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Abstract

Green, black and oolong teas were irradiated by 60Co-gamma rays (0~10 kGy) and were investigated for
detection of irradiation treatment using pulsed photostimulated luminescence (PPSL) and thermoluminescence
(TL) during storage. Teas irradiated at 2.5 kGy or more showed a photon count of greater than 5000 counts/60
sec while the non-irradiated yielded only 650 ~ 1000 count/60 sec. Correlation coefficients between irradiation
dose and photon counts/60 sec were 0.8951, 0.7934 and 0.9007 for green, black and oolong teas, respectively.
The TL glow curves for minerals isolated from the non-irradiated teas were situated at about 300°C with
a low intensity, but for irradiated samples were approximately 150°C with a high intensity. The TL ratios
(TL,/TL>), calculated from values after initial radiation and then after re-irradiation of the teas, were below
0.1 for the non-irradiated samples and higher than 1.44 for ail irradiated samples, enhanced the reliability
of the identification results for TL. The signal intensity of PPSL and TL for irradiated teas decreased with
the lapse of post-irradiation storage time at room temperature but was still distinguishable from that of

the non-irradiated samples even after one year.

Key words: teas, irradiation, PSL, TL, storage

INTRODUCTION

Tea is an important trade commodity that is prone to
microbial contamination and pest damage at all stages,
from the production period throughout storage and mar-
keting. The conventional fumigation methods with chem-
icals (ethylene oxide, methyl bromide, phophine, etc.)
have been prohibited or are being increasingly restricted
due to food safety or environmental concerns, neces-
sitating the development of alternative methods of de-
contamination (1). Food irradiation has been widely ac-
cepted and is now legally recognized in many countries
as a reliable and safe method for both preserving and
improving the hygienic quality of foods. A number of
factors have highlighted the need for development of
analytical methods for detecting irradiated foods. Re-
liable detection methods would increase consumer con-
fidence in their ability to make informed decisions about
irradiated foods and promote greater distribution and
international trade in irradiated food by facilitating the
evaluation of compliance with regulations related to use
of irradiation in different countries and increasing public
understanding of irradiated foods (2,3). Detection meth-
ods for irradiated foods may be classified into three basic
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categories as; chemical, physical and biological analysis.
Photostimulated luminescence (PSL) and thermolumine-
scence (TL) are physical methods that have been de-
monstrated to be useful for the identification of irradiated
spices and herbs (3).

PSL and TL are radiation-specific phenomena from
energy stored by trapped charge carriers following irra-
diation (4). Releasing such stored energy by optical or
thermal stimulation can result in a detectable lumine-
scence emission (2). The PSL detection method has been
studied as a screening method using whole samples for
many irradiated foods including brown shrimp, herbs,
spices, seasonings, shellfish (5,6) and white ginseng pow-
der (7). TL has been tested as a detection method for
various foods, such as spices and herbs (8), shellfish (9),
and Korean traditional foods containing salt (10). Results
of the studied revealed that they are appropriate methods
for detecting irradiated foods, from which silicate min-
erals could be isolated (11).

The aim of this study is to determine the applicability
of PSL or TL for identification of irradiated green, black,
and oolong teas and to investigate the stability of PSL
and TL signals during the post-irradiation period.
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MATERIALS AND METHODS

Materials, irradiation and storage

Three kinds of teas, green (Korean), black (Sri Lan-
kan) and oolong (Chinese) were purchased from H. Tea
Co. in Korea and packaged in a commercial PE film prior
to irradiation. Gamma irradiation was carried out in a
%Co irradiator at the Korean Atomic Energy Research
Institute (KAERI]) in Daejon, Korea. The doses ranged
from 0 to 10 kGy for the prepackaged samples; and the
target doses were confirmed by a ceric / cerous dosimeter
(£5.6%).

Photostimulated luminescence analysis (PSL)

A PSL measurement was performed on a SURRC
Pulsed PSL Trradiated Food Screening System (SURRC,
Glasgow, UK). The signal levels were compared for the
two thresholds, a lower threshold (T, 700 counts/60 sec)
and an upper threshold (T2, 5000 counts/60 sec) (12).

Thermoluminescence analysis (TL)

Minerals were separated from the test samples by a
density separation procedure for TL analysis using a TL
reader (Harshaw TLD-4200, Germany) at temperatures
ranging between 5S0~400°C (13). The first glow curve
(TL,) was compared with the second glow curve (TL2)
obtained after re-irradiation at 1 kGy. The ratios of TL,/
TL: were calculated for both irradiated and non-irra-
diated samples to verify the reliability of detection re-
sults. Samples were stored in a dark room for one year.

Statistical analysis

Data was subjected to analysis of variance (ANOVA)
by using SAS software. Differences between groups were
separated by Duncan’s multiple range test (14).

RESULTS AND DISCUSSION

Photostimulated luminescence characteristics
The photon counts from non-irradiated samples were

1001 counts/60 sec for green tea, 786 counts/60 sec for
black tea and 650 counts/60 sec for oolong tea (Table
1). In previous reports on PSL measurements for dif-
ferent foods such as dried spices, condiments and shrimp,
photon counts ranging between 700 counts/60 sec and
1000 counts/60 sec were detected in non-irradiated foods,
while irradiated foods showed a higher photon count
(4000 ~ 5000) (6,13). Chung et al. (15) also found photon
counts for non-irradiated shrimp of more than 700 counts
/60 sec. Radiation-induced PPSL signals increased signi-
ficantly with irradiation doses up to 10 kGy. Based on
these threshold values, PSL measurements were suitable
for green, black and oolong teas in order to detect wheth-
er or not they had been irradiated. These results were
consistent with reports indicating that the accumulated
PSL signals of irradiated Chinese sesame and perilla seeds,
Sudanese seeds (16), Korean sesame and perilla seeds
(17), corn powder (18), starches, cereals and beans (19)
were higher than those of the same food that had not
been irradiated, and the increase was highly correlated
with the irradiation dose. As mentioned above, non-itra-
diated green and black teas yiclded intermediate signals,
requiring other detection method like TL or ESR (elec-
tron spin resonance) for the verification of results (6).
The PSL method, however, is regarded as a simple, yet
effective, screening tool. Yi and Yang (20) suggested
that, if the PPSL response of irradiated materials is
significantly greater than that of non-irradiated materials,
or if the fading of the PPSL response is low during long-
term storage, the PPSL measurement may be suitable
for the detection of food irradiation. Therefore, the decay
rates were observed for the accumulated PPSL signals
in the non-irradiated and irradiated green, black and oo-
long teas during storage. The PPSL signals of all ir-
radiated samples were apparently influenced by the stor-
age period. These results were consistant with the reports

Table 1. Pulsed photostimulated luminescence characteristics of irradiated teas at different doses

Sample S;:rrii)%: Irradiation dose (kGy) Correlation equatzi)on and
(month) 0 25 5 75 10 coefficient

Green 0 10012137 20773+£150" 21293=153% 31257182 36125£195%  Y=8073.2x—2129.8 R’=0.8950
tea 12 1067213 5172+4223% 20097+£2945" 23230+9395™ 2867613012 Y=7327.6x—63344 R?=0.9431
Black 0 7861494  5202+443%  6038:988" 7076+ 194"  7327+196%  Y=1495.6x+799  R’=0.7934
tea 12 3844917 2280+839” 28841470  4064+1349% 483919277  Y=1069.4x-318  R’=0.9668
Oolong 0 650£91% 8353101 10894+113" 13714+125" 15117+130™  Y=3429.5x—5429 R’=0.9007
tea 12 688+494% 378245607  5520%9517  7157+1477  7212+1389Y Y=16423x—55.1  R>-0.9048

YMeans of triplicate +standard deviation. Unit: Counts/60 sec.

P%: Irradiation dose (kGy), Y: Photon count.

**Mean values within a row followed by the same superscript are not significanily different (p<0.05).
*YMean values within a column for each sample followed by the same superscript are not significantly different (p <0.05).
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on Ramen soup powder that PPSL was influenced by light
as well as the storage time (21). The accumulated PPSL
signals of the green, black and oolong teas irradiated
at 10 kGy after 12 months decreased to approximately
20.62, 33.95 and 52.29% of the initial values, respec-
tively. Although the accumulated PPSL signals of all tea
samples decreased during the storage period, there was
still a marked difference in the photon counts between
the irradiated and non-irradiated samples (the irradiated
sample had a higher photon count). These results suggest
that still possible to distinguish irradiated from non-ir-
radiated teas, even after a 12 month-storage period.

Thermoluminescence characteristics

The TL glow curves of minerals isolated from the ir-
radiated and non-irradiated green, black and oolong teas
were recorded within 2 weeks after irradiation. The glow
curves from the irradiated samples peaked at approx-
imately 150°C with high intensity, whereas the non-ir-
radiated samples peaked at temperature above 300°C (Fig.
1). The intensities of the glow curves were significantly
higher in the irradiated than non-irradiated samples (p <
0.05). The European Commiittee for Standardization (CEN)
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has proposed threshold values by employing only the
areas within the recommended temperature interval (150
~250°C) and not the entire integration area of the glow
curve. It has been found that reliability of detection can
be improved by extracting the minerals from samples,
plating them on a stainless steel disc, re-irradiating the
sample, and comparing the TL with a previous TL (TL,
to TLy) (22-24). Therefore, the irradiated and non-irra-
diated samples were gamma-irradiation at 1 kGy and the
TL,; to TL; ratio was calculated. The TL ratio (integrated
TL,/TL,) from the irradiated samples are typically great-
er than 0.5, whereas those from non-irradiated samples
are generally less than 0.1 (Table 2). It is known that
the TL signals are stable and can be analyzed after a
long-term post-irradiation period (25). Therefore, the
storage effects on the TL signals were determined for
each sample. Fig. 2 illustrates the changes in TL intensity
of irradiated green, black and oolong teas at 5 kGy after
12 months of storage at room temperature. Compared
to the TL measurement taken soon after irradiation, the
TL intensity after 12 months decreased in all irradiated
green, black and oolong teas. Nevertheless, the differ-
ence in the TL ratio between the irradiated and non-ir-
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Fig. 1. Glow curves of minerals separated from teas irradiated at different doses (A: Green tea, B: Black tea, C: Oolong

tea).

Table 2. TL ratio of minerals separated from irradiated teas at different doses

R
Stor.age TL ratio Correlation equation and
Sample period fFicient?
(month) 0 kGy 2.5 kGy 5 kGy 7.5 kGy 10 kGy coethicient
Green 0 0010007 266=0.11%  31470.09% 352+0.14™ 3.96%0.19™ Y=0.8746x+0.03465 R?=0.792
tea 12 0.01+0.00" 133+0.10% 14310.03Y 176%0.14” 23010057 Y=0.5030x—0.14340 R?=0.872
Black 0 0.01£001™  144+0.14%  2.04+009™ 4.10=0.16™ 4.78+0.14" Y=12179x—1.17900 R?=0.973
tea 12 001000 1.08+0.12¥ 127+0.08Y 204+0.04” 234+0.137 Y=0.5537x—0.30360 R?-0.952
Oolong 0 0.06 +0.04%  1.81+0.06% 1991+0.13™ 302+0.06™ 3.171£0.03" Y=0.7425x—0.21890 R’-0.889
tea 12 0.01+0.00™ 125+0.16”  1.63+004Y 201+008” 291%0.14% Y=0.6575x—0.14410 R?-0.948

“Integrated TLy/TL,.
x: Irradiation dose (kGy), Y: TL ratio.
“Mean of triplicates.

**Mean values within a row followed by the same superscript are not significantly different (p<0.05).
**Mean values within a column for each sample followed by the same superscript are not significantly different (p<0.05).
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Fig. 2. Stability of TL glow curves for 5 kGy gamma-irradiated teas after a 12 month storage period at room temper-

ature (A: Green tea, B: Black tea, C: Oolong tea).

radiated teas was sufficient to discriminate between them,
even after 12 months of storage at room temperature (26-
28).

It can be concluded that the irradiation treatment of
dried teas, such as green, black and oolong teas can be
identified with PSL or TL methods. PSL has been proven
to be useful as a screening method, when a large number
of samples need to be identified. To receive verifiable
proof of irradiation, however, TL is recommended as a
means of verification. Despite the fading of PSL and
TL signals over time it is still possible to distinguish
between irradiated and non-irradiated teas, even after one
year of storage.
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