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ARTICLE INFO ABSTRACT
Article type: Background: Spices are widely used in food preparation and
Research Article formulation as flavoring, and when stored in unhygienic settings,

they can harbor various bacteria. Cold plasma, a safe method for
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Methods: The cumin and cinnamon were subjected to a three-
minute DBD cold plasma treatment utilizing argon gas as the
treatment medium, with a maximum voltage of 10 kV and 100
Keywords: watts. Various analyses were conducted on the treated samples,
Cinnamon, Cold plasma, encompassing measurements of moisture content, phenolic
Cumin, Spices compounds, antioxidant activity, total ash content, color,
microbiological load (total count, total coliform, mold, and yeast
count), sensory assessment, and morphological evaluation.
Results: This study demonstrated a significant impact (p < 0.05) of
plasma application on the microbial contamination of both
cinnamon and cumin. In the investigation of chemical
characteristics, the results indicated a significant impact of cold
plasma on cinnamon's moisture and ash content (p < 0.05). No
significant difference was observed in phenolic compounds,
antioxidant activity, color, and sensory assessment. The results
obtained from the morphological analysis indicated that the spice
powders treated with cold plasma displayed a uniform surface.
Conclusion: It is possible to develop the field of studies using
plasma technology to produce natural products free from the
disinfection of chemical compounds, and this method is suggested
for the high-level disinfection of spices, given the lack of change in
the organoleptic properties.
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EXTENDED ABSTRACT

Introduction: Spices represent a prevalent
category of natural flavors extensively
employed in culinary practices and food
formulation. The majority of spices are made
using traditional techniques. Spices produced
in unhygienic conditions often have high
amounts of pathogenic bacteria, molds, and
yeasts. Some bacteria are known as human
pathogens and thus require disinfection
processes that reduce the potential harm they
might do to the active components of spices.
Using contaminated spices in food can
significantly reduce the shelf life of food items
and may pose health hazards to consumers
(Karim, 1394). To increase food's nutritional
and sensory quality while simultaneously
ensuring the products' microbiological safety,
one of the key targets is finding alternatives to
current food processing and preservation
technologies. Emerging innovations in food
science and engineering have developed
consistently and quickly over the past 20 years.
The innovative food processing method called
"cold plasma" uses energetic reactive gases to
inactivate contaminating bacteria in spices
(Misra et al, 2011). Cold plasma
decontamination techniques are significantly
safer and more efficient than previous ones
(Laroussi, 2009). Furthermore, the impacts of
cold plasma on bioactive components are
negligible, and the almost final quality of the
products after operations is consistent (Min et
al., 2017). In this study, cinnamon and cumin
spices were exposed to cold plasma processing
with argon gas to examine their
microbiological, chemical, physical, and
organoleptic qualities.

Material and methods: Two grams of the
cinnamon and cumin spices samples were
initially measured in a sterile Petri dish for cold
plasma treatment. The treatment, carried out
using the Dielectric Barrier Discharge (DBD)
system, lasted three minutes. Cold plasma,
generated by argon gas, was produced under
atmospheric pressure. The treatment employed
an AC source featuring a maximum voltage of
10 kV, a frequency ranging from 1 to 16 kHz,
and a power output of 100 W. The assessment
of microbial load in the samples involved

conducting analyses for total count, total
coliform, mold, and yeast count. To examine
the chemical parameters, measurements were
taken for moisture content, aqueous extract of
cinnamon and cumin, total phenolic
compounds, and antioxidant activity using the
DPPH radical reduction method. Additionally,
the total ash amount was determined.
Morphological characteristics were evaluated
through scanning electron microscopy (SEM)
for a physical assessment of the samples.
Solubility in water, color analysis, and sensory
evaluation were also performed. The prepared
samples were then compared to the controlled
sample (non-plasma) to demonstrate the
efficacy of plasma influence.

Results and discussion: The study
demonstrates a significant impact (p < 0.05) of
plasma application on the microbial
contamination of both cinnamon and cumin.
The coliform reduction rate was 92% in
cinnamon and 91% in cumin. Similarly, both
spices showed a 22% reduction in mold. The
total count reduction was 7.69% for cinnamon
and 9.08% for cumin. These findings
underscore the notable impact of plasma
treatment on reducing microbial contamination
in cinnamon and cumin samples. In the
investigation of chemical characteristics, the
moisture content of cinnamon significantly
decreased Dby 46.87%. Conversely, no
observable change was noted in the moisture
content of cumin. The results indicate a
significant impact of cold plasma on the ash
content of spices (p <0.05). Specifically, in the
case of cinnamon spice, there was a noticeable
decrease in the amount of ash, suggesting that
the cold plasma treatment may have influenced
the reduction, possibly due to the removal of
impurities in the spice. There was no observed
decrease in phenolic compounds and
antioxidant activity in either cinnamon or
cumin spices. No significant difference was
observed in the color indices of the spice
samples. The sensory test revealed no
discernible changes in the texture, aroma, and
taste of the cinnamon and cumin spice samples
treated with cold plasma compared to the
control samples of these spices. According to
the investigations, it was observed that the
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water solubility of cinnamon and cumin spices
treated with cold plasma increased compared
to the control spice. The results obtained from
the morphological analysis indicate that the
untreated spice powders exhibited a
heterogeneous and prominent surface. In
contrast, the spice powders treated with cold
plasma displayed a uniform surface.
Conclusion: When it comes to sanitizing
methods for crucial food ingredients, the
necessity arises to preserve the quality of
spices. Various methods are employed,
including freezing, drying, irradiation, heating,
and packaging, alongside chemical approaches
such as using additives. In recent times, non-
thermal plasma has emerged as a novel method
for treating spices, herbs, seeds, and dried
vegetables. The non-thermal nature of cold
plasma makes it a valuable alternative to
traditional chemical methods, offering an
option that minimizes the use of chemical
substances while maintaining the quality of the
food ingredients. This presents an innovative
and potentially more sustainable approach to
ensure food safety and longevity without
compromising the essential characteristics of
spices.
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Table 1- Analysis of color indicators in the
investigated spices

Sample L* a* b*

Blank Cinnamon  42.41 8.55 8.45

Cinnamon 43.11 8.94 8.92

treatment

blank Cumin 8.25 1.77 2.11

Cumin treatment  8.73 1.94 2.21
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Figure 6-sensory analyses in the investigated spices
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Blank Cinnamon ~ Cinnamon treatment  Blank Cumin Cumin treatment

Blank Cinnamon | Cinnamon treatment | Blank Cumin | Cumin treatment
Antioxidant capacity (%) 0.023333333 0.022666667 0.207333333 0.207333333

Figure 5- The amount of antioxidant capacity in the
investigated spices
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Figure 7- Morphology of blank Cumin (A), Cumin treatment (B), blank Cinnamon (C), and Cinnamon
treatment (D)
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