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Absiract

A study was carried out to establish a detection method of irradiated shellfish through thermoluminescence (TL).
The TL intensity of firsi glow curves for irradiated bloody, freshwater, and short-neck shellfish inereased from
contrpl until 5 kGy and increased slightly from 5 kGy until 10 kGy. Maximum TL temperatares of all irradiated
samples tested were below 230°C, within temperatare interval of 150 ~250°C recommended for evaluvation. Since
just in control, glow carve ratios of G3 and G4 calculated from re-irradiated {1 kGy) bloody, freshwater and shori-
neck were over 0.5, detection in control was possible. However, as glow curve ratios after three months were below
0.5, detection by glow curve ratios after three months was imipossible. G, which calculated from unirradiated samples,
exhibited below 0.1, they were classified as unirradiated. In all samples, all the irradiated shellfish could be classified
correctly as irradiated by the maximum TL temperatures and shape of the second glow curve hecause those were
shown in a lower temperalure region than those of the first glow curve.
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INTRODUCTION

Foods are weated wilh ionizing radiation to decrease mi-
crobial content and insect infestacons, and to extend shelf life.
Treatment of food by ionizing radiation is accepted for spe-
cific purposes in many couniries, although in other countries
the sale of frradiated foods for human consumption is pro-
hibited (1). Shellfish are particularly susceptible to bad handling
and poor quality control, the major problem being associated
with microbial contamination, especially by pathogens such
as species of Salmonella and Vibrio. If they are not inhibited
of destroyed, these microorganisms may present a public health
hazard and growth of spoilage flora will result in a decrease
in the shell-life of the product (2). Therefore, irradiation of
sheilfish should be cousidered as a useful tool o increase as-
surance of their safety. With the necessily of increasing irradi-
ation of shelifish, a detection technique should be requested
particularly by consumer organizations and developed faor cor-
rect and comprehensive information about food irradiation (3).

Thermoluminescence {TL) is radiation-specific phenomena
from energy stored by trapped charge carriers following irra-
diation (4). Releasing such siored energy by thermal stimulation
can result in a detectable lmninescence emission (5,6). Thermo-
lurninescence (TL) has been applied to various foods such as
spices, herbs (7-10), {ruits (11), omions, potato (12), and sea-
foods such as prawn, squid, shrimp, lobsier, crayfish, scampi
and {ish (13-16) as to be an irradiation-detection technique.
It was specifically shown io be an applicable method for the
detection of all irradiated spices (17-22). Pravious TL detection
studies for shellfish were carried out just for shell powder,
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not separated mineral of mollusc shells such as blue mussel,
chowder clam, dog cockle, softshell clam, periwinkle, com-
mon whelk, edibie cockle (23), oyster and king scaliop (15).

Therefore, the aim of this study was to observe the changes
in TL, under different storage conditions (with and without
light) and storage periods, of minerals separated [rom imra-
diated shellfish (bloody, freshwarter, and short-neck) not yet
examined in previous sludies and add new data in this field
such as changes of glow curve ratios and maximum TL tem-
peratures with various irradiation dose and experimental
conditions.

MATERIALS AND METHODS

Materials and irradiation

Shellfish (bloody, freshwater, and short-neck) were purchased
from a local market. Samples (300 g) were packed in poly-
cthylene bags and were irradialed using a Co-60 imradiator
(AECL, IR-79, Ontario, Canada) with 1, 5, and 10 kGy, with
a daose rate of 10 kGy/h at the Korea Atomic Energy Research
Instinte, To measare the exact total absorbed dose of gamma
irradiation, the dose rates for cobalt-60 sources were determined
using a ceric-cerous dosimeter.

Preparation of miperal extract

The 500 g samples were agitated in 5 L distilled water for
5min. The suspended samples were filtered through a 250
um pvlon cloth, and the constituents refained were discarded.
The filtered solution was allowed to settle for about 3 min
to separate the sediment minerals from the supemnatant. The
sediment minerals were snspended in 5 mlL sodium poly-
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tungstate solution which was adjusted to a density of 2.0
gfmL by the addition of water for the separation of minerals
and adhering organic materials. The minerals were pelleted
through centrifugation for 2 min at 100 rpm after a 5 min
ultrasonic treatient. The low-density layer was decanted off.
This procedure was repeated vntil all the organic materials
were removed. After the polytungstaie solution was removed,
the minerals were washed twice in water and pelleted through
centrifugation at 1000 1pm, followed by a 10min treatment
with | M HCI to remove carbonates. After neutralizing with
1M NHOH for 10min, the solution was discarded. The
minerals were washed twice in defonized water and centri-
fuged at 1000 rpm for 2 min to separate a mineral fraction,
Afier the supernatant was decanted, the remaining water was
then rinsed off with 3 mL of acetone twice and dried in a
laboratory oven at 50°C for 3 hr. The dried minerals {I mg)
were deposited onto a clean stainless steel disc (10 mm diam-
eter, 0.5 mm thickness), fixed with silicon solution, then dded
and measured with a thermoluninescence (T1,) teader (24).
After mineral separation, samples were divided into two groups
of storage condittons, with light and without light at room
temperature.

Thermoluminescence (TL) measurement

TL measurement was carried out using a TL reader (Harshaw
3500, Wermelskirchen, Germmany) with heat ranging from 50
to 320°C at a rate of 6°C/s and held at 320°C for 10s. The
light emission was 1ecorded in a temperature-dependent mode
as a glow curve and was measured in units of nano coulombs
{nC). After the first glow curve was measured, the discs with
the minerals were subsequently reirradiated using a Co-60
garmma rays with a normalizing dose of 1, 5 and 10 kGy. The
TL intenstiy was measured again after the reirradiation step
(second glow curve), The glow curve ratios I (G1) (first glow

curve of unirradialed samplefsecond glow curve of irradiated
sample at 1 and 5 kGy} and [1{G2, G3, G4) (first glow curve
per irradiation dose (G2=1 kGy, (33=3 kGy, G4=10 kGy)/sec-
ond glow curve of irradiated spices at 1, 5 and L0 kGy) were
then determined. TL measurements of all samples were te-
peated three times (24).

Statistical analysis

Significant differences were determined by using Duncan’s
muliiple range test in a one way ANOVA with SPSS (Statis-
tical Package for Soctal Science) version 7.5. All experiments
were repeated three times.

RESULTS AND DISCUSSION

TL intensity of mineral separated from irradiated shell-

fish

Minerals were extracted with organic compounds from sev-
eral shellfish such as bleody, freshwater, and short-neck. They
were separated with sodimn polytungstate solution (2.0 gfmL)
following treatment by acid-base and dried at 50°C overnight.
TL intensities of separated minerals with different irradiation
doses and storage conditions (with and without light) were mea-
sured. As shown in Table 1 and Fig, 1, TL intensities of min-
erals from unirradiated and irradiated bloody, freshwater, and
shori- neck increased from 11491116, 17597159, and
164.319.5 nC, respectively, in the umirradiated control to
3,138.1£3860.1, 10,673.0£815.1, and 10,225.911,661.3 nC
al 5 kGy, respectively, and slightly increased to 5,662.2 <
553.1, 10,659.5t112.6, and 11,616.0F1,4822 nC, respec-
tively, al 10 kGy. These results were similar to our previously
published data from TL intensities with increasing irradiation
dose in minerals separated from Korean perilla and sesame
seeds (25) and to those reported for shell powder by Ziegelmann

Table 1. TL intensities of first glow curves of minerals separated from irradiated shellfish measwed immediately after irradiation (control)

and after three months in conditions with and without light

(Unit : nano coulombs {nCimg))
Irradiation dosc (kGy)

Samples Storage conditions

Conirel” 1 5 10

Contral” 21495116%  *1,5049+048 *5.138.1£860.1° A5 6602+ 553.1°

Bloody After three  With light  #293.7%£51.5° 5733.4+79.2" B1,736.9 1+ 167.6° 52,397.5 £ 324.1°

months Without light *23534724.3° 51057 +114%°  Y2166.6 1547 2 938.0 +438.2°

Control 12159+157 '2825.9+511.0° '10,673.0-815.1" 10,6595+ 112.6°

Freshwalel  Afier three  With light 12209438  "1,488.9%1554°  U3,534.0 1 456.9° 1419535719
months Withowt light T210.7+-15.8°  "1452014253°  U3,150.8+£772.3° 13,646.2+1,359.8°
Control °264.3+19.5° “4.3009+6447° 102259116613 1161607148272

Short-neck  Afier three  With light  “2483+505°  #1,7292+42241°  #35059+375.7 23,2646+ 636.9°

months Without light  “230.8232.9"  71,3584.7+363.7° “2,822.7+250.8° 13 760.5 £ 428.3°

UContral ;. sample measured immediately after imadiation
“Control : unirradiated sample
*Means tstandard deviation for 3 measurements

"“Means with the same superscripls in each row are not significantly different among group by Duncan’s multiple range test in one

way ﬁ‘xNOVA (Pp<0.05).

test in one way ANOVA (p<0.05).

-4l Py teans with the same superscripts In each column are net significantly different among group by Duncan’s muliiple range
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Tig, 1. The changes of TL intensities of minerals separated from irradiated shellfish measured immediately after irradiation (control} and
after three months in conditions with and without light. M—: Conirol, £A—: After ihree months in condition with light, O—C: After

three months in condition without light

et al. (23). In all samples tested, TL intensities measured after
three months showed a decrease with an increase of storage
periods but there were no significant differences between
storage conditions (with and without light). However, as imra-
diated samples showed higher TL intensities than those of the
unirradiated samples, in all conditions, detection of irradiation
for irradiated shellfish was still possible after three menths.
Therefore, TL method by separated mineral can be proposed
as the method to detect the irradiation treatment of shellfish.
Generally, the TL intensities of minerals separated from imra-
diated samples were higher than those of unirradiated samples
{9,11,16). Schreiber et al, (26) reported that TL emission occurs
when the excited electroms retumn o the original level al a
certain temperature, Therefore, the principle of TL emission
in mineral separated from irradiated shelifish used in this
study seemed like that reported by Schreiber et al. (26).

TL intensities of second glow curve and glow curve

ratios

Glow curve ratios of irradiated samples are typically greater
than 0.5, whereas those of unirradiated samples are generally
below 0.1, If glow curve ratios between 0.1 and 0.3 ate

obtained, interpretation of the shape of the glow curves is need-
ed to decide whether the sample has been imadiated or not,
since the shapes of first glow curve showed in higher temper-
ature region than those of the second glow curve (24). A com-
parisen of the glow curve ratio as well as an analysis of glow
curve shapes were preferred for identifying frradiated or unir-
radiated samples in several sdies (7,11,16), In addition, Ham-
merton and Banos (17) reported that all spices tested were
clearly identified by re-irradiation as either unimadiated or
irradiated and the TL ratios (glow curve ratio) varied between
0.0039 and 0.19 for uninradiated samples, and between 0.79
and 2.4 for samples irradiated with 5 kGy. TL intensities of
second glow curves needed for calculations of glow curve
ratios are shown in Table 2. TL intensities of second glow
curves increased with, increasing re-itradiation dose and that
of 10 kGy increased slightly compared with that of 5 kGy.
However, there was no difference of TL intensities under dif-
fering storage conditions and time periods. TL intensities of
the reitradiated shellfish were in the order of freshwater, short-
neck, bloody at 5 and 10 kGy. Irradiated freshwater and short-
neck exhibited high TL intensities compared with the irra-

Table 2. TL intensities of second glow curves of minerals separated {roin irradiated shellfish measured immediately after irradiation (control)

and after three months in conditions with and without hght

{Unit : nano coulombs {nC/mg))
Irradiation dose (kGy)

43,025.9+3164"
55,003.2:£836.3°
A4,640.6 - 838.3°
19.725.5+1,866.2"

5 10
“2.911.4+2,339.1° A14,8252+3,012.7°

$15520.6+£1,269.3 B31,148.41,130.1°
15,470.12£1,489.9" AB1v 678.8-3,300.1°
1283846 1,637.6" 129,675.7-:5321.1°

124,823.11-4,882.6°
"16.667.8+4,737.9°
5 90,000.2+2,347.1°

461,737.1 +10,200.6° L60,244.1£4,259.2

737.015.3+6,074.9° 37977 4+9.622 8°
"31,161.243513.3" "40,107.6 1+ 4,675.3°

Samples Storage conditions
Control”
Bloody After three With light
months Without light
Control
Freshwater After three With light
months Without light
Control
Short-neck Aftter three With light
months Without light

YControl : sample measured immediately after irradiation

825 719.9+4.048.1°
¢16,080.6+3.942.5

#44,404.9-26,333.9° "46,758.7 1 20,965.5°
¥32 522.5:£2077.5 742,526,571 5,197.3°

**Means with the same superscripes in each tow are not significantly different among group by Duncan’s multiple range test in cne

way ANOVA (p<0.05).

A-H,

fest in one way ANOVA {p<0.05).

1-Uh 4" Means with the same superscripts in each column are not significantly different among group by Duncan’s multiple range
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diated bloady. This difference observed among the shellfish
seemed to be caused by the differences in mineral composition
and size used for TL. measurement. Glow curve ratios calculated
from first glow curves per irradiation doses (conttrol, 1, 5 and
10 kGy) divided by second glow curves per re-imadiation
doses (1, 5 and 10 kGy) are shown in Table 3. Generally, TL
glow curve ratio from irradiated samples are greater than 0.3,
whereas those from unirradiated samples are below 0.1 (24).
Since glow curve ratios of G3 and G4 calculated from re-
irradiated (1 kGy) bloody, freshwater and short-neck in con-
trol measured immediately after irradiation were 1.0223 and
1.1266, 1.0974 and 1.0960, and Q.5110 and 0.5805, respec-
tively, detection was possible by glow curve ratio G3 and
G4. However, as glow curve ratios after three months were
below 0.5, detection by glow curve ratos after three raomths
was itnpossible. While Gl, which calculated from unirradialed
samples, exhibited below 0.1, they were classified as unirra-
diated.

Maximum TL temperature and shape of glow curve
Maximum TL temperatures of {irst and second glow curves

in the mineral separated {rom irradiated bloody, freshwater,
and shori-neck are shown in Table 4 and 5. Maximum TL
temperanires first glow curves in the mineral separated from
frradiated bloody, freshwater, and short-neck were between
193.7+28~2223164, 1946+£55~218.6:22.1 and 190.5
+0.8~216.474.8°C, respectively, and those of second glow
curves were between 132.871.5~152.0£59, 1220421~
136.5+4.8 and 132.5+2.8~151.1=2.8°C, respeciively. There-
fore, detection of irradiation was possible by comparison of
maximum TL temperatures becanse that of the second glow
curve showed at the lower temperatare than that of first glow
curve. Maxinmum TL teraperatures of all the irradiated samples
were below 230°C, within the 150 ~250°C temperature interval
recommended by DIN EN 1788 (24). If glow curve ratios
between 0.1 and 0.5 ar below 0.1 were obtained, interpretation
of the shape of the glow curves was needed to decide whether
the sample was irradiated or not. Usually, first glow curves
of irradiated foodstuffs exhibit a maximum between 130°C up
o 250°C, whereas low level natural radioactivity causes TL
signals in the deep traps above 300°C (24). The general paltern
of first and second glow curves in imadiated bloody are shown

Table 3. The changes of glow curve ratios of minerals scparated from irradiated shellfish measured immedialely after irradiation (contol)

and after three months in conditions with and without light

Samples Storage conditions

]

Contral’ 3
10

1

With light 5

After three 10
months

Bloody

—_

Without light 5

Control 5

Freshwater With light 5
After threc 10
months 1

Without light 5

Control 3

Shorl-neck With light 5
After three 10
months 1

Withous Tght 5

"Control : sample measured immediately after irradiation

Irradiation
dase (kGy)

Glow cutve ratios

G I G I

G 1? G 2¥ G 3" G 47
G 0220 1.2994 1.0223 1.1266
0.0088 0.1165 0.3979 0.4385
0.0077 0.1015 0.3465 0.3819
0.0497 0.1242 0.2042 0.4061
0.0189 0.0472 0.1119 0.1544
0.0138 0.0346 0.0821 0.1133
0.0507 0.1520 0.4668 0.6331
0.0152 0.0456 0.1400 (.1899
0.0133 0.0399 01225 0.1661
0.0180 0.2905 1.0974 1.0960
0.0061 (.0995 0.3760 0.3755
0.0059 00952 0.3596 0.3591
0.0088 0.0599 0.1423 0.1690
0.0035 0.0241 0.0572 0.0679
0.0036 0.0247 0.0586 0.0696
0.0126 0.0854 0.1890 0.2187
0.0056 0.0392 0.0851 0.0985
0.0055 0.0382 0.0820 0.0960
0.0082 0.2444 0.5110 115805
0.0052 0.1569 03281 0.3727
0.0096 0.0672 0.1363 0.1269
0.0055 0.0389 0.0789 0.0735
0.0035 0.0389 0.0789 0.0735
0.0053 0.0369 0.0749 0.0698
0.0143 0.0085 0.1755 0.2338
0.0070 0.0487 0.0867 0.1156
000354 0.0372 (L0663 0.0884

B3] - first glow curve of unirradiated samplefsecond glow curve of re-jradiated sample at 1, 5 or 10 kGy

G372 ; fisst glow curve of iradiated sampie at 1 kGy/second glow curve of re-iradiated sample at 1, 5 or 10 kGy
G3 . first glow curve of imadiated sample at 3 kGyfsecond glow curve of re-irradiated sample at 1, 5 or 10 kGy
G4 : first glow curve of iradiated sample at 10 kGy/second glow curve of re-irradiated sample at 1, 5 o 10 kGy
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Table 4. Maximum TL Temperatures of first glow curves of minerals separated from irradiated shellfish measured immediately after

irradiation {(control) and after three months in conditions with and without light {Unit : "C)
. Trradiation dose (kGy)

Samples Storage conditions Control® 1 5 10
Conirol” 32002 0.0 1952+1.0 193.7+2.8 193728
Bloody After three With light 320.0+0.0 219555 216.81+3.4 2723+6.4
months Without Light 320.0+ 0.0 219.1+70 214.1+10.9 216.4£0.8
Control 320.0+0.0 196.4+3.4 198.2+7.1 194.6%3.5
Freshwater After (hree With light 320.0+0.0 213.7+3.4 2182432 2155+1.6
months Without Light 320.0+0.0 211.8+13.7 218.6+2.1 215.9:+£2.7
Control 320.0-0.0 196421 190.5+0.8 191.4+2.7
Short-neck After three With light 3200+0.0 212328 214,134 2132+23
months Without light 320.0£0.0 209.618.2 205.9+5.7 2164+48

“Control : sample measured immediately after irradiation

“Control : unirradiated sample means+standard deviation for 3 measurements

Table 5. Maximum TL Temperatures of second glow curves (GII) of minerals separated from frradiated shellfish measured immediately

after imradiation {(control) and after three months in conditions with and without light (Unit * °C)
Samples Storage conditions Irradiation dose (kGy)
1 5 10
Contral" 1484+ 1.6 1403+ 13 149,472,
Bloody With light 1384+ 1.3 136.1% 3.4 1328+15
After three months Without light 150.6+2.7 152.0+ 5.9 146.6 3.6
Control 156548 151.5= 7.5 1552+56
Freshwater With light 1253~ 1.6 121.2=10.3 1229+2.1
After three months Without light 142.9+71 1433 2.1 1447+5.1
Control 151.1+28 145.7+ 0.8 146.53.0
Short-neck With light 1329427 133.9:+ 3.8 1325128
Alfter three montbs Without light 146.1%5.1 1402+ 1.6 1411413

YControl : sample measured immediately after irradiation
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Fig. 2. TL intensity of first and second glow curves of mineral
seperated from irradiated bloody at various doses.

A) Unirradiated sample, B} [ kGy, C) 5 kGy, D) 10 kGy

E) Second glow curve re-irradiated at 1 kGy

in Fig. 2. A mnique first glow curve which showed between
150°C up to 250°C was not found in unirradiated bloody but
in the samples irradiated at 1, 5 and 10 kGy, unique first glow
curve observed. In addition, since the shape of second glow
curve was observed at a lower domain than chat of first glow
curve, detection of irradialed shellfish was possible by shape
of glow curves. These results suggest that determination of

tiradiated shellfish was possible by intensity, glow curve ratio,
maximum TL temperature and shape of glow curve of TL
measured from mineral separated from shellfishes.
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