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ABSTRACT
Microbial number reduction in spices through various treatments represents a necessity considering possible changes
which may occur during spices’ storage and application in food resulting in public health risk. The present study was
conducted in order to examine the effects of sterilisation and microwave irradiation treatments on total mesophilic
aerobic bacteria (TMAB) and bacterial spore content reduction in black pepper. Treatments applied were: sterilisation
at 130 °C during 30, 60 and 90 min; and microwave irradiation at a power level of 600 W during 1.5, 3, and 5 min.
Prolongation of the sterilisation treatment expressed positive influence on TMAB and bacterial spore reduction in
black pepper. Compared to the sterilisation, microwave irradiation treatment exhibited better results in terms of black
pepper decontamination. Maximal decontamination regarding TMAB and bacterial spore was achieved in black pepper
samples treated with microwave irradiation during 3 min. The present results suggest that microwave irradiation could
be applied in black pepper decontamination considering better effectiveness compared to the sterilisation treatment.
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1. INTRODUCTION
As the oldest and one of the most important spices valuable for its distinctive odour and flavour, pepper is
the most frequently used and imported spices in the EU [1]. Despite pepper’s contribution to overall food
sensorial properties, the main drawback of pepper and generally spices usage is their microbiological
contamination. The contamination may occur during harvest, even drying, which often begins in smallscale farms if the proper precaution measures are not taken [2]. Although spices are non-perishable
commodities, considering their low moisture contents, dry stress resistant microorganisms such as bacterial
spores or some types of Salmonella still persist. The corresponding microorganisms have the ability to
grow and multiply quickly to effective and toxic levels when they are introduced to a suitable environment
such as water-rich food products with available nutrients. Considering this aspect, the spices addition in
ready-to-eat foods represents an arising problem since these types of products are not subjected to any heat
treatments [3]. Furthermore, contaminated spices addition besides product’s shelf-life shortening caused by
spoilage also induced the development of foodborne illness and intoxications in several European countries
[4].
Microorganisms that could be found in pepper are toxigenic moulds and yeasts as well as human pathogens
such as the spore-forming Bacillus cereus, Clostridium perfringens and Salmonella [5]. Pepper’s high
contamination level and high microbial load with viable counts greater than 107 CFU g-1, from which the
most numerous are aforementioned spore-forming bacteria, are unfavourable leading to significant
problems in export [6]. Commonly used treatments for the microorganisms’ inactivation in pepper are
steam sterilisation, gamma irradiation and fumigation with ethylene oxide [7]. Steam sterilisation requires
an additional drying step mining additional energy and potential recontamination of the product as well as
possible colour and aroma deterioration and volatile compounds content reduction. Regarding efficiency,
fumigation and gamma irradiation are more efficient compared to steam sterilization especially in spices
with a high microbial load like pepper [8]. However, considering carcinogen residues formation fumigation
with ethylene oxide is suppressed by European Union law while gamma irradiation requires higher initial
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investment and safety measures and is accompanied by consumers’ mistrust [8]. To overcome the
aforementioned technics’ drawbacks and address the present-day demands in the quick sterilisation process
development, without any post-treatment step required, and possible application on ‘in-pack’ products
microwave treatment should be considered.
Microwave is an electromagnetic wave with a wave- length ranging from 1 mm to 1 m and operating in the
frequency range of 300–30000 MHz [9]. In food processing microwave energy is used mainly for its
heating properties. The conversion of microwave energy into heat in food occurs mainly due to water
presence as a consequence of dipole water molecules rotation with respect to changing electric field with
frictional heat production as an outcome. The quick absorption of energy by water molecules causes rapid
water evaporation resulting in high food drying rates [10]. Microwaves penetrate directly into the material
inducing volumetric heating (from inside out) and providing fast and uniform heating throughout the
product. Therefore the main advantages of microwave drying over the conventional drying are warm up
time reduction and preservation of the product’s natural organoleptic characteristics [11]. Furthermore, due
to the convenience and ease handling, microwaves application in spices processing is gaining the research
community attention.
The objective of this study was to investigate the antibacterial effect of sterilization and microwave
irradiation on the bacteria and bacterial spore reduction in black pepper seed.
2. MATERIALS AND METHODS
2.1. Materials
Black pepper (Piper nigrum L.) seed before all treatments was purchased from Geneza Ltd., Kanjiza,
Serbia and stored at 8±1°C until further use.
2.2. Sterilization and microwave irradiation treatments
A laboratory dryer (Sutjeska) was used to investigate the effect of sterilisation on the bacterial
decontamination of black pepper. The sterilization treatment was conducted on 10 g of black pepper placed
on a Petri dish in a single layer at 130 °C during three different time periods (30 min, 60 min, 90 min)
(Tab. 1).
Table 1. Applied black pepper treatments and corresponding conditions

Sample code
Control

Treatment
none
Steam Sterilisation
Drying
Cooling

Conditions
130°C, 1.2 min
100−105°C, 21 min
-2°C, 5 min

Equipment
Type of VKMI- 2000
sterilising equipment

S30

Sterilisation

130°C, 30 min

S60

Sterilisation

130°C, 60 min

S90

Sterilisation

130°C, 90 min

Laboratory dryer
(Sutjeska)
Laboratory dryer
(Sutjeska)
Laboratory dryer
(Sutjeska)
Microwave oven
(Samsung M 171FN)
Microwave oven
(Samsung M 171FN)
Microwave oven
(Samsung M 171FN)

F

MW1.5
MW3
MW5

Microwave
irradiation
Microwave
irradiation
Microwave
irradiation

600 W, 1.5 min
600 W, 3 min
600 W, 5 min
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Dried samples were allowed to cool to room temperature, packed and used for further microbiological
analysis. To investigate the effects of microwave irradiation on the bacterial decontamination of black
pepper a domestic microwave oven (Samsung M 171FN) was used. For the treatment, 10 g of black pepper
was placed on a Petri dish in a single layer and located at the centre of turntable plate. Samples were
exposed to microwave at a power level of 600 W and three different time periods (1.5 min, 3 min, 5 min)
(Tab. 1). After microwave treatment, treated samples were allowed to cool to room temperature, packed
and used for further microbiological analysis.
2.3. Microbiological analysis
The effects of sterilization and microwave irradiation on the bacterial decontamination were evaluated
through total plate counts of total mesophilic aerobic bacteria (TMAB) and bacterial spore content of black
pepper. Following the sterilization and microwave drying treatments, pepper was aseptically sampled, to
exclude subsequent contamination and obtain a realistic insight into the effect of treatment (steam
sterilization, sterilization and microwave irradiation) on the present microflora. The sample of pepper after
the treatment was placed in a test tube with sterile 0.9% saline solution and homogenized by stirring. The
heat treatment in a water bath at 80°C for 10 min was conducted for the wash solution in order to isolate
and count the mesophilic spore-forming bacteria. The wash solution was then sequentially diluted (1:10)
placed on a plate count agar (PCA, Merck) and incubated at 30°C for 72 h for both TMAB and mesophilic
spore-forming bacteria [12]. Colonies of the appeared bacteria were counted and calculated according to
the equation (1):
𝑁=

𝑐
(𝑛1 + 0.1 × 𝑛2 ) × 𝑅

(1)

where c represents the sum of all colonies, n1 represents the number of parallels at first countable dilution,
n2 represents the number of parallels at second countable dilution, and R represents dilution factor of first
countable dilution. Microbial enumerations were expressed as log of colony forming unit per gram of
sample (CFU g-1).
3. RESULTS AND DISCUSSION
The results addressing the sterilisation and microwave treatments efficiency in bacteria and bacterial spore
decontamination are presented in Tab. 2 and graphically illustrated in Fig. 1.
Table 2. Bacteria and bacterial spore number in black pepper samples after sterilisation treatment during 30, 60, and 90 min (S30,
S60, S90) and microwave treatment during 1.5, 3, and 5 min (MW1.5, MW3, MW5)

Sample code
Control
F
S30
S60
S90
MW1.5
MW3
MW5

Total mesophilic aerobic
bacteria, TMAB (log CFU g-1)
5.58±0.62
5.89±0.49
6.64±0.07
6.28±0.30
5.29±0.19
5.31±0.82
3.89±0.89
5.78±0.26
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Mesophilic spore-forming
bacteria (log CFU g-1)
4.62±0.67
5.63±0.25
6.66±0.04
5.96±0.19
5.25±0.19
4.64±0.44
3.70±0.66
6.08±0.01
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The number of TMAB expressed as log of colony forming unit per gram of sample for sterilised and
microwave irradiated samples was found to be in the range of 5.29 to 6.64, and 3.89 to 5.78, respectively.
An increase in the number of TMAB was observed in samples sterilised during 30 and 60 min (samples
S30, S60, Tab. 2) compared to control. probably due to too short time of treatment and smaller reduction of
water content inside pepper. Conversely, a decrease in the number of TMAB was detected with the
treatment period prolongation to 90 min (Tab. 2, Fig. 1), indicating time of treatment as an important factor
in dry sterilization. Considering microwave irradiation treatment, a decrease in the number of TMAB was
noted for samples treated during 1.5 and 3 min compared to control and sample sterilized by steam in the
factory. Furthermore, prolongation of the microwave irradiation treatment from 1.5 to 3 min induced a
decrease in TMAB number for 26% (samples MW 1.5 and MW3, Tab. 2). Similar observation on TMAB
number decrease with prolonged exposure time to microwave irradiation was previously reported in
literature [7]. However, further prolongation of the microwave irradiation to 5 min induced an increase in
TMAB number. A decrease in TMAB number was more pronounced in microwave irradiated black pepper
samples compared to sterilized samples.

Figure 1. The effects of sterilisation and microwave irradiation treatments on pepper bacterial decontamination. For sample code
see Tab. 1.

The bacterial spore number expressed as log of colony forming unit per gram of sample was found to be
lower compared to TMAB number in most black pepper samples regardless of applied treatments (Tab. 2,
Fig. 1). For sterilized black pepper samples bacterial spore number ranged from 5.24 to 6.66 log CFU g-1.
Compared to the control sample, an increase in bacterial spore number was noted in sterilized black pepper
samples. However, a decrease in bacterial spore number was observed with sterilisation treatment period
prolongation from 30 to 90 min (Tab. 2). As regards to microwave irradiation treatment, bacterial spore
number in black pepper samples ranged from 3.70 to 6.08 log CFU g-1. The bacterial spore number in
samples exposed to microwave irradiation for 1.5 and 5 min (samples MW1.5, MW5, Tab. 2) was higher
compared to the control sample. Conversely, the lowest bacterial spore number was found in sample
treated with microwave irradiation during 3 min. The corresponding sample had bacterial spore number
19% lower than control. Prolongation of microwave irradiation to 5 min led to an increase in bacterial
spore number. Comparing the treatments applied, microwave irradiation was more effective in bacterial
spore number reduction.
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4. CONCLUSIONS
The present study investigated the effects of sterilisation and microwave irradiation on bacteria and
bacterial spore decontamination in black pepper. Sterilisation treatment at 130 °C during 90 min was the
most efficient regarding total mesophilic aerobic bacteria and bacterial spore decontamination considering
investigated sterilisation treatments. In general, microwave irradiation treatment proved to be more
efficient regarding bacteria and bacterial spore decontamination compared to sterilisation. In black pepper
samples treated with microwave irradiation during 3 min maximal decontamination regarding total
mesophilic aerobic bacteria and bacterial spore was achieved. However, further prolongation of the
microwave irradiation treatment resulted in microbial picture deterioration. The present study showed the
greater potential of microwave irradiation treatment in bacteria and bacterial spore decontamination
compared to sterilisation. Although further research is needed to establish optimal treatment condition for
achieving maximal microbial decontamination, microwave irradiation represents a promising technic for
the microbial number reduction in spices.
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