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Spices are food additives that are used in many different areas of food technology. Most of the
spices contain essential oils sensitive to thermal degradation processes. Therefore, an alternate method of
decontamination, other than thermal, should be used so that the microbial safety of the spices is ensured.
This study was focused on the evaluation of the effect of ionizing radiation, known as radurization, on
microbiological safety in samples of red pepper, black pepper, and stinging nettle, from North Macedo-
nia. Samples were irradiated by %°Co y-rays. The possibility for development of a novel, shortened micro-
biological method was investigated. The conventional agar plate method was used, as a standard microbi-
ological method, in order to evaluate the effect of irradiation on the microbiological safety of the food.
The red pepper and the stinging nettle did not show any microbial growth when inoculated on both
growth media, after being irradiated. Additionally, the photostimulated luminescence and thermolumines-
cence method were used as physical methods. By comparing the two glow curves for the glow ratio, the
obtained values are greater than 0.1, which confirms that the samples have been irradiated.

Keywords: microorganisms; decontamination; irradiation; food; spices; thermoluminescence;
photostimulated luminescence

PA3BOJ HA HOB MUKPOBHUOJIOINKA METO/I 3A JETEKIIMJA HA 3AYUHU
O3PAYEHHU CO T'TAMA UPAJUALINJA

3ayMHKUTE Ce aANTHBHU 32 XpaHa IITO ce KOPHCTaT BO MHOTY pa3IMiyHU 00JacTH Ha NMpexpaHOeHaTa
TexHooruja. [loBekeTo 3a4MHM COAp)KaT €TePUYHM Macja YyBCTBUTEIHM Ha NPOLECH HAa TepMHUKa
Jerpasianmja. 3aToa Tpebda 1a ce KOPUCTH ANTEPHATUBEH HETEPMHUKHM METOJ 3a JEKOHTaMHHalWja, 3a Ja
ce 00e36eqn MukpoOHa 6e30emHOCT Ha 3aunHUTE. OBa HCTpakyBame € (POKyCHPaHO Ha eBalyaluja Ha
BIMjaHUETO Ha JOHU3MPAUYKOTO 3payeme, II03HATO Kako pajypu3alyuja, Bp3 MHKpOOHOJIOIIKAaTa
0e30eHOCT Ha TPUMEPOLMTE OJ LpPBEH nwuIep, HpH nwuiep U kompuBa oj CeepHa MakeoHHja.
[pumeponnte ce o3padenn co °°Co y-3parm. McTpakeHa € MOKHOCTa 3a PasBoj Ha HOB, CKPAaTEH
MUKpPOOHOJIONIKK MeTo/l. KOHBEHIIMOHATIHUOT MeTO] (METOJ| Ha arapu3upaHd MOJIOTH) Ce KOPHCTELlIe
Kako CTaHJap/leH MHUKPOOMOJIOIIKM METOA, CO Ied Ja ce OLEeHM e(eKToT Ha 3pademe Bp3
MHUKpoOHoJonikara 6e30eJHoCcT Ha XpaHara. L[pBeHHOT nunep u KonpuBaTta He NOKakaa MMUKpPOOEH pacr,
Kora 6ea MHOKYJIMpaHH Ha J[BaTa MEJMYMH 3a PacT, OTKako Oea o3paueHu. J[OMOIHUTETHO, METOANTE HA
¢doTocTUMyIMpaHa JYMHHHCHIEHIMja W TEPMOJYMHHHCIEHIIMjA CE€ KOpPHCTea Kako (U3MYKH METOJH.
JloOueHnTe pe3ynraTH, COOAHOC Ha CjajHOCT (Ha KpHBHTE 3a cjajHoct) morosneMm ox 0,1, moTBpaysaat
JieKa TIPUMEPOLIUTE CE O3pAUuCHU.
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1. INTRODUCTION

Food irradiation is a clean technology for
non-thermal preservation of different kinds of food
products. It is considered a "clean" technology,
because after the processing no chemical residue is
present in the food product. As a relatively new
food safety technology, it enables elimination of
both vegetative cells and spores of the spoilage,
and pathogenic microorganisms. It guaranties a
long product shelf life and microbial safety, there-
by enabling less food loss [1]. Thus, it is a very
environmentally friendly technology, compatible
with the circular economy and the sustainable
global development. According to the report of the
EU project for reduction of food waste, around 88
million tonnes of food are wasted annually in the
EU, with associated costs estimated at 143 billion
euros [2]. Gamma irradiation is a technique that is
most frequently used for radurization (cold pas-
teurization) and sterilization of food [3, 4]. Low,
medium and high doses of gamma irradiation are
used for different purposes during the food treat-
ment processes. Thus, low doses (up to 1 kGy) are
used for inhibition of sprouting, insect disinfesta-
tions, and parasite disinfection. Medium doses (1-5
kGy) are used for extension of shelf life, elimination
of spoilage, and pathogenic microorganisms, while
high doses (10 kGy) are used for industrial steriliza-
tion and decontamination of certain food additives
[5]. In the reported review article [5], it has been
concluded that the effectiveness of food irradiation,
as a conservation process, is based mainly on the
effective disruption of DNA molecules in the nuclei
of cells, rendering them inactive.

An especially broad application of the irra-
diation processing might be expected when an ad-
ditional treatment is needed for the minimally pro-
cessed fruits and vegetables. Thus, Aradjo et al. [6]
used gamma irradiation to enable microbiological
safety of minimally processed vegetables.

The actual dose employed is a balance be-
tween that which is needed and that which can be
tolerated by the product, without objectionable
changes (e.g. off-flavors, texture changes, flavor al-
terations). The most common irradiated commercial
products are spices, fruits, and vegetables. Some of
the frequently reported irradiated fruits are dates [7,
8], chestnuts [9], mushrooms [4], and others. Spices
are certainly the most frequently reported irradiated
products [5, 10]. Although the microbial content of
spices varies greatly, in general, black pepper, tur-

meric, paprika, chili, and thyme are the most contam-
inated spices of all [11]. With today’s demand for
high-quality convenience foods, irradiation as a no
thermal treatment which does not affect the fresh
state holds promise (in combination with other tech-
niques) for enhancing the safety of many minimally
processed, extended shelf-life chilled products [12].

The FDA has evaluated the safety of irradi-
ated food for more than 30 years and has found the
process to be safe [13]. The World Health Organi-
zation reviewed 500 studies and concluded that
food irradiation produces no toxicological, microbi-
ological, or nutritional harm to the consumers [14].
Despite these international reviews, a fruitful topic
for critics has been the identification of specific
products of irradiation (radiolytic products) [15].
The most frequently detected of these radiolytic
products were 2-alkylcyclobutanones [16] because
they could be unique to radiation as opposed to any
other food preservation process, but more detailed
studies were eventually conducted and reviewed and
cyclobutanones are not considered a toxicological
hazard by food safety authorities [17].

Detection methods for irradiated food, ac-
cording to the changes they detect, are classified in
three main groups: biological, chemical, and phys-
ical methods [6, 18, 19].

One of the biological methods used for eval-
uation of the irradiation effect is the microbiologi-
cal testing method. This method has been applied
as a standard procedure for microbiological testing
of the irradiated vegetables together with the direct
epifluorescent filter technique [6].

One simple physical method for detection of
irradiated food is optically stimulated lumines-
cence or photostimulated luminescence (PSL).
This method gives reliable results for foodstuffs
that contain sufficient amount of minerals. Irradi-
ated samples produce a specific signal which is
detected and quantified. Registered signal level is
compared with two reference threshold values.
Most irradiated samples produce signals above the
high threshold, and most unirradiated samples pro-
duce signals below the low threshold. Intermediate
signal levels between the two thresholds suggest
that further tests should be made. This method has
been used for the detection of irradiation of spices
[20], cereals [21], anchovy and shrimps [18].
When minerals are exposed to ionizing radiation,
they accumulate energy by which some electrons
move to excited energy states. When returning to
ground state, some of them remain trapped in the
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crystal lattice. When exposed to light or heat,
trapped electrons are released and recombination
with holes occurs, resulting in the emission of pho-
tons, thus a luminescent signal is obtained [19].

2. EXPERIMENTAL SECTION
2.1. Spice samples

Red pepper, black pepper and stinging nettle
were all a gift from the food processing factory
"Vitaminka" from Prilep (North Macedonia). All
three spices were gamma irradiated. Red pepper
was in the form of powder, while the nettle and
black paper were in the form of grains.

2.2. Irradiation of the samples

The facility used for irradiation is equipped
with cobalt-60 gamma irradiator. It is located at the
Vinca Institute for Nuclear Sciences (Serbia). All
the three samples were irradiated with an average

dose of 7 kGy, with the speed of 9.1 kGy/h, for a
duration of 46 min.

2.3. Determination of the total cell count

Cell enumeration of the spice samples was
performed by standard plate counts and calculated
as the number of colony forming units on a gram
sample, i.e. the colonies formed from one cell only
in order to obtain a pure microbial strain. 25 g of
sample was diluted in 225 ml of water and homog-
enized (Fig. 1). 1 ml of this solution was inoculat-
ed on a Petri dish containing 10 ml Sabouraud 2 %
glucose agar (for enumeration of yeasts and molds)
or nutritive agar (for enumeration of bacteria), both
supplied from Merck, Germany (Fig. 2). All the
three spices were incubated on both types of agar.
The media were sterilized at 121 °C for 35 min.
The agar plates were incubated at 30 °C for 5 days.
All examined samples were diluted 10° times. All
analyses were performed in triplicate.

Fig. 1. Extraction of the sample material to be prepared for incubation and enumeration of microbial cells

2.4. Modified method of agar plate count

A modified method for enumeration of the
total number of microorganisms isolated from the
different spices was developed by using micro
quantities of samples, but by having final compa-

i e

rable dilution coefficients. Thus, the quantities tak-
en for analysis are measured in 5 pl quantities. The
Petri dish was separated into 4 equal sections, and
samples having different dilutions were inoculated
on each.

Fig. 2. Preparation of the nutritive agar (left) and Sabouraud 2 % glucose agar (right)
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2.5. Optically stimulated luminescence
and thermoluminescence methods

The confirmation of the effect of irradiation
was performed by using one additional method that
is a physical method. Both optically stimulated and
thermoluminescence methods were used in order to
check if the spices were really irradiated.

Thermoluminescence analysis was done
twice for each sample. The first measurement was
performed after isolation of silicate minerals. Dur-
ing measurement, the first glow curve is recorded,
giving the variation of TL intensity with tempera-
ture. The second measurement was done after ex-
posing the sample to a certain dose of ionizing ra-
diation and detecting the signal for the second
time, thus obtaining the second glow curve.

TL glow ratio is defined as the ratio of inte-
grated TL intensities of glow 1 to glow 2, evaluat-
ed over a stated temperature interval. Identification
of samples as irradiated or unirradiated was done
according to evaluation of the glow curves by ex-
amining the temperature interval of 150 °C — 250
°C. When minerals are exposed to ionizing radia-
tion, they accumulate energy by which some elec-
trons move to excited energy states. When return-
ing to the ground state, some of them remain
trapped in the crystal lattice. When exposed to

light or heat, trapped electrons are released and
recombination with holes occurs, resulting in the
emission of photons, such that a luminescent signal
is obtained.

3. RESULTS AND DISCUSSION

3.1. Determination of the total cell count
by utilization of conventional agar plate method

In order to evaluate the effectiveness of the
irradiation as a food preservation technique, the
microbiological method (agar plate total cell count)
was developed for both bacterial and fungi/yeasts
total cell count. The appearance of the plates (with
nutritive broth agar) incubated by samples from the
unirradiated stinging nettle, diluted from 102 to 10°
times, is presented in Figure 3, while the appear-
ance of the plates (having Sabouraud agar broth)
incubated by unirradiated red pepper, with the
same dilutions from 102 to 10° times, is presented
in Figure 4.

As can be seen from the figures presented,
the number of the colony forming units decreases
by the increase of the factor of dilution, as was ex-
pected in both cases (unirradiated stinging nettle
and unirradiated red pepper).

Fig. 3. Agar plate method for microbiological testing: total cell count from the stinging nettle.
The dilution factor is increasing towards the right.

Fig.4. Agar plates with isolated fungi from red pepper samples
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Since the nutritive broth and the Sabouraud
glucose broth are selective, it can be suggested that
only bacteria were isolated in the first case, and only
yeasts and fungi in the second. The results from the
colony enumeration of all the three plant samples,
both unirradiated and irradiated, on the two different
inoculation media used, are presented in Table 1.

From the results presented in the Table 1, one
can see that the black pepper did not show any degree
of contamination estimated in both irradiated and
unirradiated samples. This result can be explained by
two possible reasons: 1. it was irradiated previously
or 2. it is very rich with essential oils, and that might
be the reason that this spice did not show any micro-
bial contamination since the essential oils are known
for their strong antimicrobial activity. It contains the
essential oils with strong antimicrobial properties.
Interestingly, both the red pepper and the stinging
nettle did not show any microbial growth when inoc-

Table 1

ulated on both growth media, after being irradiated.
Unlike these cases, unirradiated red pepper showed 2
x 10%+ 1 x 10%and 3 x 10?+ 1 x 102 cfu/g bacteria
and fungifyeast, respectively. The stinging nettle, on
the other hand, did not show any fungal/yeast con-
tamination, while it showed 6.5 x 10+ 1 x 10* cfu/g
bacterial contamination.

The Erlenmeyer flasks were stored in a refrig-
erator for two weeks. Samples were obtained from
unirradiated red pepper (top) and irradiated pepper
(bottom) after two weeks of extraction at 4 °C. The
results showed that the unirradiated red pepper be-
came subjected to much greater contamination, while
the irradiated red pepper wasn't contaminated even
after two weeks of storage. Figure 5 shows the bacte-
rial growth of the samples incubated on nutritive agar
plates, while Figure 6 shows fungal growth of the
samples incubated on Sabouraud agar plates.

Cell enumeration in the samples of stinging nettle, red pepper, and black pepper

Total cell count of bacteria

Type of sample

Total cell count of fungi and yeasts

(cfulg) (cfulg)
Red pepper unirradiated 2x108+1x10° 3x102+1x10?
Red pepper irradiated / /
Black pepper unirradiated / /
Black pepper irradiated / /
Stinging nettle unirradiated 6.5 x 10* + 1x10* /
Stinging nettle irradiated / /

Fig. 5. Bacterial growth of the samples incubated on a nutritive agar plates. Unirradiated red pepper (top)
and irradiated pepper (bottom) after two weeks extraction at the temperature of 4°C.

Fig. 6. Fungal growth of the samples incubated on a Sabouraud agar plates. Unirradiated red pepper (top)
and irradiated pepper (bottom) after two weeks extraction at the temperature of 4 °C.
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3.2. The modified microbiological method

The utilization of the modified microbiolog-
ical method resulted in establishing a much short-
ened procedure for microbiological testing of the
total cell count of the spices (Figure 7), but with
less punctuality, and less bacterial strains were iso-
lated. However, this method is not as precise as the
first one. Due to the use of the smaller sample
amounts, it certainly resulted in larger errors while
determining the total number of microorganisms.

Fig. 7. The segmentation of the plate on four different parts
having 4 different dilution factors

3.3. The preliminary identification of the isolated
microorganisms

The microorganisms grown on agar plates
from the spice samples examined were preliminary
identified. The agar plate containing nutritive broth
with grown bacterial consortia isolated from sting-
ing nettle is shown in the Figure 8 (left), while the

fungi grown from the sample of red pepper are
shown in the Figure 9 (left). It is obvious that dif-
ferent species of bacteria isolated from the stinging
nettle can be identified, while at least two different
fungi isolated from the red pepper can be discrimi-
nated. The microscopic appearance of the one bac-
terial strain isolated from the stinging nettle is pre-
sented in the Figure 8 (right), and one fungal strain
isolated from red pepper is presented in the Figure
9 (right). As can be seen, bacteria from the Bacil-
lus strain can be recognized from stinging nettle
(Fig. 8, right), while the conidial structure can be
recognized in the Figure 9 right (microscopic view
of the red pepper, probably Aspergillus). Thus, the
three microbial strains preliminarily assumed to be
present in the samples are: Bacillus subtilis (sting-
ing nettle), Aspergillus niger and Aspergillus fla-
vus (red pepper).

Spices are used in very small quantities, but
can easily be contaminated by mesophylic, sporo-
genic, and asporogenic bacteria. Microorganisms
of public health significance such as Salmonella,
Escherichia coli, Clostridium perfringens, Bacillus
cereus, and toxigenic moulds can also be present
[5]. Many commercial food processors fumigate
spices with methyl bromide to eliminate insects or
with ethylene oxide to eliminate bacteria and
moulds. However, it has been found that both me-
thyl bromide and ethylene oxide are extremely tox-
ic compounds. The thermal processing, such as
pasteurization and sterilization, are also inadequate
since they cause the loss of thermolabile aromatic
volatiles and/or additional thermally induced
changes (e.g., thermal decomposition or production
of thermally induced radicals). Thus, the gamma
irradiation is a suitable cold sterilization process
for these kinds of food additives.

Fig. 8. The bacteria consortium grown from the sample of unirradiated stinging nettle (left)
and microscopic view of Bacillus bacterial strain (right)
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Fig. 9. Fungi grown from a sample of unirradiated red pepper (left)
and microscopic view of fungal conidia from Aspergillus niger (right)

Samples were tested by the photostimulated
luminescence method, giving luminescence signals
above the high threshold. In order to confirm the
photostimulated luminescence results, samples
were also tested by the thermoluminescence meth-
od. This gives very punctual results and can con-
firm if the samples tested were really irradiated or
not. Unfortunately, not enough minerals from the
black pepper could be detected, thus the results
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obtained only refer to the red pepper and the sting-
ing nettle. The first glow curves exhibit a maxi-
mum in the temperature interval of 150 °C — 250 °C,
which is an indication of the irradiation treatment. By
comparing the two glow curves, the obtained glow
ratio values are greater than 0.1, which confirms that
the samples have been irradiated. Figure 10 shows
the glow ratio for red pepper, while Figure 11 shows
the glow ratio for the stinging nettle.
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In summary, the glow ratio is 2.38 for the
red pepper, while the glow ratio for stinging nettle
is 2.14. The terminal count is 94514 + 310 (POSI-
TIVE) for the red pepper, while the terminal count
is 65894 + 260 (POSITIVE) for the stinging nettle.

4. CONCLUSIONS

The above results show that the gamma irra-
diation method for cold sterilization of spices is very
successful. The microbiological testing method
would be an easy to use technigue as a biological
method for detection and for indicating the microbi-
al quality of spices. The microbiological method can
be used in a combination with physical methods in
order to confirm if the material was previously
treated with ionizing radiation or not. The methods
like optically stimulated and thermoluminescence
have been used and appear to be very accurate. This
is a first step in establishing an accurate method for
detecting whether the food that we import has been
previously ionized or not and is a first step in devel-
opment of a laboratory for analysis of the irradiated
food in the Republic of North Macedonia.
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