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Abstract

Thermoluminescence measurements were applied to the detection of seasoned-powered foods such as shellfish
extract powder, seasoned marine products, Ramen soup powder and sardine extract powder whether they are
irradiated or not. Correlation coefficients (R’) between irradiation doses and corresponding TL responses were
more than 0.5966 in all samples and 0.9500 in Ramen soup powder. TL threshold value was pre-established
for the detection of unknown Ramen soup powders by verifying TL responses with a re-irradiation step.
Threshold values were maximum 1.37 for the nonirradiated samples and minimum 6.06 for the 2.5 kGy-ir-
radiated samples. The samples showing values between 1.37 and 6.06 were subjected to a re-irradiation step
for their detection, which results were reconfirmed by enumerating the total bacterial load of the detected sam-
ples. Pre-established threshold values were successfully applicable to the detection of 167 coded unknown
samples, both nonirradiated and irradiated with gamma or electron-beam energy. In the assessment of ir-
radiated doses, three calibration curves were pre-established by plotting TL intensity versus applied doses, of
which a quadratic equation was obtained for the potential estimation of irradiated doses with some variations

from the real doses.
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Table 1. Correlation coefficients (R’) between irradiat-
ed dose and thermoluminescent intensity in different
items of irradiated foods approved in Korea

Irradiated sample Irradiation 2 TL
(kGy) sources response”
Shellfish extract powder  Gamma-ray 0.7555
(2.5~15) Electron beam 0.5966
Seasoned marine powder Gamma-ray .7352
(2.5~15) Electron beam 0.8713
Ramen soup powder Gamma-ray  0.9532
(2.5~15) Electron beam 0.9561
Sardine extract powder Gamma-ray  0.6047
(2.5~15) electron beam (.8141
Red pepper powder Gamma-ray  0.0018
(2.5~15) Electron beam 0.0005

".: TL is not applicable, +: TL is applicable with the whole
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Fig. 1. TL intensity and TL glowcurve of irradiated sh-
ellfish extract powder exposed to gamma ray and elec-
tron beam.
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Fig. 2. TL intensity and TL glowcurve of irradiated
seasoned marine products exposed to gamma ray and
electron beam.
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Fig. 3. TL intensity and TL glowcurve of irradiated

Ramen soup powder exposed to gamma ray and elec-
tron beam.
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Fig. 4. TL intensity and TL glowcurve of irradiated
sardine extract powder exposed to gamma ray and el-
ectron beam.
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Fig. 5. Representative glowcurves of nonirradiated and
gamma-irradiated (2.5 kGy) Ramen soup powder. 1: glow-
curve of nonirradiated sample before re-iradiation step.
2: glowcurve of nonirradiated sample after re-irradiation
at 1.0 kGy. 3: glowcurve of irradiated (2.5 kGy) sam-
ple before re-irradiation step. 4: glowcurve of irradiat-
ed sample after re-irradiation at 1.0 kGy.
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Fig. 6. Frequency histogram for TL responses of Ramen
soup powder (n=10).
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emission W3l 542 A7 A)7] o}S thA] 1 kGyQ] 7
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irradiation threshold valueZ A3 <= 9l

TL threshold value (Peak area ratio)
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vl =Ab Al el Hit TL peak area

Table 2. TL glowcurve peak area ratio of Ramen soup
powder (n=20) before and after gamma-irradiation

Peak area ratio”

Sample
No. Before-irradiation Post-irradiation™
1 1.02 6.82
2 1.04 9.12
3 0.73 10.05
4 0.70 8.36
5 1.01 925
6 0.64 8.56
7 0.59 991
8 0.65 9.90
9 0.96 778
10 1.29 10.48
11 1.37 932
12 1.20 912
13 1.30 7.32
14 1.31 6.70
15 1.08 6.06
16 111 9.62
17 0.98 9.04
18 0.75 8.38
19 0.82 10.06
20 (.89 9.91

"Bach peak area/mean peak area of non-irradiation samples.
2.5 kGy.
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ehdde] TL &3 ZAzlelw, ¥ Al MAE
threshold value(®] A7~ max. 1.37, A7 min. 6.06)
= A8t 13 AT st wodeh 1 A
o 8o ek vIAAE F 67 AEe] TL
glowcurve peak area ratio?} 6.068.c} =LA vjeht} 7+
vl A Ao, ] 157]3= peak area ratio’}
1375} 227} Zpopa] Zhubal zals)r]) oF - 7o R
7hzk 2] 8}t (Table 3). TE&F Table 42] A 2}A Tl
A 8570 vIR|AlE F 77702] TL, glowcurve peak
area ratio7} 6.06.c}h = A e} HApd 2AbE 7o

Table 3. TL, glowcurve peak area ratio of gamma-ir-
radiated Ramen soup powder for blind test”

Sample Peak area Sample Peak area Sample Peak area

No. ratio No. ratio No. ratio
1 10.91 29 34.02 57 11.84
2 11.64 30 23.15 58 42.63
3 14.71 31 16.96 59 19.36
4 11.35 32 7.66 60 8.93
S 2.30 33 28.12 61 7.76
6 15.13 34 9.59 62 7.45
7 50.77 35 31.89 63 20.80
8 15.38 36 37.51 64 47.00
9 16.47 37 1.27 65 16.57
10 22.50 38 8.57 66 1.14
11 9.81 39 15.56 67 22.28
12 0.96 40 23.40 68 22.58
13 1.36 41 21.44 69 26.60
14 19.66 42 11.51 70 22.14
15 52.93 43 7.76 71 0.99
16 14.93 44 0.78 72 17.58
17 0.85 45 14.37 73 33.48
18 18.92 46 39.08 74 8.38
19 27.74 47 7.69 75 14.98
20 32.87 48 15.35 76 38.15
21 1.37 49 3237 77 1.02
22 13.76 50 0.83 78 1.10
23 14.51 51 9.26 79 39.54
24 0.91 52 6.06 80 9.16
25 13.68 53 32.50 81 12.86
26 1.20 54 15.20 82 127
27 1.30 55 42.46
28 10.81 56 30.73

YEach peak area/mean peak area of non-irradiated control.
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Table 4. TL, glowcurve peak area ratio of electron
beam-irradiated Ramen soup powder for blind test”

Table 5. Total bacterial counts of selected unknown
Ramen soup powder for blind test

Sample Peak area Sample Peak area Sample Peak area

No. ratio No. ratio No. ratio
1 58.08 30 59.09 59 119.80
2 72.27 31 122.17 60 58.84
3 48.46 32 41.06 61 1.01
4 38.88 33 66.34 62 34.85
5 48.77 34 0.60 63 311
6 45.24 35 41.82 64 111.77
7 66.52 36 0.65 65 90.99
8 49.15 37 1.04 66 52.08
9 42.65 38 52.74 67 27.72

10 84.77 39 38.97 68 81.58
11 103.51 40 57.24 69 93.92
12 87.38 41 49.71 70 44.26
13 114.08 42 0.70 71 44.20
14 39.33 43 47.42 72 72.28
15 29.76 44 38.59 73 86.47
16 84.63 45 26.18 74 116.80
17 55.90 46 0.64 75 42.93
18 83.05 47 41.09 76 36.86
19 0.70 48 45.52 77 52.17
20 55.31 49 137.86 78 50.86
21 59.13 50 47.91 79 62.78
22 34.77 51 71.46 80 20.55
23 141.75 52 61.15 81 57.13
24 84.48 53 27.73 82 58.70
25 151.56 54 46.10 83 56.49
26 50.93 55 0.74 84 43.88
27 100.21 56 40.90 85 48.18
28 96.23 57 110.04

29 38.25 58 225.59

"Each peak area/mean peak area of non-irradiated control.
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s 52 WA EEY 2AMNT X1 ASE F
Avb s F9l.om, vl ZAle] ME o] 37]

Selected Bacterial load (CFU/g)
sample No.  Gamma-irradiated  Electron beam-irradiated

1 8.7x10° 3.7%x10°
12 3.2x10° 1.2x10°
17 8.6x10° 3.6x10°
25 4.6x10° 0.6x 10?
39 3.6x10° 6.8x 10°
56 2.0x10° 4.1x10°
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Table 6. Three mathematical fits for estimating irradiat-
ed doses of Ramen soup powder

Irradiation

Three mathematical fits R?
source
Y=214.52743X+376.49317 0.9650
Y=-8.23080X°+337.98943X 0.9969
Gamma-ray +119.28067
Y=0.59964X’+-21.7227X* 0.9990
+410.69585X+68.686
Y=520.66309X+785.43943 0.9561
Y=-9.25326X"+659.46194X 0.9629
Electron-beam +496.27514
Y=5.43620X+-131.56780X’ 0.9918
+1318.60140X+37.59562
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