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Abstract

Use of ionising radiation for commercial sterilisation to increase the hygienic quality of spices
is increasing worldwide. Among several detection methods, Electron Spin Resonance (ESR)
spectroscopy is one of the reliable techniques for irradiated foods containing some hard and
dried parts. Spices are therefore candidates of such a method and radiation treated spices can be
detected. The purpose of the present work was to identify the radiation treatment of spices like
cinnamon, cardamom, ginger and rosemary using the sensitive technique of ESR spectroscopy.
The spice samples were irradiated to 5, 10, 15 and 20 kilogray (kGy) or unirradiated and the
samples were dried in vacuum oven and were placed into quartz tubes for ESR measurement.
On measurements, the unirradiated samples were found to show the ESR-signal at g-value of
2.004 that is typical in case of plant foods containing cellulose. Whereas, the irradiated samples
showed a formation of a new paramagnetic structure that appeared in the form of a triplet-signal,
attributed to radiation-induced cellulose radical. The clear difference between the nature of ESR
signals in case of unirradiated and irradiated samples provided the evidence of the radiation
treatment of spices samples. It is therefore concluded that radiation treatment of spices can be
identified using sensitive ESR spectroscopy during a storage period of three to ten months.
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Introduction trade. Spices are generally considered an

expensive food ingredient. Pakistan is among
Spices are widely used ingredients in a number  the countries, like Brazil, China, India, Tanzania
of food preparations in various countries of the ;4 Spain, which are the largest exporters of

world (Thanushree et al. 2019) The use of spices spices (Akhtar et al. 2020; Zachariah 2020).
in food industry has tended to increase for the

production of "convenience foods"; hence these
are important commodities in international

Spices, therefore, represent an important share
in the national economy of Pakistan.
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Many spices are grown in developing countries
and usually the hygienic quality cannot be
maintained due to lack of proper handling
from harvest to the country of export. Spices,
like other agricultural commodities, generally
contain microbial populations in the range of
10*-10° colony-forming units per gram (CFU g)
(Minarovicova et al. 2018). Moulds are present
as dominant micro flora along with pathogenic
bacteria in spices. A relatively high incidence
of Clostridium perfringenes and a wide variety
of non-spore forming bacteria like coliforms
are frequent (Aguilera et al. 2005). Similarly,
mould flora like Aspergillus glaucus group,
Aspergillus niger and Penicillum spp. are usually
more prevalent (Sucheta, Chaturvedi & Yadav
2019). The pathogen-contaminated spices have
been identified as one of the major causes of
foodborne diseases (Van Doren et al. 2013).

There are several decontamination methods
in use but processing of foods with ionising
radiation is the most versatile treatment. It is safe,
efficacious, environment friendly and energy
efficient. This process can eliminate potentially
pathogenic non-spore forming bacteria from
suspected food products without affecting the
quality of food. Radiation decontamination of
spices and many other dry food ingredients is
a viable alternative to less effective processes
and has a great application potential both
in developing and industrialized countries
(Chmielewski & Migdat 2005; Molnar et al. 2018).

OrganizationssuchasWorld HealthOrganisation
(WHO), International Atomic Energy Agency
(IAEA), National Food Processors Association
(NFPA), Food and Drug Administration (FDA)
of USA and several university-based food
research institutes have endorsed irradiation
as a technique to preserve food from microbial
spoilage and to maintain the microbiological
safety (Ananthi et al. 2019; Khatun ef al. 2021).
A number of benefits are associated with the
use of this technology and different dose limits
for achieving different kinds of benefits, like
enhancing hygiene quality of food, spoilage
reduction and shelf-life extension have been
proposed and recommended (World Health
Organization 1995).
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Food irradiation technology is now accepted
and has been regulated in a number of countries
throughout the world (Farkas & Mohdcsi-Farkas
2011). The detection of radiation treatment of
spices is essential for administrative control, for
assisting international trade and for reinforcing
buyer confidence on radiation treatment.
Therefore, the detection of irradiated food
is of great significance to implement quality
compliance at all levels. Because of importance
of detection of irradiated foods, several countries
as well as international organizations, such as
European Committee for Standardisation (CEN)
have recommended a number of analytical
methods for identification of irradiated foods
(Stefanova, Vasilev & Spassov 2010). These
include Electron Spin Resonance (ESR), also
called as Electron Paramagnetic Resonance
(EPR) spectroscopy of foods containing bones,
cellulose or sugar, DNA comet assay of food
containing DNA-material, thermo-luminescence
of foods contaminated with silicate minerals
or gas-chromatographic analysis of foods
containing lipid-derived radiolytic products
(Delincée 2002; Aoudé-Werner et al. 2020).

Detection of irradiated foods using different
methods is being continuously investigated. An
appropriate detection technique should analyse
the specific radiation impact, which is relative
to the dosage and should not be influenced by
processing factors and storage conditions. In the
past, ESR has been proposed as a method for
identification of several irradiated food items
including spices (Aleksieva & Yordanov 2018).
In the present study, ESR spectroscopy for the
detection of irradiated spices was tested.

The prime objective of present work is to
investigate the presence of the radiation-
induced free radicals in irradiated spices such
as cinnamon, cardamom, rosemary and whole
ginger by ESR spectroscopy. This will assist
food professionals in the routine screening of
unirradiated and irradiated samples as well as to
investigate the stability of ESR signals at different
intervals of time during post-irradiation storage
of these spices.
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Materials and Methods

Irradiation apparatus and irradiation of spice
samples

The spice samples were purchased from the
local market in Karlsruhe, Germany and were
stored at room temperature. Small amounts of
different spices (approx. 100 g) were packed
into little polyethylene bags for the purpose of
irradiation.

The samples were treated with ionizing
radiation using a 10 mega electron-volt (MeV)
electron beam (Circe III linear accelerator,
Thomson-CSF Linac, St. Aubin, France) having
a dose rate of 10® Gy/s (in pulse). Radiochromic
films, GAF DM-1260 (International Speciality
Products, Wayne, USA) (Li et al. 2000) were
used for the measurement of the radiation
doses by evaluating them at 405 nm for
change in optical density with the help of a
filter photometer (Ciba Corning Halstead,
Essex, UK). The radiation doses applied to
the spice samples were as per the guidelines
of International Consultative Group on Food
Irradiation. For each of the spice under study
four doses of radiation (5, 10, 15, and 20 kGy)
were used, beside the control (unirradiated)
samples. After irradiation, the small packages
of samples were stored at room temperature
until EPR measurements.

Sample preparations for ESR analysis

Both the controlled and treated samples of
cinnamon, cardamom, rosemary and ginger
were prepared according to the protocol of
European Committee for Standardisation
(CEN) for cellulose containing foods (EN1787
2000). The sample materials of all spices were
dried in vacuum oven at 40°C for 3 h. About
200 mg was taken from each spice sample in
EPR quartz tubes (length; 150 mm, internal
diameter; 4 mm and wall-thickness; 0.1 mm)
for placing them to microwave cavity of the
instrument for recording the spectra.
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ESR spectrometer and spectrometric settings for
ESR analysis

The measurements of the ESR — spectra were
made using Bruker EMS 104 EPR Analyzer
fitted with a double rectangular cavity. In order
to ensure the reproducibility and stability of
measurements, the instrument calibration was
carried out daily before each measurement.
This was achieved for checking the response
and setting of EPR spectrometer by means of
solid 1, 1-diphenyl-2-picrylhydrazyl (DPPH), a
strong pitched standard (Bruker). For ensuring
the accurate and reproducible position of the
samplein the cavity of instrument, a positioning
template was used for each sample present in
the ESR quartz tubes and desired height was
adjusted through parameter settings of the
instrument.

As the samples of the spices wunder
consideration  contained  cellulose, the
spectrometric settings were in accordance
with protocol of CEN specified for the food
containing cellulosic material (EN1787 2000).
Therefore, the operating conditions used in
this study were: microwave frequency of 9.8
GHz and microwave power of 0.8 mW; centre
field of 348 mT (3480 Gauss) and sweep width
of 20 mT (200 Gauss); modulation frequency of
50 kHz and modulation amplitude of 0.8 mT
(8 Gauss) with time constant (filter t.c) of 40.96
ms and sweep time 42 s sweep’; 10 sweeps
spectrum™; receiver gain between 45-50 dB;
spectral record taken at room temperature.

Results and Discussion

After the measurements, the recorded
ESR spectra of unirradiated and irradiated
cinnamon samples are as shown in Fig. 1, while
for cardamom and ginger samples, the spectra
are shown in Fig. 2 and 3. The comparison of
intensities of ESR triplet signals regarding
post-irradiation stability for the spices like
cinnamon and rosemary is shown in Fig. 4.
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Fig.1  ESR spectra of cinnamon after storage of 90 days at room temperature; unirradiated sample (top),
sample irradiated to 5 kGy (middle), samples irradiated to 20 kGy (bottom).
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Assessment of the EPR signals

A single central signal with g-value of 2.004
was observed in the spectra, which is typical
to food samples containing cellulose both in
case of unirradiated and irradiated samples
(Fig. 1-3; spectra at top in each case). The
intensity of this signal was observed to be high
in irradiated samples. The irradiated samples
were observed to have a pair of satellite lines
one to the left (lower field) and the other to the
right (higher field) of the central signal. This
pair of lines along with central signal gave rise
to the triplet signal (a central signal with two
satellite lines on both sides) and this attributes
to the radiation-induced cellulose radical. This
signal is considered to be radiation-specific
and is a marker of radiation treatment (Ahn
et al. 2013). A spacing of 6 mT (60 Gauss) has
been noted between the right and left signal.
As formation of cellulose radical considered
being formed due to the radiation treatment,
the presence of such satellite lines (pair of lines)
on either side of the central signal provided
the evidence for radiation treatment of the
spice samples, which already contained the
crystalline cellulosic material (Fig. 1-3; spectra
in middle and at bottom). The radiation-
induced side peaks were found to be consistent
with reported studies on irradiation of different
food additives (Chiappinelli et al. 2019).

Stability of EPR signals for irradiation detection

All the samples of irradiated spices showed
the triplet signal (one central and two lines on
either side) due to radiation-induced cellulose
radicals. The stability and intensities of these
radicals have been shown to be dependent upon
the nature of the material (here spices) as well as
on the environmental influences (Karakirova &
Yordanov 2020). The post-irradiation stability
of radiation-specific signals or at least the
presence of the triplet-signal in analysis seems
to be important for administrative control of the
radiation processing. However, during some
studies on spices like coriander (Sezer, Kaplan
& Sayin 2017), clove (Gaspar et al. 2019) curry
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leaf, allspice (El-Sayed & Youssef 2019), paprika
(Molnar et al. 2018) and peppers, the radiation-
induced cellulose radical could be detected at
least several weeks after treatment and thus
provided the evidence for identification of
radiation treatment.

In the present study, the samples of the spices
from cinnamon, cardamom, rosemary and
ginger have shown clear triplet signals for
different applied doses of radiation in the range
of 5-20 kGy. These spices have been shown to
be promising candidates of the detection of
radiation treatment

Fig. 1 Shows three spectra of cinnamon;
spectrum related to unirradiated sample
(at top), sample related to radiation dose
of 5 kGy (in middle) and sample related to
dose of 20 kGy (at bottom). The unirradiated
and irradiated samples could nicely be
distinguished in order to screen out treated and
un-treated samples. Different radiation doses,
which were delivered to the samples of spices,
could be differentiated based on intensities
of radiation-specific triplet signals. It was
noted that even after the passage of about 10
months, the signals could be recorded. Hence,
for the long period of 10 months or more,
detection of radiation treatment of cinnamon
was practically possible using the sensitive
technique of ESR spectroscopy.

Fig.2 shows the spectra of cardamom; spectrum
related to unirradiated sample (at top), sample
related to radiation dose of 5 kGy (in middle)
and sample related to dose of 20 kGy (at
bottom). From the examination of spectra,
qualitative differentiations between irradiated
and unirradiated samples are achieved. The
investigations showed the presence of distinct
triplet signal in case of the samples irradiated
to 20 kGy even after post-irradiation storage
of 10 months. This signal was of sufficiently
higher in intensity as compared to some other
spices and seems to be dependent upon pre-
irradiation conditions of the sample under
study.



112

Fig. 2
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ESR spectra of cardamom during post-irradiation storage at room temperature; unirradiated
sample (top), sample irradiated to 5 kGy (middle), samples irradiated to 20 kGy (bottom).
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Fig. 3 shows the spectra of ginger; spectrum
(at top) related to unirradiated sample and
spectrum (at bottom) related to radiation dose
of 20 kGy. In case of ginger, the radiation
doses of 5 and 10 kGy could not be detected
and radiation dose of other than 20 kGy could
not be detected after a post-irradiation period
of about three months. This study was able to
show the possibility of discrimination between
unirradiated and irradiated samples of 20 kGy
up to storage period of 3 months. In the figure,
the spectrum at the bottom (20 kGy) is labelled
showing radiation-induced triplet signal and
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pair of lines on either side of central signal.

Fig. 4 shows plot of post-irradiation storage
period versus ESR signal intensity. This
indicates a comparison between post-
irradiation stability of signals from the
samples of cinnamon and rosemary. The ESR
measurements were recorded at intervals of
15, 100 and 300 days. The signal intensities
in case of cinnamon were found to be greater
than rosemary at all intervals. Up to 300 days
(10 months), reasonable amount of radiation-
induced cellulose radicals with easily registered
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Fig.3

ESR spectra of whole ginger after storage of 90 days at room temperature; a: (top) Unirradiated

sample, b: (bottom) sample irradiated to 20 kGy.
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Fig.4  Comparison between irradiated (20 kGy)

cinnamon and rosemary regarding post-
irradiation stability of ESR signals up to
storage of 10 months.

signal intensities was identified in both cases
ie, cinnamon and rosemary. If this trend
is extrapolated to more storage time under
similar conditions, it is expected that detection
of radiation treatment of both spices would be
possible up to 11 months or more.

Spices, like coriander, juniper, cumin, black
pepper, chilli, lovage and marjoram have
shown intense ESR signals, and the signals
remained relatively stable up to three months
after irradiation (Oliveira, Cruz-Tirado &
Barbin 2019). Similarly, referring to a past
study regarding ginger, the absence of cellulose
radicals in ESR signal in case of low doses of
radiations seems to be due to relatively higher
moisture contents in ginger, because it was
reported that moisture could decrease the
intensity of the signal by a factor of about 10
(Stachowicz, Burlinska & Michalik 1998).

In some studies on paprika, white peppers
(Ha, Li & Wang 2011), nutmeg (Calucci et al.
2003) and ginger (Choi et al. 2004), the EPR
spectroscopy was not found to be ideal, since
the free radicals formed were short lived and
could not be distinguished from intrinsic free
radicals already present in the controlled
samples. However, our investigations on
ginger samples showed a different trend
and it was noted that samples irradiated
to higher doses (20 kGy or above) could be
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differentiated from the unirradiated samples
even after three months of post-irradiation
storage of samples. Hence, it is concluded
that ESR might be a potential technique for
qualitative identification of irradiated spice
samples, and for evaluation of the indigenous
doses in the spice samples. ESR can also be
applied to evaluate the radio-stability of food
components including preservatives (e.g.,
butylated hydroxytoluene) and vitamins (e.g.,
biotin, riboflavin, thiamine hydrochloride,
thiamine mononitrate, pyridoxine, and folic
acid)(Yu & Cheng 2008).

The samples of cinnamon, cardamom and
rosemary irradiated in the range of 5-20 kGy
could be discriminated from the unirradiated
samples up to a storage period of about 10
months (or more). Hence, identification of
radiation treatment of these spices is possible
for a reasonable storage period in the context
of trade and commercialization. However, the
whole ginger samples, irradiated to 20 kGy
could only be differentiated from unirradiated
samples. The ESR triplet signals from samples
of ginger, which were irradiated at 5, 10, and
15 kGy, could not be detected. Keeping in
view the results obtained, ESR spectroscopy
can be recommended for effective detection of
irradiation over a considerable period of storage
of spices. The potential areas for future research
and development include the assessment of
high-dose irradiation impact on food quality
and the use of integrated processes such as
combination of irradiation and other techniques.
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