the Project

. R&D Status in Domestic and OverseasⅡ

1. Status and Problems in the Related Technology

2. Present Situation and Future Prospects

. Contents of the Project and Its ResultsⅢ

Section 2. Development of Detection Methods for Irradiated Agricultural Products

1. Introduction

2. Materials and Methods

1) Materials and irradiation

A. Materials

B. Irradiation and storage

2) Analyses of physical detection marker in gamma irradiated agricultural materials & products on

international trade

A. PSL (photostimulated luminescence) analysis

B. TL (thermoluminescence) analysis

C. ESR (electron spin resonance) analysis

3) Dose estimation test of Electron beam/gamma irradiated agricultural materials & products during storage

A. Evaluation of irradiated agricultural food materials during storage on identification

B. Dose estimation test of irradiated agricultural food materials

4) Analysis of physical detection marker in gamma-irradiated agricultural food materials of different origin

and variety

5) Monitoring of physical detection marker in irradiated agricultural food materials

A. Evaluation of effect of particle size on identification of irradiated food materials



- 12 -

B. Identification of irradiated agricultural food materials at blends

C. Effect of drying condition on identification of irradiated agricultural foods

D. Identification of irradiated agricultural materials in blends after pasteurization

6) Inter-laboratory test of screening & reference method on model agricultural foods

A. Blind test of irradiated agricultural raw materials

B. Blind test of irradiated agricultural products

7) Data analysis

3. Results and Discussion

1) Analyses of physical detection marker in gamma irradiated agricultural materials on international trade

2) Analyses of physical detection marker in gamma irradiated agricultural products on international trade

3) Dose estimation test of Electron beam/gamma irradiated agricultural materials & products during storage

4) Analysis of physical detection marker in gamma-irradiated agricultural food materials of different origin

and variety

5) Monitoring of physical detection marker in irradiated agricultural food materials

6) Inter-laboratory test of screening & reference method on model agricultural foods

4. Conclusions

. Goal Accomplishment and Subsequent ContributionsⅣ

. R&D Achivement and Application Plan of the ResultsⅤ

. Overseas Information on Science and Technology during the Project YearsⅥ

. ReferencesⅦ
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1

1

(1-5), Codex/CEN

(6-7).

, (Photostimuated luminescence, PSL)

(thermoluminescence, TL) , ,

(feldspar, quartz, silicate) (8-10).

electron (excite state)

(ground state) , electron .

, mineral

electron light emission

. 5000 , 700

. mineral

TL glow curve .

300 , 150-250 glow curve℃ ℃

. (electron spin resonance, ESR)

free radical , ․

(11,12). 10

kGy 1 kg 5×10-3 mol free radical .

,

radical , ,

, .

free radical spin , (electromagnetic wave)
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( ) .

(magnetic field) ESR

spectrum . (cellulose

radical), (crystalline sugar radical), (hydroxyapatite radical)

.

, , . ,

( , , )

(13).
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PSL, TL ESR , ( , , )

.
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.

2

1.

.

( , ), ( , , ), ( , , , ),
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), ( , , ), ( , ), (

, , ) 30 .

.

.



- 21 -

Co-60 (100 kCi point source, AECL, IR-79, MDS Nordion International Co.

Ltd., Ottawa, Canada)

0~1 kGy, , , , 0~10 kGy, 0~7

kGy, 0~10 kGy .

ceric cerrous dosimeter ±5% .

low density polyethylene(LDPE) film .

2. ( )

. (Photo-stimulated luminescence, PSL)

(1) PSL

PSL CEN(14) . PSL system (serial:0021,

SURRC: Scottish Universities Research and Reactor Center, UK) sample chamber

detector head assembly .

bialkali cathode

photon

. 0.1~3g 50 mm 1 petridish (Bibby sterilin type

122) sample chamber 60

Table 1 .

Table 1. Analyzing conditions for photo-stimulated luminescence

Specification Condition

Cycle time 1 sec

Cycle times 60 times

Dark count 24 ± 2.4

Light count 22 ± 1.3

(2) PSL

lower threshold value T1=700 counts/min, upper threshold value
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T2=5000 counts/min T1 (negative control) T2

(positive control) .

. (thermoluminescence, TL)

(1) TL (mineral )

TL mineral 20 g,

200 g water rinsing mineral . ,

ultrasonic agitator 5 water rinsing

125 sieve . Test tube㎛

sodium polytungstate solution (2.0 g/mL) 5 mL

. mineral carbonate carbonate

1 glow curve peak 1N HCl 2 mL

10 carbonate 1N NH4OH 2 mL .

mineral acetone .

mineral 0.2 mg aluminium disc(6 mm) 50 incubator℃

(15).

(2) TL

mineral TL spectra TL noise

TLD system(TLD-4500, Harshaw, Wermelskirchen, Germany) N2

gas(99.999 ) 10 Table 2 .％

Table 2. Measurement conditions for thermoluminescene

Specification Condition

Preheat temperature 50 (5 sec)℃

Temperature rate 5 /sec℃

Maximum temperature 400℃

Acquire time 70 sec

Annealing temperature 400 (5 sec)℃
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(3) TL intensity normalization

,

. TL

(400 ) 5 400 annealing ,℃ ℃

TL .

TL TL

glow curve 150~250 . glow curve℃

intensity normalization 1 glow curve(TL1)

(KAERI) (Gy/sec) 1.0 kGy

2 glow curve(TL2) . TL1

TL2 TL glow

curve TL ratio(TL1 glow curve/TL2 glow curve ) ratio threshold

value , .

1 TL TL ratio normalization .

1 kGy TL2 , TL ratio 0.1

, 0.1 Origin(18) .

. Electron spin resonance (ESR)

(1) ESR

ESR

CEN (16,17) . -70℃

18~24 ESR center ,

5% .

(2) ESR

(0.2 g) ESR pyrex quartz tube

X-band ESR spectrometer(JES-TE300, Jeol Co., Tokyo, Japan) .

ESR Table 3 , free radical

, ESR signal peak-to-peak height ESR signal intensity ,
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g-value . ESR signal Origin(18)

.

Table 3. Analyzing conditions for electron spin resonance

Specification
Condition

Cellulose radical Crystalline sugar radical

Microwave
Power 9.18 ~ 9.21 GHz 9.18 ~ 9.21 GHz

Frequency 0.4 mW 5.0 mW

Magnetic field
Center field 324 ± 1.5 mT 327 ± 2 mT

Sweep width 10~25 mT 10~25 mT

Signal channel

Modulation frequency 100 kHz 100 kHz

Modulation width 0.5~1 mT 1~2 mT

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 × microwave GHz)/magnetic field].

3. /

. ( / )

, , , , , , 7

.

, .

PSL, TL, ESR 0, 6, 12 , ESR

free radical .

. ( / )

, , , 4

. calibration
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. calibration

(polynomial regression

model) (least square method) 1, 2 .

4. / marker ESR signal D/B

, ,

, .

, ,

/ .

5.

.

PSL, TL

ESR 1, 5, 10 kGy . 100g

0.25, 0.5, 1, 2 mm sieve PSL ESR

.

.

PSL TL

1 kGy 10 kGy . 1 kGy 10 kGy 0.1, 0.3,

0.5, 0.7, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10% 50 g

.

.

4 ( , ,
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, ) . ,

(175 , 10 g/min) , (95 2~3℃

hr) PSL, TL ESR .

.

2

. (LS-A) (LS-B) ,

. LS-A

1, 3, 5 % , LS-B 0.5, 1, 1.5 %

. 2 , ,

,

(85 , 30 min, ) TL .℃

 

   
스 가공공정

             

                 

                         

  원료투 → 배합 →
살균

85℃, 30min
→ 냉각 → 주 → 제품  

        ↑           ↑    

        판별분석(TL)         판별분석(TL)  

 

6. screening reference interlaboratory test

.

TL blind test .

, , , CJ

, , , 0, 1, 10 kGy

. coding 9

interlaboratory test .
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.

TL blind test .

CJ , ,

, CJ , /

coding(n=20) interlaboratory test

.

7.

2-5 (PSL 5 , TL 2 , ESR 3 ) , Origin(18)

Excel program(19) . calibration SAS(Statistical

Analysis System)(20) (ANOVA) .
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3

1.

.

(1) PSL

5 ( , , , , ) PSL . Table

4 700 photon counts(PCs)

. (1~7 kGy) 4474

PCs , 1 kGy 4253 PCs (intermediate) PSL

. 3 kGy ,

(1~7 kGy) (positive) PSL screening .

PCs

, , PCs .

Table 4. Photostimulated luminescence measurement for irradiated dried vegetables

Sample

Irradiation dose (kGy)

0 1 3 7

Pumpkin 308 ± 981) (-)2) 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 (+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.
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(2) TL

7 kGy 0~7

kGy TL . 200 g ( , , ,

, ) 0.2 mg mineral . 260℃

intensity peak 180~205 intensity℃

(Fig. 1).
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Fig. 1. Typical glow curves of minerals separated from gamma-irradiated dried vegetables.

Signal intensity

, TL glow curve R2=0.8735, R2=0.9905,

R2=0.9900, R2=0.8791, R2=0.9784 glow curve

(Table 5). TL ratio 0.015~0.044 5

0.1 , 0.194~1.348 0.1

Table 6 . Khan Delincée(21) TL ,

normalizaion

.
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Table 5. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated dried vegetables

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Pumpkin y = 42.174x + 54.522 R2=0.8735

Carrot y = 27.296x + 13.687 R2=0.9905

Spinach y = 121.56x - 38.53 R2=0.9900

Dried onion y = 23.617x + 30.052 R2=0.8791

Cabbage y = 342.92x + 147.97 R2=0.9784

1)
x: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 6. TL ratio of minerals separated from dried vegetables

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 7

Pumpkin GL1
1)(nC) 0.814±0.0224) 6.327±2.138 8.032±2.383 14.053±4.509

GL2
2)(nC) 18.051±0.492 24.506±4.204 21.054±3.405 24.105±8.293

　 TL ratio3) 0.044±0.013 0.258±0.114 0.381±0.045 0.583±0.148

Carrot GL1(nC) 0.44±0.065 3.068±0.482 9.103±3.775 11.303±2.207

GL2(nC) 21.44±3.201 24.59±4.198 18.208±5.201 21.947±5.292

　 TL ratio 0.021±0.035 0.125±0.092 0.500±0.148 0.515±0.384

Spinach GL1(nC) 0.95±0.094 2.035±0.304 5.201±1.655 9.031±2.393

GL2(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 GL1(nC) 0.38±0.067 4.101±0.743 11.432±3.448 18.202±4.293

GL2(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 GL1(nC) 0.74±0.032 3.405±0.959 8.204±2.104 10.005±2.069

GL2(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).
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(3) ESR

microwave power 0.4 mW , ESR signal Fig.

2 . 5 ( , , , , ) single line ESR

signal , , , , cellulose radical

triplet line signal 6 mT . , sugar

signal . Cellulose signal

intensity , intensity R
2
=0.8596,

R
2
=0.9648, R

2
=0.9059, R

2
=0.8748 ,

R
2
=0.8243 (Table 7).
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Fig. 2. Typical ESR spectra of irradiated dried vegetables at different doses.
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Table 7. Determination coefficients (R
2
) between irradiation dose and ESR intensity in irradiated

dried vegetables

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Pumpkin y = 375.87x + 1352.6 R2=0.8596

Carrot y = 412.66x + 1203.2 R2=0.9648

Spinach y = 306.52x + 1369.6 R2=0.9059

Dried onion y = 296.16x + 1980.1 R2=0.8748

Cabbage y = 491.62x + 867.05 R2=0.8243

1)
x: Irradiation dose (kGy), y: ESR intensity (a.u.).

.

(1) PSL

2 ( , ) PSL . Table 25

700 photon counts(PCs)

. 5 kGy 499 PCs

, 1 3 kGy 1246~1348 PCs . 1 kGy 3473 PCs

3 kGy .

Table 8. Photostimulated luminescence measurement for irradiated dried vegetables

Sample
Irradiation dose (kGy)

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)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

,
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0~5 kGy TL . 200 g ( , )

0.2 mg mineral . 2

TL . 200℃

intensity 180~195 , 165~17℃

5 peak . glow peak℃

(Fig. 30). 1 kGy 180 , 165℃ ℃

intensity glow curve 5 kGy 195 ,℃

175 glow curve . Glow curve intensity℃

(Fig. 3).
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Fig. 3. Typical glow curves of minerals separated from gamma-irradiated nuts.

TL intensity 5 kGy 29780 a.u. 321 a.u.

, TL glow curve

R2=0.9072, R2=0.9473 (Table 9). TL ratio

0.015~0.039 0.1 , 0.164~0.738

0.1 Table 10 .

Table 9. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated nuts

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Walnut y = 37.983x + 65.548 R2=0.9072

Pistachio y = 4356x + 772.13 R2=0.9473
1)x: Irradiation dose (kGy), y: TL intensity (a.u.).



- 34 -

Table 10. TL ratio of minerals separated from nuts

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

Walnut GL1
1)(nC) 0.375±0.0494) 4.956±1.295 7.14±2.394 12.594±4.302

GL2
2)(nC) 25.304±9.304 30.193±4.209 35.058±7.492 33.773±5.901

　 TL ratio3) 0.015±0.008 0.164±0.047 0.204±0.079 0.373±0.053

Pistachio GL1(nC) 0.842±0.143 8.298±1.493 15.049±3.474 22.304±3.270

GL2(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

(3) ESR

( , ) microwave power 0.4 mW

, ESR signal Fig. 4 . 315.2 mT

center peak 3 mT g value 2.0023, 2.0065 peak

cellulose radical

single line ESR signal ESR

. ESR intensity

intensity

(R2=0.6751), intensity

(R2=0.9462).
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Fig. 4. Typical ESR spectra of irradiated nuts at different doses.

Table 11. Determination coefficients (R2) between irradiation dose and ESR intensity in irradiated

nuts

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Walnut y = 291.91x + 2249.7 R2=0.6751

Pistachio y = 328.61x + 1943.8 R2=0.9462

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

.

(1) PSL

3 ( , , ) PSL . Table 12

315~469 PCs 700 , 1 kGy 5,000

. PCs

, 13,086~80,548 PCS . 5,927~24,058 PCs 1 kGy

5 kGy 24,058 .

50,270~61,123 PCs 1 kGy 50,270 PCs

, PCs .
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Table 12. Photostimulated luminescence measurement for irradiated legumes

Sample
Irradiation dose (kGy)

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 (+)

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

5 kGy 0~5

kGy TL . 200 g ( , , ) 0.2

mg mineral . TL glow curve 200℃

intensity . 195~205 ,℃

160~170 , 195~210 peak .℃ ℃

1 kGy intensity signal intensity

70 .
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Fig. 5. Typical glow curves of minerals separated from gamma-irradiated legumes.

TL intensity 3 , TL glow curve

R2=0.9598, R2=0.9999, R2=0.9882
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(Table 13). TL ratio 0.017~0.042 0.1

, 0.248~1.558 0.1 Table 14 .

Table 13. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated legumes

Sample

Regression expressions and coefficients

Mathematical fit1) Coefficients

Soybean y = 26.574x + 42.922 R2=0.9598

Redbean y = 1112.8x + 22.348 R2=0.9999

Pea y = 109.13x + 57.391 R2=0.9882

1)
x: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 14. TL ratio of minerals separated from legumes

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

Soybean GL1
1)(nC) 0.951±0.1224) 14.275±5.230 19.034±5.315 25.096±6.114

GL2
2)(nC) 21.059±4.414 38.371±6.203 31.054±7.477 16.105±5.196

　 TL ratio3) 0.045±0.013 0.372±0.147 0.622±0.124 1.558±0.248

Redbean GL1(nC) 0.689±0.135 5.402±1.639 7.008±1.667 14.335±4.293

GL2(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 0.843±0.348

Pea GL1(nC) 0.15±0.063 2.114±0.679 5.201±1.315 10.957±2.118

GL2(nC) 9.058±1.492 8.359±2.367 7.304±2.154 11.594±4.174

　 TL ratio 0.017±0.007 0.248±0.064 0.712±0.159 0.945±0.335

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

(3) ESR

( , , ) microwave power 0.4 mW
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. ESR cellulose radical signal

intensity , signal intensity

. unspecific central signal

, 1 kGy unspecific central ESR signal peak g-value

2.0033, 2.0038 , cellulose radical peak (at

lower field) (at higher field) g-value 2.0235, 1.9865, 2.0239, 1.9878

(Fig. 6). signal intensity (+)

y=366.96x + 940.87, R²=0.9109, y=370x + 770,

R²=0.9702 (Table 15). signal

central peak g-value 2.0035 . intensity

y=245.22x + 2175.7, R² = 0.9551

signal unspecific central ESR signal

, cellulose radical signal

.
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Fig. 6. Typical ESR spectra of irradiated legumes at different doses.
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Table 15. Determination coefficients (R
2
) between irradiation dose and ESR intensity in irradiated

legumes

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Soybean y = 366.96x + 940.87 R² = 0.9109

Redbean y = 245.22x + 2175.7 R² = 0.9551

Pea y = 370x + 770, R² = 0.9702

1)
x: Irradiation dose (kGy), y: ESR intensity (a.u.).

.

(1) PSL

1 PSL .

Table 16 . 70,000 PCs

false positive , 1.2 × 107 .

.

Table 16. Photostimulated luminescence measurement for irradiated potato

Sample
Irradiation dose (kGy)

0 0.15 0.5 1

Potato 71106±2067
1)
(+)

2)
1245439±135338 (+) 5778140±1308615 (+) 13603980±1125137(+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

0.15 kGy ,

0.15~1 kGy TL . 1

EA mineral TL . TL glow curve

200 intensity .℃

180~210 peak (Fig. 7).℃

0.15 kGy intensity signal intensity 300
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. TL intensity

R
2
=0.9463 (Table 17). TL ratio 0.001

, 0.170~0.783 (Table 18).

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

Table 17. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated potato

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Potato y = 110.97x + 121.32 R2=0.9463

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

Table 18. TL ratio of minerals separated from potato

Sample
TL

glow

Irradiation dose (kGy)

0 0.15 0.5 1

Potato GL1
1)
(nC) 0.004±0.001

4)
1.069±0.593 6.404±1.148 10.410±3.874

GL2
2)
(nC) 11.103±2.351 6.274±1.203 14.683±3.173 13.288±4.132

　 TL ratio3) 0.001±0.001 0.170±0.047 0.436±0.017 0.783±0.191

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).
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.

(1) PSL

3 ( , , ) PSL . Table 19

300~447 PCs 700 ,

1,107~1,501 PCs . , ,

61,884~224,174 PCs . 3

Sanderson (22)

.

TL .

Table 19. Photostimulated luminescence measurement for irradiated spices

Sample
Irradiation dose (kGy)

0 1 5 10

Red pepper 300 ± 981) (-)2) 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 (+)

1)Means ± S.D. (n=3).
2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

10 kGy 0~10 kGy

TL . 50~200 g ( , , ) 0.2 mg mineral

. TL glow curve 250℃

intensity (Fig. 8). 190~200 , 170~175℃ ℃

, 175~210 peak .℃

1 kGy intensity signal intensity

140 .
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Fig. 8. Typical glow curves of minerals separated from gamma-irradiated spices.

TL intensity , TL glow curve

R2=0.9470, R2=0.9948, R2=0.9126

(Table 20). TL ratio 0.001~0.007 0.1

, 0.419~1.730 0.1 Table 21

.

Table 20. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated spices

Sample

Regression expressions and coefficients

Mathematical fit
1)

Coefficients

Red pepper y = 52.635x + 70.504 R2=0.9470

Black pepper y = 2433.2x + 468.43 R2=0.9948

Turmeric y = 24740x + 16563 R
2
=0.9126

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

Sample
TL

glow

Irradiation dose (kGy)

0 1 5 10

Red pepper GL1
1)(nC) 0.003±0.0024) 5.712±1.231 9.097±3.358 9.698±2.135

GL2
2)(nC) 12.246±5.132 13.647±3.166 6.662±1.264 5.906±1.254

　 TL ratio3) 0.001±0.000 0.419±0.115 1.366±0.315 1.642±0.543

Black pepper GL1(nC) 0.005±0.001 1.012±0.397 4.221±1.184 14.578±4.336

GL2(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 GL1(nC) 0.036±0.003 3.721±0.679 12.552±4.329 21.995±6.375

GL2(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

(3) ESR

( , , ) microwave

power 0.4 mW . ESR cellulose

radical signal intensity , signal

intensity . unspecific central signal

, 1 kGy unspecific central ESR signal peak

g-value 2.0054 , cellulose radical peak (at lower

field) (at higher field) g-value 2.0251, 1.9852 (Fig. 9).

signal intensity (+)

y=347.23x + 1492.1, R²=0.9339 (Table 22). intensity

y=361.74x + 1705.2, R²=0.7263, y=289.98x + 2063.5, R²=0.8237

signal central peak g-value

2.0049 .
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Fig. 9. Typical ESR spectra of irradiated spices at different doses.

Table 22. Determination coefficients (R
2
) between irradiation dose and ESR intensity in irradiated

spices

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Red pepper y = 347.23x + 1492.1 R² = 0.9339

Black pepper y = 361.74x + 1705.2 R² = 0.7263

Turmeric y = 289.98x + 2063.5 R² = 0.8237

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

.

(1) PSL

2 ( , ) PSL . Table 23

330~368 PCs 700 . 15057~25900 PCs

, ( ) 714~1517 PCs .

.
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Table 23. Photostimulated luminescence measurement for irradiated cereals

Sample
Irradiation dose (kGy)

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)

1)
Means ± S.D. (n=2).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

5 kGy 0~5 kGy TL

. 200 g ( , ) 0.1~2 mg mineral . TL

glow curve 250 intensity℃

(Fig. 10). 190~200 , 170~175 ,℃ ℃

190~210 peak .℃

1 kGy intensity signal intensity 80

.
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Fig. 10. Typical glow curves of minerals separated from gamma-irradiated cereals.

TL intensity , TL glow curve

R2=0.9972, R2=0.9587 (Table 24). TL
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ratio 0.002~0.017 0.1 ,

0.144~1.516 0.1 Table 25 .

Table 24. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated cereals

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Wheat y = 52.831x + 24.881 R2 = 0.9972

Rice y = 3334.9x - 343.85 R² = 0.9587

1)
x: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 25. TL ratio of minerals separated from cereals

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

Wheat GL1
1)(nC) 0.096±0.012 2.006±0.643 5.333±1.203 7.777±1.563

GL2
2)(nC) 5.396±1.583 5.126±1.134 6.985±2.994 5.129±0.147

　 TL ratio3) 0.017±0.005 0.391±0.087 0.763±0.141 1.516±0.582

Rice GL1(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

(3) ESR

( , ) ,

microwave power 0.4 mW . radical

unspecific central signal

(Fig. 11). ESR intensity R²=0.9787, R²=0.9244

(Table 26). ESR intensity .
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Fig. 11. Typical ESR spectra of irradiated cereals at different doses.

Table 26. Determination coefficients (R2) between irradiation dose and ESR intensity in irradiated

cereals

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Wheat y = 283.05x + 2188.1 R² = 0.9787

Rice y = 198.31x + 2028.8 R² = 0.9244

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

.

(1) PSL

2 ( , ) PSL . Table 27

300~308 PCs 700 . 1390~4819 PCs

PSL .

,

.
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Table 27. Photostimulated luminescence measurement for irradiated mushrooms

Sample
Irradiation dose (kGy)

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)

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

, 1 kGy

0~1 kGy TL . 400 g ( , )

0.2 mg mineral . TL glow curve 250℃

intensity (Fig. 12).

165~210 , 225~230 peak .℃ ℃

glow curve peak 300℃

peak 1 kGy( ) ,

trap

. back ground signal 150~250℃

glow curve . 0.15 kGy

intensity signal intensity 120

.
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Fig. 12. Typical glow curves of minerals separated from gamma-irradiated mushrooms.
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TL intensity intensity back ground

intensity , intensity

. TL glow curve R
2
=0.8785,

R
2
=0.9800 (Table 28). TL ratio

0.018~0.047 0.1 , 0.325~5.287 0.1

Table 29 .

Table 28. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated mushrooms

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

Shitake y = 881.27x + 192.48 R2 = 0.8785

Oyster mushroom y = 490.33x + 55.49 R² = 0.9800

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

Table 29. TL ratio of minerals separated from mushrooms

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

Shitake GL1
1)(nC) 0.390±0.2194) 6.744±1.298 10.811±1.481 17.552±2.533

GL2
2)
(nC) 8.158±0.583 3.832±0.444 4.247±0.585 3.844±0.119

　 TL ratio
3)

0.047±0.006 1.760±1.141 2.545±0.581 4.565±0.279

Oyster mushroom GL1(nC) 0.013±0.005 0.028±0.004 0.422±0.039 0.608±0.125

GL2(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).
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2. ( )

.

(1) PSL

2 ( , ) PSL

. Table 30 404~670 PCs 700

. 14859~43037 PCs

1, 3 kGy 394, 697 PCS , 5 kGy 1156 PCs

. , PSL

.

Table 30. Photostimulated luminescence measurement for irradiated dried fruits

Sample
Irradiation dose (kGy)

0 1 3 5

Raisin 670 ± 315
1)
(-)

2) 14859± 3424 (+) 22505 ± 7243 (+) 43037 ± 12332 (+)

Mango 404 ± 43 (-) 394 ± 221 (-) 697 ± 392 (-) 1156 ± 686 (M)

1)Means ± S.D. (n=3).

2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

1~5 kGy .

100g, 300g water rinsing . ,

, TL

peak peak intensity . , Fig. 13

1 kGy peak 190℃

185~195 , 180~200 ,℃ ℃
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signal intensity . 270℃

peak . 1 kGy signal intensity

signal intensity 300

. TL intensity intensity

TL glow curve R
2
= 0.9262, R

2
=0.9818

(Table 31). TL ratio 0.001~0.003 0.1

, 1.283~4.632 0.1

Table 32 .
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Fig. 13. Typical glow curves of minerals separated from irradiated dried fruits at different origins.

Table 31. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated dried fruits

Sample

Regression expressions and coefficients

Mathematical fit1) Coefficients

Raisin y = 147.33x + 35.5 R2 = 0.9262

Mango y = 549x + 230.5 R² = 0.9818

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

Sample
Irradiation dose (kGy)

0 1 3 5

Raisin 0.001±0.0011) 1.927±0.488 2.032±0.281 4.632±0.313

Mango 0.003±0.003 1.463±0.559 1.283±0.317 1.576±0.145

1)
Mean of ± standard deviation (n=3).

(3) ESR

ESR tube petridish

. 90% , 65% microwave power

5 mW . single line ESR

signal signal . multi

component crystalline sugar radical ESR

(Fig. 14).
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Fig. 14. Typical ESR spectra of irradiated dried fruits.
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.

(1) PSL

(K ) 7 kGy PSL . 582 PCs

(Table 33), 1 kGy 5103, 7 kGy 7402

PCs PSL .

Table 33. Photostimulated luminescence measurement for irradiated red ginseng concentrate

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

3~7 kGy . 250 g

water rinsing Fig. 15 .

350 peak glow curve , 3 kGy℃

176~194 plateau 225 peak glow curve℃ ℃

. 7 kGy glow , 170 peak℃

point , 350 peak .℃

3 kGy 7 kGy glow curve

. TL ratio 0.001

, 3 kGy 0.116, 7 kGy 0.297 normalization TL

(Table 34).

Sample

Irradiation dose (kGy)

0 1 7

RGC 582 ± 3711) (-)2) 5103 ± 847 (+) 11402 ± 2313 (+)
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Fig. 15. Typical glow curves of minerals separated from irradiated red ginseng concentrate.

Table 34. TL ratio of minerals separated from red ginseng concentrate

Sample
TL

glow

Irradiation dose (kGy)

0 3 7

Red

ginseng

concentrate　

GL1
1)(nC) 0.006±0.0004) 2.009±1.298 6.331±1.487

GL2
2)(nC) 19.338±3.491 17.342±4.273 21.334±3.873

TL ratio3) 0.001±0.000 0.116±0.692 0.297±0.747

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

.

(1) PSL

( )

9

screening 2 1~10 kGy

. petridish 3 g PSL 289~541 PCs

(Table 35). 3720292~14490342 PCs

.
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Table 35. Photostimulated luminescence measurement for irradiated powdered soups

Sample
Irradiation dose (kGy)

0 1 5 10

PS-1 389±971),2) (-)3) 3720292±1262073 (+) 6252785±4199797 (+) 10618110±4329238 (+)

PS-2 541±462 (-) 4426882±1200710 (+) 5841172±5592729 (+) 14490342±1432471 (+)

1)
Mean of ± standard deviation (n=3).

2)
Threshold value : T1=700, T2=5000, (-) < T1, T1 < (M) < T2, (+) > T2.

3)
+, positive, irradiated; -, negative, non-irradiated; M, intermediated.

( )

2 1~10 kGy

. petridish 3 g PSL CS-1

522 PCs CS-2 1440 PCs

(Table 36). 829158~11859114 PCs

.

Table 36. Photostimulated luminescence measurement for irradiated complex seasonings

Sample
Irradiation dose (kGy)

0 1 5 10

CS-1 522±59 (-) 2680793±2320281 (+) 6375216±1768517 (+) 11859114±3240418 (+)

CS-2 1440 ±1387 (M) 829158±390856 (+) 8148186±3595299 (+) 7393018±7913136 (+)

1)Mean of ± standard deviation (n=3).
2)Threshold value : T1=700, T2=5000, (-) < T1, T1 < (M) < T2, (+) > T2.
3)+, positive, irradiated; -, negative, non-irradiated; M

( )

5

screening 2 1~10 kGy

. petridish 3 g PSL

289~541 PCs (Table 37). 3781352~14798484 PCs

.
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Table 37. Photostimulated luminescence measurement for irradiated ready to eat meat products

Sample
Irradiation dose (kGy)

0 1 5 10

RM-1 529±1471),2) (-)3) 4891822±2574128 (+) 8686987±4256256 (+) 14798484±1929575 (+)

RM-2 425±203 (-) 3781352±1139822 (+) 6602939±1263981 (+) 13095214±7626147 (+)

1)
Mean of ± standard deviation (n=3).

2)
Threshold value : T1=700, T2=5000, (-) < T1, T1 < (M) < T2, (+) > T2.

3)
+, positive, irradiated; -, negative, non-irradiated; M

( )

1~10 kGy

PSL . PSL 393~701 PCs (Table 38).

LS-1( ) 38470~89057 PCs LS-2

598~759 PCs . Table 38 PSL

. LS-1( ) , ,

.

PSL

.

Table 38. Photostimulated luminescence measurement for irradiated liquid sauces

Sample
Irradiation dose (kGy)

0 1 5 10

LS-1 701±971),2) (-)3) 38470±1262 (+) 48291±6997 (+) 89057±52253 (+)

LS-2 393±58 598±83 (-) 759±48 (-) 677±77 (-)
1)Mean of ± standard deviation (n=3).
2)Threshold value : T1=700, T2=5000, (-) < T1, T1 < (M) < T2, (+) > T2.
3)+, positive, irradiated; -, negative, non-irradiated

(2) TL

( )

2 (PS-1, PS-2) 300 g water rinsing
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TL peak peak intensity

. , Fig. 16 1 kGy

peak 180 PS-1 185~195 , PS-2 175~18℃ ℃

5 , signal intensity .℃

270 peak .℃

1 kGy signal intensity signal intensity

35 . TL glow curve

PS-1 R
2
= 0.9994, PS-2 R

2
=0.9715 (Table 39).

TL ratio 0.003~0.015 0.1 ,

0.532~ 6.652 0.1 Table 40 .
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Fig. 16. Typical glow curves of minerals separated from irradiated powdered soups.

Table 39. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated powdered soups

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

PS-1 y = 21.935x + 12.258 R2 = 0.9994

PS-2 y = 755.81x + 554.27 R² = 0.9715

1)x: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 40. TL ratio of minerals separated from powdered soups

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

PS-1 GL1
1)(nC) 0.039±0.0224) 0.467±0.038 0.697±0.065 1.279±0.075

GL2
2)(nC) 0.883±0.146 0.233±0.008 0.320±0.019 0.293±0.026

　 TL ratio3) 0.003±0.146 0.607±0.080 0.601±0.014 0.532±0.118

PS-2 GL1(nC) 0.027±0.026 1.484±0.127 2.636±0.269 3.451±0.191

GL2(nC) 0.983±0.146 0.607±0.080 0.601±0.014 0.532±0.118

　 TL ratio 0.015±0.024 2.463±0.272 4.388±0.448 6.652±1.197

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

( )

2 (CS-1, CS-2) 300 g water rinsing

TL peak peak

intensity . , Fig. 17 1 kGy

peak 200 CS-1 190~240 , CS-2℃ ℃

195~205 , signal intensity℃

. 270 peak .℃

1 kGy signal intensity signal

intensity 80 .

0 50 100 150 200 250 300 350 400 450

0

500

1000

1500

2000

2500

3000

3500
CS-1

T
L

 in
te

n
si

ty
 (

a
.u

.)

Temperature (
o
C)

 0 kGy
 1 kGy
 5 kGy
 10 kgy

50 100 150 200 250 300 350 400

0

50

100

150

200

250

300
CS-2

T
L

 in
te

n
si

ty
 (

a
.u

.)

Temperature (
o
C)

 0 kGy
 1 kGy
 5 kGy
 10 kGy

Fig. 17. Typical glow curves of minerals separated from irradiated complex seasonings.
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TL glow curve CS-1 R
2
= 0.9159, CS-2 R

2
=0.9586

(Table 41). TL ratio 0.003~0.015 0.1

, 0.532~ 6.652 0.1 Table 42

.

Table 41. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated complex seasonings

Sample

Regression expressions and coefficients

Mathematical fit1) Coefficients

CS-1 y = 299.35x + 505.08 R2 = 0.9159

CS-2 y = 24.516x + 34.435 R² = 0.9586

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

Table 42. TL ratio of minerals separated from complex seasonings

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

CS-1 GL1
1)(nC) 0.048±0.028 0.410±0.085 0.788±0.050 1.378±0.057

GL2
2)(nC) 0.915±0.138 0.159±0.034 0.225±0.043 0.291±0.093

　 TL ratio
3)

0.050±0.011 2.622±0.537 3.564±0.527 5.078±1.663

CS-2 GL1(nC) 0.031±0.016 1.056±0.127 1.783± 0.185 2.752±0.108

GL2(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

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

( )

2 (RM-1, RM-2) 300 g water rinsing

TL peak peak
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intensity . , Fig. 18 1 kGy

peak 200 RM-1 195~225 , RM-2℃ ℃

200~210 , signal intensity℃

. 290 peak .℃

1 kGy signal intensity

signal intensity 500 .

Table 43. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated ready to eat meat products

Sample
Regression expressions and coefficients

Mathematical fit1) Coefficients

RM-1 y = 70x + 280 R2 = 0.6718

RM-2 y = 85.323x + 6.2097 R² = 0.9845

1)x: Irradiation dose (kGy), y: TL intensity (a.u.).
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Fig. 18. Typical glow curves of minerals separated from irradiated ready to eat meat products.

TL glow curve RM-1 R2= 0.6718, RM-2 R2=0.9845

(Table 43). TL ratio 0.006~0.026 0.1

, 1.750~4.804 0.1 Table 44

.
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Table 44. TL ratio of minerals separated from ready to eat meat products

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

RM-1 GL1
1)(nC) 0.215±0.0544) 12.346±2.182 17.630±2.053 27.770±1.533

GL2
2)(nC) 8.158±0.583 6.060±0.797 4.736±0.576 5.777±0.206

　 TL ratio3) 0.026±0.006 2.064±0.469 3.756±0.612 4.804±0.103

RM-2 GL1(nC) 0.390±0.219 6.744±1.298 10.810±1.481 15.377±1.502

GL2(nC) 8.158±0.583 3.830±0.444 4.240±0.585 3.844±0.119

　 TL ratio 0.006±0.002 1.750±0.141 2.597±0.581 3.995±0.279

1)
Integrated TL1 intensity at 150-250 .℃

2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

( )

2 (LS-1, LS-2) 350 mL water rinsing

TL peak peak

intensity . , Fig. 19 1 kGy

peak 200 LS-1 150~200 , LS-2℃ ℃

150~155 , signal intensity℃

. 260 peak .℃

1 kGy signal intensity signal

intensity 50 .
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Fig. 19. Typical glow curves of minerals separated from irradiated liquid sauces.

TL glow curve LS-1 R2= 0.8785, LS-2 R2=0.9800

(Table 45). TL ratio 0.016~0.021 0.1

, 0.331~5.554 0.1 Table 46

.

Table 45. Determination coefficients(R2) between irradiation dose and TL glow curve intensity in

irradiated liquid sauces.

Sample
Regression expressions and coefficients

Mathematical fit
1)

Coefficients

Shitake y = 881.27x + 192.48 R2 = 0.8785

Oyster mushroom y = 490.33x + 55.49 R² = 0.9800

1)x: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 46. TL ratio of minerals separated from liquid sauces

Sample
TL

glow

Irradiation dose (kGy)

0 1 3 5

LS-1 GL1
1)(nC) 0.013±0.006

4)
0.104±0.030 0.534±0.019 0.722±0.025

GL2
2)(nC) 0.717±0.247 0.175±0.031 0.130±0.007 0.132±0.023

　 TL ratio3) 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

GL2(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

1)
Integrated TL1 intensity at 150-250 .℃

2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
4)Mean of ± standard deviation (n=3).

(3) ESR

( )

2 (PS-1, PS-2) microwave power 5 mW .

unspecific central ESR signal 1 kGy

crystalline sugar multi-compo nent radical

ESR signal intensity . ESR signal

intensity Fig. 20 , . Flores

signal 100 intensity

, .
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Fig. 20. Typical ESR spectra of irradiated powdered soups.

( )

2 (CS-1, CS-2) microwave power 5 mW .

unspecific central ESR signal 1 kGy

crystalline sugar multi-compo nent radical

ESR signal intensity (Fig. 21).
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Fig. 21. Typical ESR spectra of irradiated complex seasonings.
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( )

2 (RM-1, RM-2) microwave power 5 mW .

unspecific central ESR signal 1 kGy

crystalline sugar multi-compo nent radical

ESR signal intensity (Fig. 22).
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Fig. 22. Typical ESR spectra of irradiated ready to eat meat products.

3.

.

(1)

( ) PSL

photon counts 0 300 PCs, 6 324 PCs, 12 326 PCs

(Table 47). (0 ) 2136~3415 PCs intermediate

. 12 photon counts

34~46% , intermediate .
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Table 47. Changes in accumulated photon counts of gamma-irradiated dried carrot during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

0 1 3 7

0 300±171)(-)2) 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)

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

( ) TL

TL signal . 1~7 kGy

12 TL glow curve . TL

intensity intensity 27~34% (Fig. 23).

. TL ratio 0.1

, 0.1 (Table 48). 12

TL ratio 29~52% . TL intensity TL ratio

, .
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Fig. 23. TL intensity of gamma-irradiated dried carrot during the post-irradiation storage at ambient

dark room.
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Table 48. TL ratio of gamma-irradiated dried carrot during the post-irradiation storage at ambient

dark room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 3 7

0 GL1
1)

70.38 570.6 4235.2 12941

　 GL2
2) 4954.9 1609.1 5372.9 13310

　 TL ratio
3)

0.014 0.355 0.788 0.972

6 GL1 38.96 374.5 2163.5 8452.7

　 GL2 4112.7 1746.3 3456.8 11059

　 TL ratio 0.009 0.214 0.626 0.764

12 GL1 11.64 329.1 1598.6 6876.2

　 GL2 4563.9 1859.3 2985.7 10056

　 TL ratio 0.003 0.177 0.535 0.684

1)
Integrated TL1 intensity at 150-250 .℃

2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2

( ) ESR

radiation-induced radical ( 1 )

, ESR signal intensity ESR spectra .

7 kGy intensity (Max intensity : 4095. a.u.)

ESR signal intensity Fig. 24 . 7 kGy

211 (7 ) cellulose radical , 251 (8 )

. ESR signal intensity 8 intensity 73%

.

Fig. 24. ESR signal intensity of gamma-irradiated dried carrot during the post-irradiation storage at

ambient dark room.
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( )

photon counts 0 469 PCs, 6 356 PCs, 12 317 PCs

(Table 49). (0 ) 13086~101986 PCs positive

. 12 photon counts 40~65%

, positive 12 screening .

PSL intensity .

Table 49. Changes in accumulated photon counts of gamma-irradiated soybean during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

0 1 3 7 10

0 469±98
1)
(-)

2)
13086±2586(+) 55381±9434(+) 80548±13095(+) 101986±25746(+)

6 356±20(-) 10155±991(+) 39438±4878(+) 48271±6030(+) 57017±7495(+)

12 317±26(-) 7868±440(+) 25259±6799(+) 28335±8822(+) 47395±3549(+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

( ) TL

TL signal . 1~10

kGy 12 TL glow curve . TL

intensity intensity 34~56% (Fig. 25).

. TL ratio 0.1

, 0.1 (Table 50). 12

TL ratio 23~44% . TL intensity TL ratio

, .
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Fig. 25. TL intensity of gamma-irradiated soybean during the post-irradiation storage at ambient

dark room.

Table 50. TL ratio of gamma-irradiated soybean during the post-irradiation storage at ambient dark

room

Storage

(month)

TL

parameter

Irradiation dose (kGy)

0 1 3 7 10

0 GL1
1)

1053.8 111440 244750 361780 592504

　 GL2
2) 155360 430200 167240 178050 167389

　 TL ratio
3) 0.007 0.259 1.463 2.032 3.540

6 GL1 556 85692 154763 300527 442635

　 GL2 210570 357961 115496 200159 146308

　 TL ratio 0.003 0.239 1.340 1.501 3.025

12 GL1 225 59861 112478 210635 367205

　 GL2 176540 300618 126983 149863 187632

　 TL ratio 0.001 0.199 0.886 1.406 1.957

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2.

( ) ESR

radiation-induced radical ( 1 )

, ESR signal intensity ESR spectra .

7 kGy intensity (Max intensity : 4095. a.u.)
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ESR signal intensity Fig. 26 . 10 kGy

184 (6 ) cellulose radical , 21 (7 )

. ESR signal intensity 7 intensity 62%

.

Fig. 26. ESR signal intensity of gamma-irradiated soybean during the post-irradiation storage at

ambient dark room.

( )

photon counts 0 361 PCs, 6 324 PCs, 12 341 PCs

(Table 51). (0 ) 499~1348 PCs negative intermediate

. 12

photon counts , intermediate

.

Table 51. Changes in accumulated photon counts of gamma-irradiated walnut during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

0 1 3 5

0 361±1331)(-)2) 1348±36(M) 1246±135(M) 499±83(-)

6 324±51(-) 1402±166(M) 1293±161(M) 1317±127(M)

12 341±28(-) 1083±149(M) 1190±147(M) 1142±126(M)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.
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( ) TL

TL signal . 1~5

kGy 12 TL glow curve . TL

intensity intensity 29~44% (Fig. 27).

. TL ratio 0.1

, 0.1 (Table 52). 12

TL ratio 66~89% . TL intensity TL ratio

, .
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Fig. 27. TL intensity of gamma-irradiated walnut during the post-irradiation storage at ambient dark

room

Table 52. TL ratio of gamma-irradiated walnut during the post-irradiation storage at ambient dark

room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 3 5

0 GL1
1)

27.024 176.81 1000.1 1226.3

　 GL2
2)

786.7 620.2 2004.6 1538.2

　 TL ratio
3)

0.034 0.285 0.499 0.797

6 GL1 24.369 148.63 884.52 994.63

　 GL2 1002.6 845.6 2576.3 1863.7

　 TL ratio 0.024 0.176 0.343 0.534

12 GL1 15.364 85.961 576.36 746.29

　 GL2 1325.64 514.3 2113.7 1956.7

　 TL ratio 0.012 0.167 0.273 0.381

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
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( )

photon counts 0 274 PCs, 6 374 PCs, 12 357 PCs

(Table 53). (0 ) 10263~43648 PCs positive

. 12 photon counts 11-41%

, positive 12 screening .

PSL intensity .

Table 53. Changes in accumulated photon counts of gamma-irradiated sesame during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

0 1 3 5

0 274±21(-) 10263±3525(+) 18379±4716(+) 43648±9367(+)

6 374±101(-) 11232±1466(+) 17059±2208(+) 31528±8476(+)

12 357±38(-) 9039±1286(+) 18533±3466(+) 25769±5043(+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

( ) TL

TL signal . 1~5

kGy 12 TL glow curve . TL

intensity intensity 48~60% (Fig. 28).

. TL ratio 0.1

, 0.1 (Table 54). 12

TL ratio 27~44% . TL intensity TL ratio

, .
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Fig. 28. TL intensity of gamma-irradiated sesame during the post-irradiation storage at ambient dark

room.

Table 54. TL ratio of gamma-irradiated sesame during the post-irradiation storage at ambient dark

room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 3 5

0 GL1
1)

12.98 2850.7 9142.4 11875

　 GL2
2)

1532.7 2301.9 3052 2693.94

　 TL ratio
3)

0.008 1.238 2.996 4.408

6 GL1 8.612 2036.3 6253.5 8756.8

　 GL2 2003.6 2056.7 2579.6 3014.9

　 TL ratio 0.004 0.990 2.424 2.905

12 GL1 5.308 1752.9 4876.7 6751.4

　 GL2 1876.9 2433.6 2256.7 2742.6

　 TL ratio 0.003 0.720 2.161 2.462

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2

( )

photon counts 0 330 PCs, 6 327 PCs, 12 351 PCs

(Table 55). (0 ) 15057~44109 PCs positive
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. 12 photon counts 18-38%

, positive 12 screening .

PSL intensity .

Table 55. Changes in accumulated photon counts of gamma-irradiated wheat 12 month at room

temperature

Storage

(month)

Irradiation dose (kGy)

0 1 3 5 10

0 330±36(-) 15057±997(+) 21406±3130(+) 25900±4756(+) 44109±11750(+)

6 327±43(-) 14519±2522(+) 19662±1852(+) 26459±5076(+) 32381±9483(+)

12 351±72(-) 9984±981(+) 15924±1103(+) 21112±3287(+) 27334±3469(+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

( ) TL

TL signal . 1~10

kGy 12 TL glow curve . TL

intensity intensity 38~47% (Fig. 29).

. TL ratio 0.1

, 0.1 (Table 56). 12

TL ratio 41~79% . TL intensity TL ratio

, .
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Fig. 29. TL intensity of gamma-irradiated wheat during 12 month at room temperature.
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Table 56. TL ratio of gamma-irradiated wheat during the post-irradiation storage at ambient dark

room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 3 5 10

0 GL1
1)

10.391 1859.6 4553.1 7323.6 11670.8

　 GL2
2)

1412.23 3750.7 4833.5 2525.4 2310.1

　 TL ratio
3) 0.007 0.496 0.942 2.900 5.052

6 GL1 8.004 1454.7 2524.6 3348.7 7453.9

　 GL2 3006.4 3112.9 3558.3 1743.8 1879.4

　 TL ratio 0.003 0.467 0.709 1.920 3.966

12 GL1 2.369 1235.4 1817.4 2429.7 4876.3

　 GL2 2067.8 3154.3 2874.4 2013.6 1549.6

　 TL ratio 0.001 0.392 0.632 1.207 3.147

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2

( )

photon counts 0 300 PCs, 6 312 PCs, 12 293 PCs

(Table 57). (0 ) 1107~1501 PCs negative

. 12 photon counts

, 5 kGy 7863 PCs positive .

Table 57. Changes in accumulated photon counts of gamma-irradiated red pepper powder during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

0 1 5 10

0 300±981)(-)2) 1107±2586(M) 1422±434(M) 1501±384(M)

6 312±21(-) 4539±1289(M) 2896±819(M) 3928±2003(M)

12 293±45(-) 3523±840(M) 7863±5739(+) 4419±770(M)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.
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( ) TL

TL signal .

1~10 kGy 12 TL glow curve .

TL intensity intensity 34~43% (Fig. 30).

. TL ratio

0.1 , 0.1 (Table 58).

12 TL ratio 41~86% . TL intensity TL ratio

, .
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Fig. 30. TL intensity of gamma-irradiated red pepper powder during the post-irradiation storage at

ambient dark room

Table 58. TL ratio of gamma-irradiated red pepper powder during the post-irradiation storage at

ambient dark room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 5 10

0 GL1
1)

124.9 46020 92450 135130

　 GL2
2) 23997 95360 151960 143280

　 TL ratio
3)

0.005 0.483 0.608 0.943

6 GL1 86.7 37460 75417 100527

　 GL2 13597 121476 145068 155206

　 TL ratio 0.006 0.308 0.520 0.648

12 GL1 52.6 28745 55148 88563

　 GL2 20057 103574 154653 175932

　 TL ratio 0.003 0.278 0.357 0.503

1)Integrated TL1 intensity at 150-250 .℃
2)Integrated TL2 intensity at 150-250 .℃
3)GL1/GL2
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( ) ESR

radiation-induced radical ( 1 )

, ESR signal intensity ESR spectra .

10 kGy intensity (Max intensity : 4095. a.u.)

ESR signal intensity Fig. 31 . 10 kGy

251 (8 ) cellulose radical , 272 (9 )

. ESR signal intensity 8 intensity

60% .

Fig. 31. ESR signal intensity of gamma-irradiated red pepper powder during the post-irradiation

storage at ambient dark room.

( )

photon counts 0 389 PCs, 6 315 PCs, 12 333

PCs (Table 59). (0 ) 3720292~10618110 PCs positive

. 12 photon counts

46-54% , positive 12 screening .

PSL intensity .
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Table 59. Changes in accumulated photon counts of gamma-irradiated complex seasoning during the

post-irradiation storage at ambient dark room

Storage

(month)

Irradiation dose (kGy)

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(+)

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

( ) TL

TL signal .

1~10 kGy 12 TL glow curve .

TL intensity intensity 32~56% (Fig. 32).

. TL ratio

0.1 , 0.1 (Table

60). 12 TL ratio 62~86% . TL intensity TL ratio

, .
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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-irradiated complex seasoning during the post-irradiation storage at

ambient dark room

Storage period

(month)

TL

parameter

Irradiation dose (kGy)

0 1 5 10

0 GL1
1) 48.23 410.6 788.3 1378.5

　 GL2
2)

915.51 159.7 225.1 291.9

　 TL ratio
3)

0.053 2.571 3.502 4.723

6 GL1 35.69 357.3 559.61 1005.74

　 GL2 711.2 211.4 187.6 246.3

　 TL ratio 0.050 1.690 2.983 4.083

12 GL1 21.47 217.4 416.78 745.62

　 GL2 876.3 253.7 315.7 369.52

　 TL ratio 0.025 0.857 1.320 2.018

1)
Integrated TL1 intensity at 150-250 .℃

2)
Integrated TL2 intensity at 150-250 .℃

3)GL1/GL2

( ) ESR

radiation-induced radical ( 1 )

, ESR signal intensity ESR spectra .

10 kGy intensity (Max intensity : 4095. a.u.)

ESR signal intensity Fig. 33 . 10 kGy

12 (364 ) crystalline sugar

radical . 6 ~12

. ESR signal intensity 12

intensity 63% .

Fig. 33. ESR signal intensity of gamma-irradiated complex seasoning during the post-irradiation

storage at ambient dark room
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.

(1) PSL

( ) PSL counts

7 ( , , , , , , )

PSL counts . 1 2

, (Table 61).

, , photon counts PSL threshold value 5,000 PCs

PSL , .

(R
2
=0.2843~0.6230). , ,

PSL threshold value ,

.

Table. 61. Correlation coefficients(R2) between irradiation dose and PSL counts in gamma-irradiated

agricultural products during storage

Sample
Storage

(month)

Regression expressions and coefficients

Linear Polynomial

Mathematical fit Coefficients Mathematical fit Coefficients

Carrot

0 y = 288.36x + 1517.3
1) R² = 0.3702 y = -67.497x2 + 778.45x + 1165.1 R² = 0.4386

6 y = 314.39x + 1491.4 R² = 0.5039 y = -131.63x
2
+ 1270.1x + 804.62 R² = 0.8021

12 y = 201.83x + 926.22 R² = 0.5454 y = -34.142x2 + 449.73x + 748.09 R² = 0.5981

Walnut

0 y = -12.915x + 892.56 R² = 0.0032 y = -156.64x
2
+ 775.58x + 489.02 R² = 0.8670

6 y = 142.93x + 762.49 R² = 0.3886 y = -96.158x
2
+ 626.98x + 514.76 R² = 0.7103

12 y = 129.73x + 647.28 R² = 0.5147 y = -79.452x
2
+ 529.68x + 442.59 R² = 0.8678

Soybean

0 y = 9982.4x + 8368.1 R² = 0.9432 y = -812.19x
2
+ 18049x + 315.02 R² = 0.9822

6 y = 5431.3x + 8236.1 R² = 0.8631 y = -731.78x2 + 12700x + 980.27 R² = 0.9610

12 y = 4200.7x + 4192.1 R² = 0.9150 y = -141.38x
2
+ 5604.9x + 2790.3 R² = 0.9215

Red

pepper

0 y = 95.274x + 701.4 R² = 0.6230 y = -21.343x2 + 309.39x + 517.24 R² = 0.8333

6 y = 187.1x + 2170.4 R² = 0.2078 y = -34.496x
2
+ 533.17x + 1872.8 R² = 0.2553

12 y = 365.08x + 2564.3 R² = 0.2843 y = 4E-05x
2
+ 4.7734x - 1198.9 R² = 0.7293

Wheat

0 y = 3885.6x + 6595 R² = 0.9295 y = -193.34x2 + 5855.9x + 4327.9 R² = 0.9492

6 y = 2784.8x + 8087.7 R² = 0.8072 y = -392.14x
2
+ 6781.2x + 3489.4 R² = 0.9448

12 y = 2434.2x + 5686.5 R² = 0.8638 y = -296.06x2 + 5451.4x + 2214.9 R² = 0.9736

Sesame

0 y = 8160.7x-220.68 R² = 0.9519 y = 963.7x
2
+ 3309.6x + 2262.1 R² = 0.9762

6 y = 5736.8x + 2140.9 R² = 0.9602 y = 12.284x
2
+ 5674.9x + 2172.5 R² = 0.9602

12 y = 4926.3x + 2340.7 R² = 0.9715 y = -577.03x
2
+ 7831x + 854.14 R² = 0.9958

Complex

seasoning

0 y = 948371x + 0.000001 R² = 0.9344 y = -39984x
2
+ 0.000001x + 0.000001 R² = 0.9456

6 y = 670393x + 1E+06 R² = 0.9245 y = -25624x2 + 927459x + 792547 R² = 0.9335

12 y = 520018x + 533641 R² = 0.9586 y = -7497.1x
2
+ 595232x + 468948 R² = 0.9599

1)X: irradiation dose, y: photon counts
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( ) PSL counts

7 ( , , , , , , )

PSL counts . 1 ,

(Table 62).

Table. 62. Correlation coefficients(R
2
) between storage period and PSL counts in irradiated

agricultural products

1)X: storage period, y: photon counts

Sample
Dose

(kGy)

Gamma ray

Mathematical fit Coefficients

Carrot

1 y = -123.97x + 3435.61) R² = 0.9888

3 y = -59.611x + 2546.7 R² = 0.2018

7 y = -94.917x + 3568.4 R² = 0.8213

Walnut

1 y = -22.111x + 1410.2 R² = 0.6024

3 y = -4.6667x + 1270.9 R² = 0.2967

5 y = 53.639x + 664.39 R² = 0.5580

Soybean

1 y = -434.86x + 12979 R² = 0.9950

3 y = -2510.1x + 55087 R² = 0.9989

5 y = -4351.1x + 78491 R² = 0.9817

10 y = -4549.3x + 96095 R² = 0.8774

Red

pepper

1 y = 201.36x + 1848.5 R² = 0.4695

5 y = 536.75x + 839.72 R² = 0.9107

10 y = 243.17x + 1823.8 R² = 0.8720

Wheat

1 y = -422.75x + 15723 R² = 0.8285

3 y = -456.81x + 21738 R² = 0.9578

7 y = -398.97x + 26885 R² = 0.6634

10 y = -1397.9x + 42996 R² = 0.9498

Sesame

1 y = -102x + 10790 R² = 0.3101

3 y = 12.861x + 17914 R² = 0.0091

5 y = -1489.9x + 42588 R² = 0.9595

Complex

seasoning

1 y = -167728x + 4E+06 R² = 0.9979

5 y = -269119x + 6E+06 R² = 0.9924

10 y = -407874x + 1E+07 R² = 0.9817
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(2) TL

( ) TL

7 0.3~0.5 mg TL

TL intensity . (R
2
) 0.7093~0.8941,

8416~9641, 0.9152~0.9929, 0.9709~0.9788, 0.9191~0.9666, 0.8331~0.9235,

0.8325~0.9296 (Table 63).

Table. 63. Correlation coefficients(R
2
) between irradiation dose and TL intensity in gamma-irradiated

agricultural products during storage

1)X: irradiation dose(kGy), y: TL intensity(a.u.)

Sample
Storage

(month)

Regression expressions and coefficients

Linear Polynomial

Mathematical fit Coefficients Mathematical fit Coefficients

Carrot

0 y = 30.452x + 57.7571) R² = 0.8173 y = -5.5995x2 + 71.109x + 28.542 R² = 0.9106

6 y = 22x + 54 R² = 0.7093 y = -6.5538x2 + 69.586x + 19.806 R² = 0.9217

12 y = 21.443x + 32.53 R² = 0.8941 y = -3.2339x2 + 44.924x + 15.658 R² = 0.9628

Walnut

0 y = 9.9831x + 18.288 R² = 0.9641 y = -0.1294x2 + 10.634x + 17.955 R² = 0.9644

6 y = 7.3559x + 13.949 R² = 0.8666 y = -1.8781x2 + 16.81x + 9.1106 R² = 0.9699

12 y = 5.7627x + 11.034 R² = 0.8416 y = -1.2186x2 + 11.897x + 7.8945 R² = 0.9105

Soybean

0 y = 310.87x - 184.47 R² = 0.8129 y = 49.066x2 - 176.46x + 302.03 R² = 0.9395

6 y = 233.14x - 151.17 R² = 0.7823 y = 39.67x2 - 160.88x + 242.17 R² = 0.9239

12 y = 136.86x - 26.195 R² = 0.8596 y = 15.968x2 - 21.743x + 132.13 R² = 0.9327

Red

pepper

0 y = 721.29x + 581.34 R² = 0.9709 y = -46.332x2 + 1186.1x + 181.54 R² = 0.9979

6 y = 541.32x + 401.21 R² = 0.9788 y = -28.531x2 + 827.55x + 155.01 R² = 0.997

12 y = 416.03x + 365.87 R² = 0.9729 y = -23.524x2 + 652.03x + 162.88 R² = 0.9938

Wheat

0 y = 979.01x + 931.38 R² = 0.9666 y = -58.762x2 + 1577.9x + 242.33 R² = 0.9965

6 y = 712.67x + 818.65 R² = 0.9401 y = -58.248x2 + 1306.3x + 135.62 R² = 0.9941

12 y = 527.44x + 666.74 R² = 0.9191 y = -53.055x2 + 1068.1x + 44.611 R² = 0.999

Sesame

0 y = 864.03x + 270.42 R² = 0.9231 y = -165.25x2 + 1695.9x - 155.31 R² = 0.9849

6 y = 650.49x + 116.64 R² = 0.8331 y = -158.42x2 + 1448x - 291.5 R² = 0.9235

12 y = 451.88x + 85.017 R² = 0.9235 y = -75.619x2 + 832.54x - 109.8 R² = 0.9708

Complex

seasoning

0 y = 63.516x + 158.19 R² = 0.8325 y = -6.9952x2 + 133.69x + 97.824 R² = 0.9004

6 y = 49.323x + 96.21 R² = 0.8834 y = -5.506x2 + 104.56x + 48.698 R² = 0.9575

12 y = 46.71x + 66.911 R² = 0.9296 y = -4.2451x2 + 89.297x + 30.28 R² = 0.9812
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7 0.3~0.5 mg TL

TL ratio . (R
2
) 0.8378~0.8701,

9438~9810, 0.9139~0.9751, 0.7902~0.8372, 0.9734~0.9808, 0.9251~0.9894,

0.7844~0.8896 (Table 64).

Table. 64. Correlation coefficients(R
2
) between irradiation dose and TL ratio in gamma-irradiated

agricultural products during storage

1)X: irradiation dose(kGy), y: TL ratio

Sample
Storage

(month)

Regression expressions and coefficients

Linear Polynomial

Mathematical fit Coefficients Mathematical fit Coefficients

Carrot

0 y = 0.1276x + 0.1813
1)

R² = 0.8378 y = -0.0305x
2
+ 0.3493x + 0.0221 R² = 0.9995

6 y = 0.1045x + 0.1162 R² = 0.8466 y = -0.0239x2 + 0.2778x - 0.0083 R² = 0.9959

12 y = 0.0947x + 0.0892 R² = 0.8701 y = -0.0196x
2
+ 0.2371x - 0.0131 R² = 0.9960

Walnut

0 y = 0.069x + 0.0529 R² = 0.9438 y = -0.0095x
2
+ 0.117x + 0.0283 R² = 0.9767

6 y = 0.0984x + 0.048 R² = 0.9898 y = -0.0044x
2
+ 0.1206x + 0.0366 R² = 0.9935

12 y = 0.1446x + 0.0785 R² = 0.981 y = -0.0062x
2
+ 0.1758x + 0.0626 R² = 0.9842

Soybean

0 y = 0.1918x + 0.0841 R² = 0.9751 y = -0.0082x2 + 0.2729x + 0.0032 R² = 0.9862

6 y = 0.2735x + 0.073 R² = 0.9139 y = 0.0041x
2
+ 0.2332x + 0.1132 R² = 0.9151

12 y = 0.3334x + 0.0598 R² = 0.9591 y = 0.0008x
2
+ 0.3258x + 0.0674 R² = 0.9591

Red

pepper

0 y = 0.0604x + 0.119 R² = 0.7902 y = -0.0131x
2
+ 0.1551x + 0.0509 R² = 0.9148

6 y = 0.0809x + 0.1481 R² = 0.7984 y = -0.0209x2 + 0.2324x + 0.0393 R² = 0.9777

12 y = 0.1148x + 0.194 R² = 0.8372 y = -0.0194x2 + 0.2555x + 0.0929 R² = 0.9177

Wheat

0 y = 0.3081x - 0.0952 R² = 0.9734 y = 0.0157x
2
+ 0.1477x + 0.0894 R² = 0.9953

6 y = 0.3982x - 0.1 R² = 0.9808 y = 0.0108x
2
+ 0.2881x + 0.0267 R² = 0.987

12 y = 0.5196x - 0.0952 R² = 0.9743 y = 0.0007x
2
+ 0.5123x - 0.0867 R² = 0.9743

Sesame

0 y = 0.5074x + 0.1949 R² = 0.9251 y = -0.1107x2 + 1.1377x - 0.01 R² = 0.9998

6 y = 0.5802x + 0.2753 R² = 0.9373 y = -0.0643x2 + 1.1915x + 0.0442 R² = 0.9993

12 y = 0.8679x + 0.2098 R² = 0.9894 y = -0.1014x
2
+ 1.0178x - 0.0664 R² = 0.9927

Complex

seasoning

0 y = 0.3583x + 0.7686 R² = 0.8801 y = -0.0375x
2
+ 0.7347x + 0.4448 R² = 0.945

6 y = 0.1735x + 0.3608 R² = 0.8896 y = -0.0125x
2
+ 0.2986x + 0.2532 R² = 0.9205

12 y = 0.3857x + 1.1693 R² = 0.7844 y = -0.0462x2 + 0.8489x + 0.7709 R² = 0.8600
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( ) TL

7 0.3~0.5 mg TL

TL intensity . (R
2
)

0.7093~0.8941, 0.8416~0.9641, 0.9152~0.9929, 0.9709~0.9788,

0.9191~0.9666, 0.8331~0.9235, 0.8325~0.9296 ,

0.7093~0.8941, 0.8416~9641, 0.9152~0.9929,

0.9709~0.9788, 0.9191~0.9666, 0.8331~0.9235, 0.8325~0.9296

(Table 65).

Table. 65. Correlation coefficients(R
2
) between storage period and TL intensity in irradiated

agricultural products at different doses

1)X: storage period, y: TL intensity (a.u.)

Sample
Dose

(kGy)

Gamma ray

Mathematical fit Coefficients

Carrot

1 y = -5.0833x + 139.51) R² = 0.9802

3 y = -4.8333x + 174.33 R² = 0.9372

7 y = -6.8333x + 246.33 R² = 0.8818

Walnut

1 y = -0.8333x + 33.667 R² = 0.9868

3 y = -1.3333x + 46 R² = 0.9552

5 y = -2.5833x + 66.833 R² = 0.9446

Soybean

1 y = -14x + 359 R² = 0.9592

3 y = -16.667x + 576.67 R² = 0.9690

5 y = -38.417x + 974.5 R² = 0.9152

10 y = -169.58x + 3681.5 R² = 0.9929

Red

pepper

1 y = -44.583x + 1487.2 R² = 0.9316

5 y = -176.42x + 4776.8 R² = 0.9728

10 y = -256.58x + 7327.8 R² = 0.9879

Wheat

1 y = -83.5x + 2054.3 R² = 0.9437

3 y = -131.75x + 4381.5 R² = 0.9223

7 y = -214.58x + 6536.8 R² = 0.9551

10 y = -394.75x + 10028 R² = 0.9921

Sesame

1 y = -53.417x + 953.83 R² = 0.7664

3 y = -149.67x + 3740 R² = 0.9756

5 y = -167.75x + 4046.2 R² = 0.9801

Complex

seasoning

1 y = -20.333x + 721 R² = 0.8881

5 y = -15.583x + 529.83 R² = 0.9438

10 y = -16.917x + 344.5 R² = 0.9423
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7 0.3~0.5 mg TL

TL ratio . (R
2
)

0.8997~0.9737, 0.8045~0.9767, 0.8618~0.9621, 0.8599~0.9714,

0.9227~0.9935, 0.9099~0.9994, 0.8325~0.9997 (Table 66).

Table. 66. Correlation coefficients(R
2
) between storage period and TL ratio in irradiated agricultural

products

1)X: storage period, y: TL ratio

Sample
Dose

(kGy)

Gamma ray

Mathematical fit Coefficients

Carrot

1 y = -0.0148x + 0.33751) R² = 0.8997

3 y = -0.0211x + 0.7763 R² = 0.9737

7 y = -0.024x + 0.951 R² = 0.9389

Walnut

1 y = -0.0098x + 0.2683 R² = 0.8045

3 y = -0.0189x + 0.4847 R² = 0.9551

5 y = -0.0347x + 0.7787 R² = 0.9767

Soybean

1 y = -0.1319x + 3.6322 R² = 0.9609

3 y = -0.005x + 0.2625 R² = 0.9621

5 y = -0.0481x + 1.5186 R² = 0.9015

10 y = -0.0522x + 1.9595 R² = 0.8618

Red

pepper

1 y = -0.0171x + 0.4587 R² = 0.8599

5 y = -0.021x + 0.6208 R² = 0.9714

10 y = -0.0366x + 0.9179 R² = 0.9621

Wheat

1 y = -0.1588x + 5.0076 R² = 0.9935

3 y = -0.0087x + 0.5037 R² = 0.936

7 y = -0.0258x + 0.9161 R² = 0.9227

10 y = -0.1411x + 2.8557 R² = 0.9918

Sesame

1 y = -0.0432x + 1.242 R² = 0.9994

3 y = -0.0695x + 2.9442 R² = 0.9565

5 y = -0.1622x + 4.2313 R² = 0.9099

Complex

seasoning

1 y = -0.1428x + 2.5631 R² = 0.9997

5 y = -0.1818x + 3.6926 R² = 0.9161

10 y = -0.2254x + 4.9603 R² = 0.9151



- 86 -

(3) ESR

radical ESR signal intensity

. 7 radiation-induced radical 4

signal

intensity . radiation-induced radical

, 0.9524, 0.9734, 0.9456, 0.9575

(Table 67).

Table. 67. Correlation coefficients(R
2
) between storage period and ESR intensity in gamma-irradiated

agricultural products at different doses

1)X: storage period, y: ESR intensity (a.u.)

.

7

.

(1) PSL

PSL calibration

, , (Table 68). 4 kGy 74

, 45997 PCs , calibration

linear 3.77, polynomial 2.9-3.0 kGy . 3 kGy linear 2.05,

polynomial 1.7-1.8 kGy , 1 kGy linear 0.75, polynomial 0.8-0.9 kGy

. , 5 kGy linear 2.86, polynomial

2.4-2.5 kGy , 7 kGy 2 kGy 6.3-7.02 kGy, 1.3-1.4

Sample
Do se

(kGy)

Regression expressions and coefficients

Linear Polynomial

Mathematical fit Coefficients Mathematical fit Coefficients

Carrot 7 y = -0.2651x + 88.0971) R² = 0.9524 y = 0.0005x2 - 0.3932x + 92.326 R² = 0.9705

Soybean 10 y = -0.2482x + 84.905 R² = 0.9734 y = 0.0004x2 - 0.3292x + 87.099 R² = 0.9809

Red pepper 10 y = -0.207x + 87.376 R² = 0.9456 y = 0.0006x2 - 0.3798x + 93.804 R² = 0.9968

Complex seasoning 10 y = -0.1759x + 92.209 R² = 0.9575 y = 0.0003x2 - 0.2841x + 97.832 R² = 0.9861
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kGy .

.

Table 68. Estimation of the original dose in agricultural products using PSL calibration fits

Sample PSL counts
Actual condition Estimated dose (kGy)

Dose (kGy) Storage (day) Linear Polynomial

Soybean
45997±59721) 4 74 3.77 2.9-3.0

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

Complex seasonings
5535652±4444199 4 74 5.84 5.9-6.0

618177±4341 1 250 2.71 1.6-1.7

6902319±3288797 5 166 7.28 9.5-9.6

1)Means ± S.D. (n=3).

(2) TL

TL calibration

, , , . TL , TL

intensity 1 kGy 96.0 a.u, 3 kGy 1274.5 a.u, .4 kGy 948.5 a.u ,

linear 0.90, 3.64, 4.69 kGy (Table 69).

1 kGy ,

( , ) .

, 4 kGy linear 8.59, polynomial 8.1-8.2 kGy , 1 kGy 5 kGy

linear 0.47, 5.33 kGy .

(7, 9 kGy) ,

(3 kGy) (linear 3.39, polynomial 2.3-2.4 kGy)

. Linear model polynomial model , 2 kGy

polynomial 4 kGy linear model

.
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Table 69. Estimation of the original dose measuring in agricultural products using TL intensity

calibration fits

Sample TL intensity (a.u.)
Actual condition Estimated dose (kGy)

Dose (kGy) Storage (day) Linear Polynomial

Soybean 1274.5±71.41) 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 4.3-4.4

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 2.3-2.4

1)Means ± S.D. (n=2).
2)not available

TL TL ratio 4 kGy

linear 5.02 kGy, polynomial 4.4-4.5 kGy , 3 kGy linear 3.46 kGy,

polynomial 2.9-3 kGy, 1 kGy linear 0.73 kGy, polynomial 0.8-0.9 kGy

. TL ratio , 5 kGy linear 3.09 kGy,

polynomial 3.7-3.8 kGy , 7 kGy linear 9.74, polynomial 9.6-9.7 kGy, 2

kGy linear 3.73 kGy, polynomial 4.4-4.5 kGy . TL ratio

, 4 kGy linear 7.40 kGy, 1 kGy linear 2.72, polynomial 1.7-1.8 kGy, 5 kGy

linear 5.21 kGy, polynomial 3.5-3.6 kGy . TL ratio

, 7 kGy linear 5.02 kGy, polynomial 3.5-3.6 kGy , 9 kGy

linear 8.51, polynomial 7.3-7.4 kGy, 3 kGy linear 4.65 kGy, polynomial 3.2-3.3 kGy

. TL ratio 3 kGy polynomial model

, 5 kGy linear model . Kwon (23)

linear, quadratic, asymptotic mathematical fit

, ,

D`Oca (24,25) TL ratio calibration .
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Table 70. Estimation of the original dose measuring in agricultural products using TL ratio

calibration fits

Sample TL ratio
Actual condition Estimated dose (kGy)

Dose (kGy) Storage (day) Linear Polynomial

Soybean 1.046±0.1401) 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 4.4-4.5

Red pepper 0.566±0.077 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 seasonings 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 3.2-3.3

1)Means ± S.D. (n=2).
2)not available

4. / marker ESR signal D/B

.

. , ,

PSL, TL , ,

4~6 ESR .

(1) marker

( ) PSL

5 5 PSL . Table 71
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1694~7095 PCs 700~5000

. 91005~3304958 PCs 5000

PCs threshold value

. 307~335 PCs 700

9047~100294 PCs

.

Table 71. Photo-stimulated luminescence measurement for irradiated fresh ginsengs at different

producing area

Producing

area

Irradiation dose (kGy)

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 (+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

T1

, Yi (22) whole

PSL threshold value , 1~10 mg

PCs .

Table 72. Photostimulated luminescence measurement for irradiated white ginsengs at different

producing area

Priducing

area

Irradiation dose (kGy)

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 (+)

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.
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( ) TL

7 kGy

1~7 kGy TL . 50 g 100 g

0.2 mg mineral . TL glow curve 25

0 intensity (Fig. 34).℃

175~195 , 200~220 , 200~210 , 180~200℃ ℃ ℃ ℃

peak glow curve . TL glow curve

glow curve (Fig.

35). 195~200 , 195~220 , 185~200 ,℃ ℃ ℃

195~200 peak℃

. Autio Pinnioja

mineral quartz feldspar peak

intensity

.
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Fig. 34. Typical glow curves of minerals separated from gamma-irradiated fresh ginsengs.
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Fig. 35. Typical glow curves of minerals separated from gamma-irradiated white ginsengs.

TL intensity , intensity TL glow

curve R2=0.9670, R²=0.9741,

R2=0.8019, R2=0.9620 , R2=0.9276, R2=0.8962,

R2=0.9527, R2=0.9583 (Table 73). TL ratio

0.001~0.058 0.1 , 0.125~4.354 0.1

Table 74 .
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Table 73. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated fresh ginsengs

Sample
Producing

area

Regression expressions and coefficients

Mathematical fit1) Coefficients

Fresh

Ginseng

Punggi y = 7129x - 2259.5 R2 = 0.9670

Geumsan y = 365.67x + 5.5 R² = 0.9741

Gimpo y = 1879x + 3440.5 R2 = 0.8019

Gangwon y = 293x + 23.5 R2 = 0.9620

White

Ginseng

Punggi y = 373.33x - 80 R2 = 0.9276

Geumsan y = 437.33x + 178 R2 = 0.8962

Gimpo y = 200x + 160 R2 = 0.9527

Gangwon y = 3199x - 1944.5 R2 = 0.9583

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

Table 74. TL ratio(TL1/TL2) of minerals separated from fresh ginsengs

Sample
Producing

area

Irradiation dose (kGy)

0 1 4 7

Fresh

ginseng

Punggi 0.001±0.0001) 0.241±0.048 0.311±0.074 0.617±0.152

Geumsan 0.026±0.583 0.814±0.354 1.469±0.873 4.354±1.008

Gangwon 0.035±0.006 0.462±0.039 2.545±1.595 1.565±0.336

Gimpo 0.011±0.005 0.028±0.004 0.422±0.039 0.608±0.125

White

Ginseng

Punggi 0.005±0.001 0.256±0.056 0.336±0.162 0.415±0.137

Geumsan 0.004±0.007 0.325±0.158 1.102±0.374 2.287±0.386

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 0.472±0.134

1)Mean of ± standard deviation (n=3).

(2) ESR signal

4, 5, 6 1~7 kGy ESR

spectrum . , signal

cellulose radical . 4~6

, saponin

. cellulose,
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hemicellulose lignin . 7 kGy

ESR spectrum Fig. 36 . ESR

intensity , cellulose peak intensity ,

cellulose radical . ESR intensity

ESR intensity , ESR intensity

(Fig. 37).

Fig. 36. Typical ESR spectra of 7 kGy-irradiated white ginsengs at different cultivated period.
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Fig. 37. ESR intensity of irradiated white ginsengs at different cultivated period.
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.

(1) PSL

PSL 274~366 PCs

. 1 kGy

5000 PCs (Table 75).

PSL 1 kGy ,

. PCs

, Sanderson .

, (26)

PCs

.

Table 75. Photostimulated luminescence measurement for irradiated sesame seeds at different origins

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

TL signal ( 100 g) ( 200 g)

0.2 mg TL .

300 peak glow℃

curve . 1 kGy 150~250 peak℃

glow curve . 190~210 , 200~225 peak℃ ℃

(Fig. 38), 180~200 , 200~245 peak℃ ℃

Smaple Origin
Irradiation dose (kGy)

0 1 3 5

Sesame
Korea 274± 21 (-) 10263 ± 3525 (+) 18379 ± 4716 (+) 43648 ± 9367 (+)

Chinese 366 ± 46 (-) 21447 ± 3836 (+) 45840 ± 8535 (+) 31255 ± 11351 (+)

Perilla
Korea 358 ± 31 (-) 6950 ± 1006 (+) 18467 ± 11458 (+) 16734 ± 9763 (+)

Chinese 327 ± 55 (-) 13346 ± 4537 (+) 25371 ± 7047 (+) 57348 ± 10217 (+)
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glow curve (Fig. 39).
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Fig. 38. Typical glow curves of minerals separated from irradiated sesame at different origins.
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Fig. 39. Typical glow curves of minerals separated from irradiated perilla at different origins.

TL intensity intensity TL glow

curve R2=0.9992, R2=0.9480

, R2=0.9682, R2=0.9846 (Table 76). TL

ratio 0.029~0.051 0.1 ,

0.147~1.552 0.1 Table 77 .
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Table 76. Determination coefficients (R
2
) between irradiation dose and TL glow curve intensity in

irradiated sesame seeds

Sample Origins

Regression expressions and coefficients

Mathematical fit1) Coefficients

Sesame
Korea y = 8049x + 230.5 R2 = 0.9992

China y = 6532.3x - 219.5 R² = 0.9480

Perilla
Korea y = 2132.3x - 894.5 R² = 0.9682

China y = 1899x + 305. R² = 0.9846

1)
x: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 77. TL ratio of minerals separated from sesame seeds

Sample Origins
Irradiation dose (kGy)

0 1 3 5

Sesame

Korea 0.029±0.0071) 0.371±0.175 1.391±0.539 1.552±0.543

China 0.043±0.031 0.147±0.649 0.248±0.857 0.446±0.136

Perilla

Korea 0.051±0.006 0.153±0.091 0.345±0.151 0.452±0.158

China 0.028±0.011 0.842±0.334 0.422±0.135 0.508±0.241

1)Mean of ± standard deviation (n=3).

. ( , )

(1) PSL

( , ) PSL Table 78 . PSL

309~388 PCs ,

8842~69543 PCs 5000 . 1 kGy

8842~18262 PCs

. PCs

,

.
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Table 78. Photostimulated luminescence measurement for irradiated legumes at different origins

Sample Origin
Irradiation dose (kGy)

0 1 3 5

Kidney

bean

Korea 388 ± 22 (-) 11464 ± 1839 (+) 36489 ± 5583 (+) 69543 ± 5286 (+)

Chinese 309 ± 17 (-) 18262 ± 4531 (+) 27942 ± 2316 (+) 55367 ± 8456 (+)

Pea
Korea 324 ± 64 (-) 8842 ± 1368 (+) 9474 ± 4462 (+) 10232 ± 3763 (+)

Chinese 325 ± 21 (-) 10655 ± 2825 (+) 33682 ± 10054 (+) 43285 ± 6217 (+)

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

5 kGy 1~5 kGy TL

. TL signal ( 500 g) (

500 g) ,

. TL peak

peak intensity . , Fig. 40, 41

1 kGy peak 200℃

195~200 , 200~220 , 175~205 , 195~20℃ ℃ ℃

5 , signal intensity .℃

280 peak .℃

1 kGy signal intensity signal intensity

50 . TL intensity

intensity TL glow curve

R2=0.9390, R2=0.9081 ,

R2=0.9952, R2=0.9989 (Table 79). TL ratio

0.029~0.051 0.1 , 0.147~1.552

0.1 Table 80 .
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Fig. 40. Typical glow curves of minerals separated from irradiated kidney bean at different origins.
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Fig. 41. Typical glow curves of minerals separated from irradiated pea at different origins.

Table 79. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated legumes at different origins

Sample Origins
Regression expressions and coefficients

Mathematical fit1) Coefficients

Kidney bean
Korea y = 2165.7x + 1505.5 R

2
= 0.9390

China y = 11432x + 10956 R² = 0.9081

Pea
Korea y = 1995.7x + 215.5 R² = 0.9952

China y = 2962.3x + 65.5 R² = 0.9989

1)x: Irradiation dose (kGy), y: TL intensity (a.u.).
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Table 80. TL ratio of minerals separated from legumes at different origins

Sample Origins
Irradiation dose (kGy)

0 1 3 5

Kidney bean

Korea 0.054±0.0241) 0.141±0.066 0.491±0.217 1.152±0.336

China 0.038±0.011 0.457±0.185 0.548±0.185 1.446±0.537

Pea

Korea 0.044±0.016 0.162±0.091 0.345±0.151 0.452±0.139

China 0.008±0.001 0.384±0.178 0.422±0.167 0.508±0.174

1)
Mean of ± standard deviation (n=3).

(3) ESR

,

microwave power 0.4 mW . single

line ESR signal , cellulose radical triplet

line signal 6 mT (Fig.

42,43).
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Fig. 42. Typical ESR spectra of irradiated kidney beans at different origins.
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Fig. 43. Typical ESR spectra of irradiated pea at different origins.

.

(1) PSL

( , ) ( , , ) PSL Table

81,82 . PSL 269~335 PCs

, 7943~68294 PCs 5000 .

1 kGy 7943~14839 PCs

.

PCs .

Table 81. Photostimulated luminescence measurement for irradiated kiwi at different origins

1)Means ± S.D. (n=3).
2)Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

Origin

Irradiation dose (kGy)

0 1 3 5

Chile 269 ± 35
1)
(-)

2)
7943 ± 2106 (+) 21958 ± 7836 (+) 55195 ± 9485 (+)

Newziland 335 ± 47 (-) 14839 ± 4023 (+) 33857 ± 8059 (+) 68294 ± 12947 (+)
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Table 82. Photostimulated luminescence measurement for irradiated carrot at different origins

1)
Means ± S.D. (n=3).

2)
Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2.

(2) TL

1~5 kGy, 1~7 kGy .

300 g, 200g water rinsing

. TL

peak peak intensity . , Fig. 44,45

1 kGy peak 200℃

160~230 , 200~225 , 205~225 ,℃ ℃ ℃

220~230 , signal intensity℃

. 280 peak .℃

1 kGy signal intensity

signal intensity 50 .

50 100 150 200 250 300 350 400

0

100

200

300

400

500

600

700

800

900

1000 Chile

T
L
 i
n
te

n
si

ty
 (

a
.u

.)

Temperature (
o
C)

 0 kGy
 1 kGy
 3 kGy
 5 kGy

50 100 150 200 250 300 350 400

0

200

400

600

800

1000

1200

1400

Newziland

T
L

 I
n

te
n

s
ity

 (
a

.u
.)

Temperature (
o
C)    

 0 kGy
 1 kGy
 3 kGy
 5 kGy

Fig. 44 Typical glow curves of minerals separated from irradiated kiwis at different origins.

Origin
Irradiation dose (kGy)

0 1 4 7

China 397 ± 49 (-) 30291 ± 16372 (-) 11203 ± 6803 (-) 29847 ± 4490 (-)

Polland 325 ± 21 (-) 19782 ± 8394 (+) 23682 ± 7938 (+) 49573 ± 10084 (+)
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Fig. 45. Typical glow curves of minerals separated from irradiated carrots at different origins.

TL intensity intensity TL glow

curve R2= 0.9911, R2=0.9952

, R2=0.9273, R2=0.8619 (Table 83).

TL ratio 0.012~0.049 0.1 ,

0.154~0.616 0.1 Table 84, 85 .

Table 83. Determination coefficients (R2) between irradiation dose and TL glow curve intensity in

irradiated legumes at different origins

Sample Origins
Regression expressions and coefficients

Mathematical fit1) Coefficients

Kiwi
Chile y = 206.1x - 13.729 R² = 0.9911

New zealand y = 250.85x + 45.593 R² = 0.9952

Carrot
China y = 164.67x - 25.25 R² = 0.9273

Poland y = 257x + 11.5 R² = 0.8619
1)x: Irradiation dose (kGy), y: TL intensity (a.u.).

Table 84. TL ratio of minerals separated from legumes at different origins

Sample Origins
Irradiation dose (kGy)

0 1 3 5

Pea
Korea 0.012±0.016 0.234±0.042 0.286±0.132 0.371±0.112

China 0.018±0.011 0.154±0.132 0.269±0.174 0.611±0.255

1)Mean of ± standard deviation (n=3).
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Table 85. TL ratio of minerals separated from legumes at different origins

Sample Origins
Irradiation dose (kGy)

0 1 4 7

Kidney bean
Korea 0.023±0.0141) 0.364±0.117 0.522±0.322 0.616±0.283

China 0.049±0.021 0.157±0.086 0.248±0.128 0.539±0.174

1)
Mean of ± standard deviation (n=3).

5.

. PSL

PSL PCs

. 1, 10 kGy 0.25, 0.5, 1, 2 mm sieve

2.5g , 3 g

PSL . 321~393

PCs , 1 kGy 28731 PCs

PSL .

,

, PCs .

.

,

.
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Table 86. Photostimulated luminescence measurement for irradiated vegetables at different particle

size

1)
Mean of ± standard deviation (n=3).

2)Threshold value : T1=700, T2=5000, (-) < T1, T1 < (M) < T2, (+) > T2.

3)+, positive, irradiated; -, negative, non-irradiated.

.

(1) PSL

, .

Fig. 46 . 447

PCs , 1 10 kGy 10% 312 14347～

PCs . photon counts

. , 1% intermediate

TL .

(2) TL

TL

. TL glow curve peak intensity

TL ratio(TL1/TL2) threshold value

.

Sample

Sieve

pore diameter

(mm)

Irradiation dose (kGy)

0 1 10

Pak choi

0.25 335±971),2) (-)3) 28731±3262 (+) 48291±6997 (+)

0.5 492±35 32845±6983 (+) 50995±9031 (+)

1 321±46 36013±11741 (+) 30287±10029 (+)

2 543±55 38401±10502 (+) 55123±14296 (+)

Spinach

0.25 393±58 14186±1832 (+) 25759±7847 (-)

0.5 294±33 13908±2921 (+) 30571±9916 (+)

1 313±47 12595±3713 (+) 33872±11074 (+)

2 346±35 19402±5437 (+) 40294±14579 (+)
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Fig. 46. Photostimulated luminescence determinations of turmeric containing different percentage of

gamma-irradiated sample (Threshold value : T1=700, T2=5000, (-)<T1, T1<(M)<T2, (+)>T2).

TL TL .

Fig. 47-48 glow curve

, glow curve intensity

. 2% 1 kGy glow curve 10

kGy glow curve . TL intensity

(Fig. 49).
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1 .
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Fig. 47. TL glow curves of powdered-turmeric containing different percentage(0.1-10%) of 1

kGy-irradiated contents.
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Fig. 48. TL glow curves of powdered-turmeric containing different percentage(0.1-10%) of 10

kGy-irradiated contents.
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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-irradiated sample.

.

(1) PSL

PSL screening

, ( , , ) , , . 5

10 kGy (S.D., V.D.) Table 87, 88

. (Beef, Soybean paste, Garlic, Broth) 294.4~416.0

photon count , 4,542.8~1,806,418.0 PSL

. , PSL Beef seasoning



- 110 -

5 kGy 4,542.8 cpm 297.2 , 10 kGy 8,065.4 347.8 cpm

(700 cpm ) , Soybean seasoning 5 kGy

1,433,048.3 556.7 cpm , 10 kGy 1,806,418.0 561.7 cpm S.D. PSL

. , V.D. Garlic Broth seasoning

(Table 88).

Table 87. Photostimulated luminescence measurement for irradiated seasonings before and after

spray drying

Sample

Irradiation dose (kGy)

0
Before S.D After S.D

5 10 5 10

Beef seasoning 294.4 (-)1) 4,542.8 (M) 8,065.4 (+) 297.2 (-) 347.8 (-)

Soybean seasoning 416.0 (-) 1,433,048.3 (+) 1,806,418.0 (+) 556.7 (-) 561.7 (-)

Threshold value : T1=7,000,T2=5,000,(-) T〈 1,T1 (M) T〈 〈 2,(+) T〉 2

Table 88. Photostimulated luminescence measurement for irradiated seasonings at vacuum drying

Sample

Irradiation dose (kGy)

0
Before V.D After V.D

5 10 5 10

Garlic seasoning 331.0 (-)1) 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 (+) 7,619,471.2 (+)

Threshold value : T1=7,000,T2=5,000,(-) T〈 1,T1 (M) T〈 〈 2,(+) T〉 2

(2) TL

TL 2009-44

. , 100 g water rinsing TL

.

tube

. 0.430~0.805 nC , 150~250℃

glow curve .
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. (5, 10 kGy) Beef seasoning Soybean paste

/ TL Fig. 51~55 . 5 10 kGy

150~250 glow curve , .℃

Fig. 3 6 TL Beef seasoning TL

5 10 kGy S.D. PSL 5 10 kGy 53.8,

50.2% . , V.D. Garlic Broth seasoning

(Garlic 5, 10 kGy 30.2, 12.5%, Broth 5, 10 kGy 22.5,

32.6%).
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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 garlic seasoning before and after vacuum drying.
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Fig 54. TL glow curves of mineral separated from fermented soybean paste powder before and after

vacuum drying.
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Fig 55. TL intensity of mineral separated from seasonings at different drying condition.

(3) ESR

ESR signal

(Fig. 56-59). ESR intensity ,

81.7 %, 71.7 % ,

96.7 %, 99.4 % radical

. ( ), ( , ), ( )

Mn2+ ion radical , Mn2+ radical radical

radical , radical ESR

(27-30).
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Fig. 56. ESR spectra of irradiated beef seasonings before and after spray drying.
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Fig. 57. ESR spectra of irradiated fermented soybean paste before and after spray drying.
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Fig. 58. ESR spectra of irradiated garlic seasonings before and after vacuum drying.
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Fig. 59. ESR spectra of irradiated broth seasonings before and after vacuum drying.

.

(LS-A), (LS-B)

TL . 1, 3, 5 %

0.5, 1, 1.5 % glow curve

. TL

300℃

(Table 89). 150-250 glow℃

peak . glow curve TL

intensity , 300 glow peak 150-250℃ ℃

glow peak .

energy . TL ratio 0.1

, CEN(15) 2 TL ratio

0.1 TL ratio glow curve .

TL

300 ,℃

150-250 glow peak (Table 903). glow℃

curve TL intensity .
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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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Table 90. TL glow curves of mineral separated from Ssam-jang at different blending ratio and

sterilization treatment

1)BP, before pasteurization; AP, after pasteurization.

Treatment Irradiation dose (kGy)
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6. screening reference inter-laboratory test

. TL

verification TL ( , ,

) (n=9). coding

( 0, 1, 10 kGy) coding ,

. Inter-laboratory , glow curve

(Table 91), 3

100% (Table 92).

Table 91. TL glow curves of mineral separated from coded unknown dried vegetable powders by

TL analysis

Sample
Irradiation dose (kGy)

0 1 10

Onion

Garlic

Ginger
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Table 92. Inter-laboratory test of coded unknown dried vegetable powders by TL analysis

Coded

No.

Actual
Condition

Discrimination Results

A Institute B Institute C Institute

Sample Dose (kGy) Glow curve1) Evaluation Glow curve Evaluation Glow curve Evaluation

GG-E Ginger 1 IR O IR O IR O

GG-G Ginger 0 NR O NR O NR O

GG-I Ginger 10 IR O IR O IR O

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.

. TL

2 ( , ) inter-laboratory test

. 0, 1, 10 kGy, 1.5, 3 % 3

( , , CJ ) .

coding CJ coding ,

.

TL , (sauce) 0 kGy 200℃

, 320 max. peak , 1 kGy (℃

3% ) 150-220 300 max. peak , 10℃ ℃

kGy ( 3% ) 150-250 (Table 93).℃

glow curve 255-300 max. peak , 1 kGy 10 kGy (℃

1.5% ) 155~240 max. peak (Table 94). Interabotory test℃

20 ( 9 , 11 ) , 3

, (1 kGy) (1.5%)

, 80-100% (Table 95)
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Table 93. TL glow curves of mineral separated from coded unknown sauce by TL analysis

Sample
Irradiation dose (kGy)

0 1 10

Sauce

Table 94. TL glow curves of mineral separated from coded unknown Ssamjang by TL analysis

Sample
Irradiation dose (kGy)

0 1 10

Ssamjang
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Table 95. Results of interlaboratory comparison study for detection-ability of irradiated ingredient, added in different ratios in liquid sauces by TL analysis

No.

A Institute B Institute C Institute

Code
Actual Condition Results

Code
Actual Condition Results　

Code
Actual Condition Results

Sample Dose
(kGy)

Ratio
(%)

Glow
curve1)

Eval-
uation Sample Dose

(kGy)
Ratio
(%)

Glow
curve

Eval-
uation Sample Dose

(kGy)
Ratio
(%)

Glow
curve

Eval-
uation

1 A-1 Sauce 0 100 NR O B-1 Sauce 10 3 IR O C-1 Sauce 0 100 NR O

2 A-2 Sauce 0 100 NR O B-2 Sauce 0 100 NR O C-2 Sauce 0 100 NR O

3 A-3 Sauce 10 3 IR O B-3 Sauce 1 3 IR O C-3 Sauce 10 3 IR O

4 A-4 Sauce 0 100 NR O B-4 Sauce 0 100 NR O C-4 Sauce 0 100 NR O

5 A-5 Sauce 1 3 IR O B-5 Sauce 1 3 NR X C-5 Sauce 1 3 IR O

6 A-6 Sauce 0 100 NR O B-6 Sauce 0 100 NR O C-6 Sauce 0 100 NR O

7 A-7 Sauce 1 3 IR O B-7 Sauce 1 3 NR X C-7 Sauce 1 3 IR O

8 A-8 Sauce 0 100 NR O B-8 Sauce 10 3 IR O C-8 Sauce 0 100 NR O

9 A-9 Sauce 1 3 IR O B-9 Sauce 0 100 NR O C-9 Sauce 1 3 IR O

10 A-10 Sauce 10 3 IR O B-10 Sauce 0 100 NR O C-10 Sauce 10 3 IR O

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 O B-12 SSamjang 10 1.5 NR X C-12 SSamjang 0 100 NR O

13 A-13 SSamjang 10 1.5 IR O B-13 SSamjang 0 100 NR O C-13 SSamjang 10 1.5 IR O

14 A-14 SSamjang 10 1.5 IR O B-14 SSamjang 0 100 NR O C-14 SSamjang 0 100 NR O

15 A-15 SSamjang 0 100 NR O B-15 SSamjang 10 1.5 IR O C-15 SSamjang 10 1.5 IR O

16 A-16 SSamjang 1 1.5 NR X B-16 SSamjang 10 1.5 IR O C-16 SSamjang 1 1.5 IR O

17 A-17 SSamjang 10 1.5 IR O B-17 SSamjang 1 1.5 IR O C-17 SSamjang 10 1.5 IR O

18 A-18 SSamjang 0 100 NR O B-18 SSamjang 1 1.5 IR O C-18 SSamjang 0 100 NR O

19 A-19 SSamjang 0 100 NR O B-19 SSamjang 0 100 NR O C-19 SSamjang 0 100 NR O

20 A-20 SSamjang 1 1.5 IR O B-20 SSamjang 0 100 NR O C-20 SSamjang 1 1.5 IR O

Correct 90% Correct 80% Correct 100%

1)
NR, non-irradiated; IR, irradiated.
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과 별 연도별 연 개 목 달 도 여도

1

동

과

차 도1

(2009)

산가공원료 가공▶

사처리 여 신 별 개

산가공 시험▶

용가능

산가공원료 가공 에▶

특 용marker

산가공원료 가공 리35▶

별마커 D/B (100%)

산지에 별 마커 니 링,▶

체계screening /reference

(100%)

감마 사원료 차가공 말 합비1 ( /▶

건에 별마커 비)

(100%)

차 도2

(2010)

사 사식▶

량 평가 보

미지 산식 별 체계▶

검interlaboratory

사 처리 산가공원료 가공단▶

계별 마커 니 링

별 건

리 별 용매뉴얼▶

보 용

사 식 량 평가7 D/B▶

보 식 량4

(100%)

감마 처리 식 별마커▶

산원료 차가공 건 건 살균처리 에2 ( / )▶
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협동 연 과- 2 -

.Ⅰ

스핀공 에 한 사 사 식 별 술(ESR)□

연 개 필.Ⅱ

사 사 수 식 엄격한 검사 리 한 스핀공 술 개○

수출 식 원료 산물에 하여 산업계 생산현 에 한 별 술 확립○

연 개 내.Ⅲ

수출 축산가공 원료 가공 사 처리 여 신 별 술 개○

축산가공 원료 가공 사 처리여 신 별 술 수 량 평가 술 개○

원별 축산가공 원료 가공 중 별 술 수립○

수출 축산가공 원료 가공 에 특 marker○

연 개 결과.Ⅳ

가공 가공 과 다수 원료들에 한 최 건 확립하여 ESR○

특 별마커 하 다.

○ 별 가능한 확한 스 트럼 나타내는 든 시료에 량 답곡- R2 상0.95

형 나타내었 략 량 평가 가 가능하 다, (Dose estimation) .

사 원 감마 에 스 트럼 별 마커 차 는 거 없는( , ) ESR ( )○

것 단 원에 사 민감도는 시료에 라 다 것 확 할 수 었다.

○ 포도당 당 는 후에도 신호 가 거 변화지 않았지만 식과 지, , 1

는 간에 시그 감 가 나타났다 러한 변화에도 하고 약. ESR

축산물 시료에 한 별 가능하 다42 .

사 사 후 가열 건 식 처리는 시료 변형 생시킬 수 므radical○

별 시 하여야 는 알 수 었다(Factor) .
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식 원료 중 결 형 당 나 합 첨가물 비 사 사 시료간 스 트럼○

차 가 확하고 신호 가 커 별 하고 하 량에 도 별 가능1 kGy

하 다 검지한계는 당 에 식 특 별마커가 는 시. 0.1 kGy 0.2kGy ,

료 경우 하 다 건 과 나 야채 사 시료들 비 사 시료 같1kGy . g

값 가지는 스 트럼 많았 신호 도 크지 않아 상 검출한계single line

량 게 나타났다.

에 사 원료가 량 함 어 경우 실 에 원료○

함량 상 경우 별 가능하 결 형 당 원료 경우 함량에 도 별5% , 1%

가능하 다.

가공 신호 나타내지 않는 가 차지하고 어ESR ESR○

한 사 무 별 어 지만 그 산물 원료 경우 별 가능하 다.
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SUMMARY

문 약문( )

. Project TitleⅠ

Distinguishing Techniques on the Irradiated food of Agricultural Foods by Electron Spin

Reronance(ESR)

. Objectives of the projectⅡ

○ Development of distinguishing techniques for the control of Irradiated Agricultural Foods

imported from foreign country

Establishment of○ distinguishing techniques for the ingredient of exported agricultural

food in the industrial field

. Contents and Scope of the projectⅢ

○ Development of rapid distinguishing techniques for the irradiation treatment of exported

and imported livestock products

○ Development of estimation techniques for the absorbed does of imported livestock

products

Establishment of○ distinguishing techniques for storage period

Analysis of specific marker of irradiated food of export and imported livestock○

products

. Result of the projectⅣ

Establishment of most suitable condition for the milk and meat products &○

Analysis of the specific marker

○ R2 value was more than 0.95, dose estimation could be applied by regressional

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

between the Gamma-ray and electron beam

T○ he 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

.
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. (Electron Spin Resonance)

2. (79 )

. 1
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. 2

3.
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4. (1 )

.
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This study

Korea Food Code official Method (KFDA)

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 0.1 mW, 1 mW 5 ~ 12.5 mW 0.4 ~ 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
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. ESR ( )
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. ESR

포도당

R2 = 0.9808

R2 = 0.9941
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시료 사 원 회귀 식 R2

식
감마 y = 5.194x + 21.164 0.9788

y = 6.842x + 5.280 0.9971

지
감마 y = 4.595x + 9.960 0.9825

y = 3.734x + 9.099 0.9622

포도당
감마 y = 2.015x + 1.195 0.9808

y = 1.647x + 2.225 0.9941

당
감마 y = 3.210x + 0.361 0.9800

y = 2.436x + 2.229 0.9855

과 믹스 감마 y = 5.790x + 6.090 0.9630

감마 y = 1.383x + 2.259 0.9662

y = 1.071x + 3.337 0.9576

. ( , )
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. ( )
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각 시료 간에 신호 변화5.

량

kGy
개월0 개월1 개월3 개월4 개월5 개월6 개월7 개월8 개월9 개월10 개월11 개월12

개월17

새샘플

식

1 2454 2298 2067 1974 1890 1876 1746 1711 1701 1685 1648 1627 1472

3 3883 3652 3108 2993 2747 2654 2580 2523 2473 2362 2261 2203 2452

5 4842 4346 3280 3040 2952 2848 2759 2628 2509 2535 2501 2485 2455

7 5597 5331 4766 4324 4235 3963 3884 3788 3699 3685 3666 3622 3567

지

1 1308 1256 982 962 931 847 834 771 760 696 649 652 914

3 2593 2335 1892 1845 1621 1502 1386 1318 1372 1338 1245 1211 759

5 3299 3153 1303 1768 1526 1402 1336 1217 1221 1111 1050 1072 766

7 4136 3534 532 485 452 446 463 441 413 433 404 398 587

포도당

1 2524 2573 2744 2819 2708 2750 2784 2803 2664 2740 2775 2692 3007

3 8100 8508 8044 8018 7586 7729 7553 7533 7574 7685 7913 7708 8993

5 11616 11384 12714 11692 12256 12280 11768 12458 11679 11890 12432 12108 13685

7 14787 14643 16259 16664 16008 16183 16192 16462 15951 15729 15616 15206 19395

당

1 3550 3574 3612 3605 3457 3288 3566 3397 3271 3265 3439 3445 3180

3 10858 11065 11509 10606 10200 10358 9863 9528 9693 9748 10346 9846 9923

5 14745 14945 14918 13934 13965 13329 13355 13195 13349 13468 13693 13495 13871

7 23656 24122 25880 25094 24097 23990 24494 23978 23567 23377 23986 24014 22145

1 3011 2734 511 553 596 588 529 590 562 598 554 563 3063

3 7216 7151 7973 7898 7459 7518 7611 7495 6983 6899 6887 6924 6044

5 9461 9341 5655 5318 4963 4477 4748 4216 4205 4174 3926 3975 7656

7 11085 11355 11410 12189 11160 11416 10607 10612 9987 10003 9981 10014 9549

각 시료 간에 신호 변화
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.
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비 사 에 사 결 형당 함 시료(2) .
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5. (2 )

. (1 kGy ) ESR
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식 에 나타낸 비 칭 시그 에 는 거 나타나지 않았고-1 1 kGy 0.1 kGy 0.2 kGy

약간씩 나타나 량 아질수 씩 뚜 하게 시 었다 크 가 비 칭신호.

크게 하 해 감도 경우 스라 변화가 격하여 확 어 운 문 다.
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.

. 2 ESR
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. ESR
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. Mn2+

회1 회2 회3 회4 회5 회6 회7 회8 회9 회10 평균
준편

차

재연 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 9.104

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

재현 7060 7224 7253 7135 7152 7113 7149 7051 7103 7135 7137.5 63.645

튜브 재 착하는 과ESR

에 캐비티 내 시료 우 형태 시료 충진 형태 변화 등 변수가 늘어나

문 것 악 다.
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6. ESR
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7.

. , ESR

.

. - R2 0.95

.

. ( , ) ESR ( )

.

. , , 1

.
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. radical

.

.

1 kGy

. g

single line

.

.

5% 1%
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수출 농산 가공원료 및 제품 전 조사

처리여 판별기술 개발

Development of Detection Methods for E-beam Irradiated

Agricultural Materials and Products
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목.Ⅰ

수 식품 사 판별 술 개발

연 개발 목 및 필.Ⅱ

본 연 개발 목 식품 약품안 청에 고시 및 시행 사식품 시험법“ ”

다양한 용에 두고 다 재 내에는 감마 만 사 허가가 되어 나. (Co-60)

에는 사 역시 허용하고 다 차후 사 식품 내로 수 될 것에.

비하여 주 산 과 그 가공품에 한 사 판별 마커 료가 필 할 것 로database

상되 또한 가공에 해 변 할 수 는 판별마커에 한 보 및 한 판별 술

되고 다.

연 개발 내용 및 범.Ⅲ

수 산가공원료 및 품 사 처리여 판별 술 개발1.
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연 개발결과.Ⅳ

수 산가공원료 및 품 사 처리여 판별 술 개발1.
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제 협동4

열발 법 및 역기발 법 한 방사 조사(TL) (PSL)

축산식품 판별기술 개발

Development of Detection Methods for irradiated livestock

food using TL and PSL
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Irradiation does
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감

사과, ,

당근 보,

10%

1330 (I) 2837 (I) 4261 (I) 1815 (I)

사과, ,

당근 보,

5%

3266 (I) 1427 (I) 3172 (I) 1144 (I)

사과, ,

당근 보,

3%

923 (I) 988 (I) 1562 (I) 1281 (I)

시 치,

쇠고 , ,

비타민 1%

666 (N) 478 (N) 421 (N) 514 (N)

kGy
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Irradiation does

1 3 5 7

전

사과, ,

당근 보,

10%
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사과 보 당근, , , 10%

조사 원료 비 조사 식( 10g + 90g)
량 Glow Curve nC

감

1KGy 5.866

3KGy 11.25

5KGy 34.63

7KGy 119.9

전

1KGy 8.381

3KGy 19.57

5KGy 38.47

7KGy 106.3
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사과 보 당근, , , 5%

조사 원료 비 조사 식( 5g + 95g)
량 Glow Curve nC

감

1KGy
3.930

3KGy 5.728

5KGy 18.71

7KGy 27.16

전

1KGy
3.916

3KGy 7.044

5KGy 26.75

7KGy 48.42
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사과 보 당근, , , 3%

조사 원료 비 조사 식( 3g + 97g)

량 GlowCurve nC

감

1KGy
1.526

3KGy 2.767

5KGy 4.334

7KGy 8.689

전

1KGy
2.942

3KGy 4.565

5KGy 8.025

7KGy 15.58
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시 치 쇠고 비타민, , , 1%

조사 원료 비 조사 식( 1g + 99g)
량 GlowCurve nC

감

1KGy
0.4605

3KGy 1.457

5KGy 1.645

7KGy 2.753

전

1KGy
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3KGy 1.645

5KGy 2.795

7KGy 2.849
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N

13589

P

7623

P

8647

P

12547

P

늘

시 닝

237

N

7539

P

13468

P

5138

P

6751

P

고

양념

294

N

4057

P

7210

P

9135

P

8467

P

두

단

199

N

4398

P

8661

P

8369

P

10684

P
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kGy

sample

Irradiation does

blank 1 3 5 7

주

원 료

개월(6 )

감

비프

말

361

N

12054

P

14382

P

10774

P

14709

P

늘

시 닝

615

N

8641

P

12547

P

9425

P

10576

P

고

양념

248

N

3025

P

3742

P

5384

P

6748

P

두

단

311

N

4113

P

7518

P

8914

P

6295

P

전

비프

말

361

N

9481

P

11462

P

10648

P

12004

P

늘

시 닝

615

N

8375

P

8901

P

7436

P

12035

P

고

양념

248

N

5612

P

6847

P

4982

P

8352

P

두

단

311

N

4675

P

6791

P

7352

P

4644

P
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kGy

sample

Irradiation does

blank 7

료

감

전

가공

216

N

4716

I

정제염
622

N

-87014

N

산

조절제

471

N

1772

I

루타산L-

나트

816

I

157548

P

콜라겐
323

N

620

N

산염
2287

I

11624

P

빈산

칼

239

N

2446

I

파

361

N

7954

P

코치닐

추출색

509

N

1226

I

에

빈산

나트

3421

I

1913

I

아 산

나트

324

N

8487

P
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q

q



- 79 -



- 80 -



- 81 -



- 82 -



- 83 -



- 84 -



- 85 -



- 86 -



- 87 -



- 88 -



- 89 -



- 90 -



- 91 -



- 92 -



- 93 -

kGy

sample

Irradiation does

blank 1 3 5 7

포

주

원 료

개월(0 )

감

고추

가루

764

I

86229

P

189561

P

43564

P

147740

P

추

가루

868

I

26480

P

16741

P

10429

P

12486

P

생강

말

657

N

3852

I

4846

I

5845

P

7511

P

늘

말

594

N

10661

P

11209

P

9491

P

16114

P

양파

말

511

N

27807

P

20585

P

12463

P

15077

P

비프

말

661

N

13285942

P

15704285

P

24689114

P

14578193

P

전

고추

가루

764

I

150923

P

14149

P

114753

P

231509

P

추

가루

868

I

16646

P

15566

P

11788

P

13135

P

생강

말

657

N

3257

I

2753

I

7911

P

8936

P

늘

말

594

N

1189

P

12588

P

10223

P

14024

P

양파

말

511

N

44778

P

17149

P

15181

P

10123

P

비프

말

661

N

55608170

P

26581931

P

13269452

P

20611434

P
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kGy

sample

Irradiation does

blank 1 3 5 7

포

주

원 료

개월(3 )

감

고추

가루

640

N

103847

P

92465

P

135784

P

146287

P

추

가루

738

I

36542

P

17456

P

23576

P

27683

P

생강

말

426

N

5461

P

7714

P

3752

P

4966

P

늘

말

354

N

8974

P

9432

P

17456

P

27840

P

양파

말

458

N

27654

P

13544

P

16785

P

20648

P

비프

말

671

N

13876554

P

16574895

P

23597496

P

22364846

P

전

고추

가루

640

N

87435

P

148631

P

112384

P

157463

P

추

가루

738

I

24587

P

20176

P

15479

P

17684

P

생강

말

426

N

6715

P

7328

P

4354

P

5780

P

늘

말

354

N

10385

P

9772

P

11235

P

13568

P

양파

말

458

N

17541

P

11465

P

13845

P

19743

P

비프

말

671

N

24687466

P
17864651P 14697359P 25679776P
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kGy

sample

Irradiation does

blank 1 3 5 7

포

주

원 료

개월(6 )

감

고추

가루

541

N

138546

P

174516

P

110346

P

108789

P

추

가루

636

N

26959

P

13513

P

23640

P

30834

P

생강

말

426

N

6545

P

8465

P

7435

P

4954

P

늘

말

527

N

8464

P

7846

P

8940

P

8120

P

양파

말

684

N

13804

P

18794

P

20864

P

21132

P

비프

말

384

N

10104084

P

13084708

P

16086464

P

9040468

P

전

고추

가루

541

N

95654

P

135187

P

168796

P

154892

P

추

가루

636

N

34854

P

15687

P

23848

P

29745

P

생강

말

426

N

4531

P

8416

P

6102

P

5461

P

늘

말

527

N

9851

P

7106

P

8341

P

7654

P

양파

말

684

N

6019

P

6741

P

6371

P

7359

P

비프

말

384

N

18960845

P

13254847

P

95431202

P

86420145

P
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kGy

sample

Irradiation does

blank 7

포

료

감

정 당
672

N

3426

I

정제염
576

N

-42118

N

디 비톨
257

N

673

N

비타민씨
827

I

135997

P

산

조절제

503

N

974210

P

신
534

N

1339709

P

피클

트

932

I

-139658

N
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q

q

q

q
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q

q

q

q

q

q

q

q

q

q
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