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Abstract

Background and objective: Non-thermal methods are suggested for decontamination of
spices to preserve safety and quality of the products. In this study, effects of atmospheric
pressure floating-electrode dielectric-barrier discharge plasma were investigated on red pepper
powder, compared to gamma irradiation.

Material and methods: To achieve the optimum time of treatment for decontamination,
Escherichia coli, Bacillus cereus and Aspergillus flavus as microorganisms in red pepper were
exposed to atmospheric pressure floating-electrode dielectric-barrier discharge plasma for 10,
20 and 30 min and the structural changes in microorganisms were investigated using scanning
electron microscopy and DNA measurement following exposure. The red pepper was exposed
to plasma for 20 min (optimum time) and 10 KGy gamma irradiation. Microbial count, color
measurement and sensory evaluation of the samples were assessed before and after treatments.

Results and conclusion: Results indicated that the density of surviving bacterial strains
decreased when time of exposure increased and this decrease was significant after 10 min
(P<0.05). The complete decontamination was carried out within 20 min. The deformation of
cells and destruction of cell wall structures were seen in bacteria and mold following
exposure. Data revealed that cold floating-electrode dielectric-barrier discharge plasma for 20
min inactivated red pepper microorganisms as well as gamma irradiation. As a conclusion,
floating-electrode dielectric-barrier discharge plasma is an appropriate method to
decontaminate the red pepper powder (regardless of color change) and can replace traditional
methods without changes in the product quality and taste.
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1. Introduction

Spices and herbal products are used as flavors, aromas
and colors in food products. Spices and herbs may contain
large quantities of bacteria and molds. If many bacteria are
present in spices, they can result in food poisoning and
rapid spoilage of foods. Red pepper (Capsicum annuum L.)
is used worldwide in dried powder or fresh form as food
additives [1]. Red pepper powder is one of the most
valuable and widely used spices, because of its distinctive
flavor and aroma and medicinal and therapeutic properties
[2,3]. This spice is often contaminated with high levels of
micro-organisms. Pathogenic microorganisms found on the
surface or inside of the red pepper include Escherichia (E.)
coli, Aspergillus (A.) flavus, Bacillus (B.) cereus,

Clostridium (C.) perfringens and Staphylococcus (S.)
aureus [4,5]. This can potentially create public health risks
and problems. Because of the importance of red pepper,
use of an effective decontamination method without
changing in quality of the spice is necessary.

Conventional methods for sterilization such as
fumigation with ethylene oxide, irradiation with ionizing
radiation and treatment with super-heated steam and
ultraviolet (UV) are wused in red pepper powder
decontamination [6]. However, each of these methods
includes disadvantages such as oxidation of most aromatic
components of the spices, loss of flavor and color and
decreased qualities of fatty acids and vitamins [7,8]. One
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of the sterilization methods recently used is atmospheric-
pressure low-temperature plasma. Cold plasma sterilization
technique is used to decontaminate a wide variety of heat-
sensitive instruments [9]. Low-temperature plasma consists
of highly energetic species, free radicals, UV photons,
electrons, negative and positive ions, excited atoms and
molecules and UV radiation, which are able to deactivate
and kill bacteria, viruses and other microorganisms without
significant temperature effects [10-12].

Floating-electrode dielectric-barrier discharge (FE-
DBD) is a convenient plasma source for the generation of
non-thermal plasma at atmospheric pressure. Recently,
atmospheric pressure plasma is used in decontamination of
spices, herbs, seeds and dehydrated vegetables [13].
Therefore, objectives of this experimental study were to 1)
investigate microbial inhibition effects of FE-DBD plasma
on A. flavus, B. cereus and E. coli as microbes found in red
pepper powder; 2) optimize treatment conditions; and 3)
microbial decontamination of red pepper powder using
atmospheric pressure FE-DBD plasma, compared to
gamma irradiation as conventional method.

2. Materials and methods

1.1. Microbiological analysis and colony counting

Two strains of bacteria and a fungus were provided by
Persian Type Culture Collection of the Iranian Research
Organization for Science and Technology (IROST),
including E. coli PTCC 1399, B. cereus PTCC1247 and A.
flavus PTCC 5004. The microbial strains were cultivated in
sterile media and incubated at appropriate time and
temperature. Then, the microbial biomass was centrifuged
at 1860 xg for 15 min. The microbial cells were
treated with FE-DBD plasma (output voltage of 205-
240V AC and frequency of 13.56 MHz). The microbial
count was recorded before and after treatments with DBD
plasma (at 10, 20 and 30 min intervals). The E. coli was
cultured in eosin-methylene-blue agar at 37°C for 24 h,
according to ISO No. 7251 standard [14]. The B. cereus
was prepared by growing cells in mannitol yolk polymyxin
at 30°C for 24 h, according to ISO No. 7932 standard [15].
The A. flavus was prepared by growing cells in dichloran-
glycerol selective media at 25°C for 5-7 days, according to
ISO No. 21527-2 standard [16]. The colony forming units
was calculated per milliliter of each sample based on the
following equation of N =5 C/ {(n1 X 1) + (nz x 0.1)} d;
where, N was the number of colonies per milliliter of the
product, > 'C was sum of all colonies in all plates counted,
ni: was number of plates in lower dilution counted, n, was
number of plates in higher dilution counted and d was
dilution level corresponding to first count.

1.2. Scanning electron microscopy

The Scanning electron microscopy (SEM) was used to
investigate possible effects of FE DBD plasma on cell
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structure of the experimental microorganisms. Briefly, E.
coli, B. cereus and A. flavus samples were cultured in
Brain Heart Infusion broth and then centrifuged at 6,000
xg for 15 min. After centrifugation, the aqueous phase
layer was collected and the pellet was transferred to a
cover glass and exposed to FE-DBD plasma for 20 min.
The control sample was not subjected to plasma treatment.
Control and treated bacterial pellets were fixed in 2.5%
glutaraldehyde for 24 h and dehydrated in series of
increasing alcohol concentrations (30, 50, 70 and 95 for 15
min and 100 for 1 h). After drying, samples were coated
with gold and SEM was carried out according to a protocol
described by Lia et al. [17].

1.3. DNA measurement

The DNA concentration was calculated to assess the
bacterial destruction rate. Concentrations of double-
stranded DNA in supernatant of the bacteria were
suspended in normal saline before and after the exposure to
atmospheric pressure FE-DBD plasma using Nano Drop
1000 Spectrophotometer (Thermo Scientific, USA). To
calculate concentrations of DNA, 50 pl of the bacterial
suspension with a concentration of 0.5 McFarland were
mixed with 100 pl of normal saline and was analyzed
using Nano Drop 1000 Spectrophotometer (Thermo
Scientific, USA).

1.4. Exposure system

The instrument used to produce low-temperature
atmospheric-pressure plasma consisted of an electrode
(diameter of electrode was 5 cm and electrode charge was
negative) and a radiofrequency power supply. The
atmospheric pressure FE-DBD plasma was generated using
a radio frequency discharge of 13.56 MHz, variable
voltages and output powers from 0 to 1000 W.

1.5. Exposure protocol

In general, 1 g of the red pepper powder was spread on
a round paper as a single layer and exposed to the plasma
for 20 min. To investigate the colonies, the red pepper
powder was mixed with 9 ml of sterile normal saline in a
tube and vortexed vigorously. A serial dilution of 10-1-10
of the supernatant was used for the culture. Then, 1 ml of
each dilution was cultured on nutrient agar using pour plate
method. Number of colonies was counted after 24 h of
incubation at 37°C based on ISO 4833: 20139 [18]. E. coli
was enumerated in Eosin-Methylen-Blue Agar for 24 hours
at 37°C based on 1SO 7251[14]. B. cereus was prepared in
Mannitol Yolk Polymyxin agar according to 1ISO No. 7932
[15]. A. flavous was enumerated in Dichloran-Glycerol
selective medium according to 1SO No. 21527-2[16].
Enumeration of coliforms was cultured in Crystal Violet
Neutral Red Bile Lactose agar based on ISO No. 4832:
2006[19]. C. perfringens was cultured in Egg-yolk-free
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Tryptose Sulfite Cycloserine agar according to 1SO

N0.7937: 2004 [20].

1.6. Gamma irradiation

To compare results of FE-DBD with gamma radiation, 1
g of the red pepper powder packaged in a vacuumed plastic
zipped pack was exposed to 10 KGy gamma radiation
using gamma cell 220 with a cobalt irradiation source of
60 and then colony formation was investigated.

1.7. Color measurement

The sample color was measured using digital camera
(Canon Power Shot A540, Japan). The color value of
samples was analyzed five times. Three parameters of the
color, including lightness (L*), redness (a*) and
yellowness (b*), were analyzed to evaluate color changes
in the samples. The L* ranged from black to white (0-100),
a* ranged from green (negative value) to red purple
(positive value) and b* ranged from yellow (positive
value) to blue (negative value). To analyze L*, a* and b*
parameters and compare sample colors in Photoshop
Software, digital images were captured in a constant and
uniform condition of lightning and angle of camera (low
voltage halogen lamp with reflector) and stored in bitmap
graphic format with 8-bit pallet (28 = 256 colors). The total
color difference (AE) was calculated from AL (L-L*), Aa
(a-a*) and Ab (b-b*) values based on the following
equation of AE xa+p* = [(AL)? + (Aa)? + (Ab)?]*2. The L*, a*
and b* were associated to color parameters of untreated red
paper powder samples. Color changes in the red-green-
blue color model were calculated using image analysis
[21].

1.8. Sensory evaluation

Sensory analysis was evaluated by 15 trained panelists
using 5-point hedonic scales (1 was the lowest and 9 was
the highest score). The panelists evaluated treated spice
samples for overall acceptance [22].

1.9. Statistical analysis

Statistical analysis was carried out using SPSS
Statistical Software v. 16.0 (SPSS, Chicago, IL, USA).
Comparison of data between the control and exposed
samples was carried out using one-way analysis of
variance test. Each experiment was repeated five times.
Data were expressed as mean +SD (standard deviation). A
P-value < 0.05 was considered statistically significant.

3. Results and discussion

In this study, effects of atmospheric pressure FE-DBD
plasma on red pepper powder were investigated, compared
to gamma irradiation as conventional method. To calculate
the best atmospheric pressure FE- DBD plasma treatment
time, average microbial counts of E. coli, B. cereus and A.
flavus were calculated after treatment. As shown in Fig. 1,
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density of the surviving microorganisms decreased when
the time of exposure increased. The microbial count
decreased significantly after 10 min (P<0.05). A much
higher decrease was achieved for E. coli, a Gram-negative
bacteria, while A. flavus showed further resistance.
Complete decontamination of E. coli, B. cereus and A.
flavus was achieved within 20 min (optimum time). Effects
of plasma on microbial log decrease of E. coli, B. cereus
and A. flavus at 10 min is shown in Fig. 1. Results
indicated that the density of surviving microorganisms
significantly decreased (P<0.05). The lowest microbial log
decrease was seen in A. flavus, while E. coli was the most
susceptible microorganism to plasma treatment (Fig. 1).
Cell wall of the Gram-positive bacteria includes a
thickness of nearly 20-80 nm, while Gram-negative
bacteria include a relatively thin cell wall (<10 nm),
including an outer membrane with a complex layer. The
difference in cell walls of Gram-positive and Gram-
negative bacteria induces different properties, especially in
response to external stresses such as plasma treatment.
Plasma disrupts the structure of peptidoglycans in the cell
wall of Gram-positive bacteria, while inactivation of
Gram-negative bacteria can be due to the destruction of
membrane lipid layers by plasma bombardment. Leakage
of the cellular components such as potassium, nucleic acids
and proteins is happened following the cell wall
destruction [23]. The A. flavus, a microbial contaminant of
paprika, is able to produce aflatoxin, a mycotoxin with
carcinogenic effects [24]. The current results showed that
the plasma could deactivate A. flavus within 20 min.
Charged and excited species, reactive neutrals and UV
radiations are factors that determine plasma sterilization
process. Furthermore, several other factors can affect the
killing process, including type of exposure, contribution of
UV, operation of gas mixture, type of media, species of
microorganism and number of cell layers.
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Figure 1. Microbial counts of Escherichia coli, Bacillus cereus
and Aspergillus flavus after treatment with FE-DBD plasma for 0,
10, 20 and 30 min.

Different letters show significant differences (P<0.05).

FE-DBD plasma =Floating-electrode dielectric-barrier discharge
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Table 1. Measurement of DNA concentration after exposure to
Floating-electrode dielectric-barrier discharge plasma, compared
to control

Exposure time (min) E. coli B. cereus
0 525+ 242 473 +1.4°
10 67.4+6.9° 149.4 +9.8°
20 132.3+5.7° 197.4+7.2°

Data are presented as mean #SD from five separate experiments.
Different letters in columns show significant differences (P<0.05). E.
coli= Escherichia coli, B. cereus= Bacillus cereus

In this study, SEM was used to investigate
morphological changes in microorganisms following the
exposure to EF-DBD plasma. Figure 2 (a-i) shows SEM
images of E. coli, B. cereus and A. flavus after exposure to
cold atmospheric FE-DBD plasma for 10 and 20 min,
compared to controls. The images of E. coli and B. cereus
and A. flavus supported results of microbial analysis,
showing deformation and destruction of bacterial and mold
cells after treatment with plasma. Morphological changes
and wrinkling of the cell wall structure of bacteria and
molds were seen after 10 min of plasma treatment.
However, tendency of bacteria and molds to aggregate was
seen after 10 min of treatment with plasma. Some of the
cells were completely destroyed following exposure to
plasma for 20 min. FE-DBD plasma treatments for 20 min

resulted in complete rupture of the bacterial and mold
membranes, leakage of the cytoplasm materials and
agglutination of the cells. Cell membrane deformations and
leakage of the bacterial chromosome were observed in
microbial cells treated with atmospheric pressure plasma
[23]. Hueso et al. reported that exposure to Ar-NO plasma
could lead to destruction and lysis of E. coli [25]. It is well
established that pulsed electric fields induce electro-
poration of the cell membranes. Furthermore, it seems that
plasma acts in a similar way to induce membrane
perforations in microorganisms [26-28]. In the present
study, bacterial and mold cells appeared intact and
separated from each other before treatment with plasma,
while bacterial and mold cells exposed to plasma appeared
to be aggregated. Aggregation of the bacterial cells may be
a result of the response to stress due to antibacterial agents
or deformation of the cell surfaces subjected to treatment
with plasma. Morphological changes in E. coli cells treated
with lemon grass oil were reported by Tyagi and Malik
[29]. They reported the aggregation of bacterial cells
following leakage of the cytoplasm. Tang et al. investigat-
ed aggregations in E. coli and Shewanella oneidensis after
addition of fullerene compounds [30].

- .

Figure 2. Scaning electron microscopy images of E. coli, B. cereus and A. flavous before and after exposure to FE-DBD plasma. a,
E. coli without exposure; b, E. coli after 10 min of exposure; ¢, E. coli after 20 min of exposure; d, B. cereus without exposure; e, B.
cereus after 10 min of exposure; f, B. cereus after 20 min of exposure (a rupture of the bacterial membranes and leakage of the
cytoplasm materials are shown by arrows); g, spores of A. flavus without exposure; h, spores of A. flavus after 10 min of exposure
(morphological changes and wrinkling of the mold cell wall structure are shown by arrows); i, spores of A. flavus after 20 min of

exposure

E. coli= Escherichia coli, B. cereus= Bacillus cereus, A. flavous= Aspergillus flavus
Floating-electrode dielectric-barrier discharge= FE-DBD plasma, Scaning electron microscopy =SEM
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The current results showed that the density of surviving
microorganisms in red pepper powder decreased to
acceptable levels under the exposure of FE-DBD plasma.
To assess the membrane destruction rate of bacteria caused
by the plasma treatment, concentrations of DNA in
supernatant of the bacteria were suspended in normal
saline before and after treatments. Concentrations of DNA
after treatment with plasma for 10 and 20 min are shown in
Table 1 in comparison to controls. The DNA concent-
rations were calculated from the absorbance at 260 nm.
The present results demonstrated that the concentrations of
DNA increased after 10 and 20 min of treatments with
plasma (P<0.01). These results supported results from
SEM. It can be concluded that increase of DNA concent-
ration may be resulted from bacterial cell wall destruction
by electrostatic force and leaked cytoplasm materials.

Table 2. Logarithm of the microbial population of red pepper
powder under exposure to plasma for 20 min and gamma
radiation

Microorganism Control Cold pla_lsma ) Gamma
(20 min) irradiation
E. coli 2.86 +0.254 0+08 0+08
B. cereus 1.02+0.2A 0+08 0+08
A. flavus 1.53 + 0.65% 0+08 0+08
Coliform 3.47 £0.15 0+08 0+08
C. perfringens 0+0° 0+0° 0+0°

Data are presented as mean +SD from five separate experiments.
Different letters in rows show significant differences (P < 0.05).

E. coli= Escherichia coli, B. cereus= Bacillus cereus, A. flavus=
Aspergillus flavus, C. perfringens = Clostridium perfringens

Direct effects of external electric fields on the
sterilization and inactivation of microorganisms in plasma
are usually negligible, while effects of electric fields
associated with movement and accumulation of charged
particles are important [31]. Accumulation of charged
particles plays a significant role in breaking outer
membranes of the bacterial cell electrostatic forces
produced by charged particles and stored on the external
surfaces of cell membrane. These particles produce strong
stretches and thus rupture the membranes [32]. In
comparison, gamma irradiation can cause to ionize
compounds and produce free radicals, which can break

macromolecules such as DNA, thereby killing microorg-
anisms [33]. Table 2 shows the logarithm of microbial
population in red pepper powder under the exposure of
plasma at 20 min and gamma radiation (10 KGy),
compared to controls. Results also showed that the
complete decontamination was carried out within 20 min;
similar to gamma radiation. As previously reported by
Abdel-Khalek [34], a gamma irradiation dose of 10 kGy
completely inhibited bacterial flora to increase shelf life of
spices during storage. Therefore, it can be concluded that
FE-DBD plasma can be used for the sterilization of spices
such as red pepper powder. The color change assessment
of red pepper powder is necessary after treatment with FE-
DBD plasma to show the extent; to which, the treatment
affects the powder color. Table 3 illustrates the average of
total color changes in red pepper powder after plasma
treatment for 20 min and gamma radiation, compared to
controls. It can be seen in the table that parameters L and a
significantly decreased and parameter b significantly
increased (P<0.05) under the exposure of plasma at 20 min
and gamma radiation, compared to controls. As results
indicate, plasma treatment and gamma radiation led to
decreased L*(lightness) and a* (redness) and increased b*
(yellowness) significantly (P<0.05). This may be linked to
the alteration in carotenoid pigments of the red pepper
during exposure to FE-DBD plasma. The major factor
determining commercial quality of red peppers is the red
color [35]. Red color of the red pepper is due to the
presence of Capsanthin, a major carotenoid pigment in red
peppers [36]. Decreased red color of the red pepper after 5
min of treatment with plasma was reported by Hertwig et
al. [37]. Furthermore, results were similar to those reported
by Rico et al. [38], which have shown that redness of
pepper powder decreased after gamma irradiation. Sensory
evaluation of the red pepper powder is shown in Table 4.
Sensory evaluation results showed that FE-DBD plasma
and gamma radiation included no effects on odor and taste
of the red pepper powder, while color change was
observed by the panelists. Similarly, Abdel-Khalek [34]
reported that gamma irradiation (10 kGy) included no
effects on flavoring materials.

Table 3. Changes in red pepper powder color after 20 min of treatment with plasma, compared to gamma radiation

Treatment L* o b AE

Control 57.33 £0.33? 20.33£0.332 40.33 £0.332 1.41 £0.002
Cold plasma (20 min) 55.33+0.33° 18.5+0.33" 42.66 +0.33" 3.93 +.085"
Gamma irradiation 53.33 £ 0.33°¢ 17.66 +0.33° 44,66 £ 0.33¢ 6.52 £ 0.44°

Data are presented as mean +SD from six separate experiments. Different letters in columns show significant differences (P<0.05).

L*= lightness, a*= redness, b*= yellowness
AE= The total color difference
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Table 4. Sensory evaluation under exposure to plasma compared to gamma radiation

Treatment Taste Odor Color Overall acceptance
Control 3.40 £ 0.252 453+ 0.132 420+0.112 4.46+0.132
Cold plasma (20 min) 3.46 £0.222 453+0.132 3.73+0.12b 433 +.16%
Gamma irradiation 3.40 £0.232 453+0.162 3.80 +0.14b 4,40 +0.532

Data are presented as mean +SD from six separate experiments. Different letters in columns show significant differences (P<0.05).

4. Conclusion

As a conclusion, FE-DBD plasma is a cost effective and
appropriate method for the decontamination of red pepper
powders regardless the color change of this spice. Costs of
the gamma irradiation treatment are higher than those of
conventional methods due to the transportation of food
products to and from the irradiators and use of special
packaging. Therefore, FE-DBD plasma can be replaced
with traditional methods that alter quality and taste of
spices. Furthermore, this method can be carried out as an
economically continuous method for decontamination of
spices.

5. Acknowledgements

The authors would like to appreciate cooperation of
Plasma Physics Research Center of Science and Research
Branch, Islamic Azad University, in this study.

6. Conflict of interest

The authors declare no conflict of interest.

References

1. Kim GE, Lee D, Min S. Microbial decontamination of red
pepper powder by cold plasma. Food Microbiol. 2014; 38:
128-136.
doi: 10.1016/j.fm.2013.08.019.

2. Lee Y, Howard LR, Villalon B. Flavonoids and antioxidant
activity of fresh pepper (Capsicum annuum) cultivars. J Food
Sci. 1995; 60(3): 473-476.
doi: 10.1111/j.1365-2621.1995.tb09806.x

3. Howard LR, Talcott ST, Brenes CH, Villalon B. Changes in
phytochemical and antioxidant activity of selected pepper
cultivars (Capsicum species) as influenced by maturity. J
Agric Food Chem. 2000; 48(5): 1713-1720.
doi: 10.1021/jf990916t.

4. Aydin A, Erkan ME, Baskaya R, Ciftcioglu G. Determination
of aflatoxin Bi levels in powdered red pepper. Food Control.
2007; 18(9): 1015-1018.
doi: 10.1016/j.foodcont.2006.03.013

5. Buckenhuskes HJ, Rendlen M. Hygienic problems of
phytogenic raw materials for food production with special
emphasis to herbs and spices. Food Sci Biotechnol. 2004;
13(2): 262-268.

6. Schweiggert U, Carle R, Schieber A. Conventional and
alternative processes for spice-a review. Trends Food Sci
Technol. 2007; 18(5): 260-268.
doi: 10.1016/j.tifs.2007.01.005.

252

7. Sospedra |, Soriano JM, Manes J. Assessment of the
microbiological safety of dried spices and herbs
commercialized in Spain. Plant Foods hum nutr. 2010;
65(4):364-368.
doi: 10.1007/s11130-010-0186-0

8. Sadecka J. Irradiation of spices-a review. Czech J Food Sci.
2007; 25(5): 231-242.
doi: 10.17221/684-CJFS

9. Moisan M, Barbeau J, Crevier MC, Pelletier J, Philip N ,
Saoudi B. Plasma sterilization. methods and mechanisms.
Pure Appl Chem. 2002; 74(3): 349-58.
doi: 10.1351/pac200274030349.

10. Fernandez A, Shearer N, Wilson DR, Thompson A. Effect of
microbial loading on the efficiency of cold atmospheric gas
plasma inactivation of Salmonella enterica serovar
Typhimurium. Int J Food Microbiol. 2011; 152(3): 175-180.
doi: 10.1016/j.ijfoodmicro.2011.02.038.

11. Bhatt HK, Prasad RV, Joshi DC, Sagarika N. Non-thermal
plasma system for decontamination of fruits, vegetables and
spices: A review. Int J Chem Stud. 2018; 6(2): 619-627.

12. Schluter O, Ehlbeck J, Hertel C, Habermeyer M, Roth A,
Engel KH, Holzhauser T, Knorr D, Eisenbrand G. Opinion on
the use of plasma processes for treatment of foods. Mol Nutr
Food Res. 2013; 57(5): 920-927.
doi: 10.1002/mnfr.201300039.

13. Ebadi MT, Abbasi S, Harouni A, Sefidkon F. Effect of cold
plasma on essential oil content and composition of lemon
verbena. Food Sci Nutr. 2019; 7: 1166-1171.
doi: 10.1002/fsn3.876.

14. 1SO 7251. Microbiology of food and animal feeding stuffs -
horizontal method for the detection and enumeration of
presumptive Escherichia coli - Most probable number
technique. 2005.

15. ISO 7932. Microbiology of food and animal feeding stuffs -
horizontal method for the enumeration of presumptive
Bacillus cereus - colony-count technique at 30°C. 2004.

16. ISO 21527-2. Microbiology of food and animal feeding stuffs
horizontal method for the enumeration of yeasts and moulds -
Part 2: colony count technique in products with water activity
less than or equal to 0.95. 2008.

17. Li YQ, Han Q, Feng JL, Tian WL, Mo HZ. Antibacterial
characteristics and mechanisms of e-poly-lysine against
Escherichia coli and Staphylococcus aureus. Food Control.
2014;43:22-7.
doi: 10.1016/j.foodcont.2014.02.023.

18. ISO 4833-1. Microbiology of the food chain-horizontal
method for the enumeration of microorganisms-Part 1:
Colony count at 30°C by the pour plate technique. 2013.

19. ISO 4832. Microbiology of food and animal feeding stuffs-
horizontal method for the enumeration of coliforms -Colony-
count technique. 2006.

Appl Food Biotechnol, Vol. 6, No. 4 (2019)



https://doi.org/10.1111/j.1365-2621.1995.tb09806.x
https://doi.org/10.1016/j.foodcont.2006.03.013
https://doi.org/10.1016/j.tifs.2007.01.005
https://doi.org/10.1007/s11130-010-0186-0
https://doi.org/10.17221/684-CJFS
https://doi.org/10.1351/pac200274030349
https://doi.org/10.1016/j.ijfoodmicro.2011.02.038
https://doi.org/10.1016/j.foodcont.2014.02.023

Decontamination of red pepper using FE-DBD plasma

20.

21.

22.

ISO 7937. Horizontal method for the enumeration of
Clostridium perfringens—colony-count technique. 2004.

Lukinac J, Jokic S, Planinic M, Magdic D, Bilic M, Tomas S,
Velic D, Bucic-Kojic A. An application of image analysis and
colorimetric methods on color change of dehydrated
asparagus (Asparagus maritimus L.). Agric Conspec Sci.
2009; 74(3): 233-237.

Moskowitz HR, Munoz AM, Gacula Jr MC. Viewpoints and
Controversies in Sensory Science and Consumer Product
Testing: John Wiley and Sons; 2008. 299-313.

23. Mai-Prochnow A, Clauson M, Hong J, Murphy A. Gram

24.

25.

26.

217.

28.

29.

Appl Food Biotechnol, Vol. 6, No. 4 (2019)

positive and gram negative bacteria differ in their sensitivity
to cold plasma. Sci Rep. 2016; 6: 38610.
doi: 10.1038/srep38610.

Suhem K, Matan N, Nisoa M, Matan N. Inhibition of
Aspergillus flavus on agar media and brown rice cereal bars
using cold atmospheric plasma treatment. Int J Microbiol.
2012;161(2): 107-111.

doi: 10.1016/j.ijfoodmicro.2012.12.002.

Hueso JL, Rico VJ, Frias JE, Cotrino J, Gonzalez-Elipe AR.
Ar + NO microwave plasmas for Escherichia coli
sterilization. J Phys D Appl Phys. 2008; 41(9):1-4.

doi: 10.1088/0022-3727/41/9/092002

Pothakamury UR, Monsalve-Gonzalez A, Barbosa-Canovas
GV, Swanson BG. Inactivation of Escherichia coli and
Staphylococcus aureus in model foods by pulsed electric field
technology. Food Res Int. 1995; 28(2):167-71.

doi: 10.1016/0963-9969(95)90801-G

Sale A, Hamilton W. Effects of high electric fields on
microorganisms: |. Killing of bacteria and yeasts. Biochim
Biophys Acta Gen Subj. 1967; 148(3):781-8.

doi: 10.1016/0304-4165(67)90052-9.

Wouters PC, Smelt JP. Inactivation of microorganisms with
pulsed electric fields: Potential for food preservation. Food
Biotechnol. 1997; 11(3): 193-229.
doi: 10.1080/08905439709549933.

Tyagi AK, Malik A. Morphostructural damage in food-
spoiling bacteria due to the lemon grass oil and its vapour:
SEM, TEM, and AFM investigations. Evid Based
Complement Alternat Med. 2012; 2012: 1-12.

doi: 10.1155/2012/692625.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tang YJ, Ashcroft JM, Chen D, Min G, Kim GH, Murkhejee
B, Larabell C, Keasling JD, Chen FF. Charge-associated
effects of fullerene derivatives on microbial structural
integrity and central metabolism. Nano Lett. 2007; 7(3):754-
760.

doi: 10.1021/n1063020t.

Jordan CA, Neumann E, Sowers AE. Electroporation and
Electrofusion in Cell Biology: Springer Science and Business
Media; 2013. 414-415.

Laroussi M, Mendis DA, Rosenberg M. Plasma interaction
with microbes. New J Phys. 2003; 5(2003): 41.1-41.10.
doi:10.1088/1367-2630/5/1/341

Andrews LS, Cadwallader KR, Gronder RM, Chung HY.
Chemical and microbial quality of irradiated ground ginger. J
Food Sci. 1995; 60: 829-832.

doi: 10.1111/j. 1365- 2621.1995.tb06240.x.

Abdel-Khalek HH. Effect of y-irradiation on the micro-
bial, chemical quality and the biological activity of some
spices and herbs. Department of Food Science Faculty of
Agriculture Cairo University Egypt. 2008; 53-73.

Lee JH, Sung TH , Kim MR. Effect of gamma-irrediationon
color pungency, and volatieles of korean red pepper powder.
J Food Sci. 2004; 69(8): 585-592.

doi: 10.1111/j.1365-2621.2004.th09904.x.

Minguez-Mosquera MI, Perez-Galvez A. Color quality in
paprika oleoresins. J Agric Food Chem. 1998; 46(12): 5124-
5127.

doi: 10.1021/jf980728n.

Hertwig C, Reineke K, Ehlbeck J, Erdogdu B, Rauh C,
Schluter O. Impact of remote plasma treatment on natural
microbial load and quality parameters of selected herbs and
spices. J Food Eng. 2014; 167(A): 12-17.

doi: 10.1016/j.j foodeng.2014.12.017.

Ricoa CW, Kima GR, Ahna JJ, Kimb HK. Furutac M, Kwona
JH. The comparative effect of steaming and irradiation on the
physicochemical and microbiological properties of dried red
pepper (Capsicum annum L.). J Food Chem. 2010; 119:1012-
1016.

doi: 10.1016/j.foodchem. 2009.08.005.

39. Pankaj SK, Wan Z, Keener KM. Effects of cold plasma
on food quality: A review. Foods. 2018; 7(4): 1-21.
doi:10.3390/foods7010004

253



https://www.nature.com/articles/srep38610#auth-1
https://www.nature.com/articles/srep38610#auth-2
https://www.nature.com/articles/srep38610#auth-3
https://www.nature.com/articles/srep38610#auth-4
https://doi.org/10.1016/j.ijfoodmicro.2012.12.002
https://doi.org/10.1088/0022-3727/41/9/092002
https://doi.org/10.1016/0963-9969(95)90801-G
https://doi.org/10.1016/0304-4165(67)90052-9
https://doi.org/10.1080/08905439709549933
https://doi.org/10.1088/1367-2630/5/1/341
https://doi.org/10.1111/j.1365-2621.1995.tb06240.x
https://doi.org/10.1111/j.1365-2621.2004.tb09904.x
https://doi.org/10.1016/j.jfoodeng.2014.12.017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29301243
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5789267/

Applied
4
L 4
o

APPLIED FOOD BIOTECHNOLOGY, 2019, 6 (4): 247-254

Research Article

pISSN: 2345-5357

Biotechnology

Journal homepage: www.journals.sbmu.ac.ir/afb

eISSN: 2423-4214

R b9y Olghe 4 (5 phuanedl HLES S s (lawdly 5 oolicianl L 0,8 Jald yl05 Sogll

Foliles ogls FTolss orhas as o ¢ givm Sloldl 8,50 < soue Mg

! el edhol ol3T olE2ils wietnlio amly (oS 5ub 05,8 -
Ol el Dol 8151 olEtils wrolin amly oK 5 oy oo Fmgy olS5L -Y
Sl e 5 eoodbl Sl3T olEtils cectolao wsly o olié il 5 psle 09,5 -V

Sl (Ol cgedlal 15T olKetals (i g pole aly dLonidly b lining 35 5 o5 olKiale] - F

Ao a6
YR 055 )Y el

Y Ve 4 gyl
Y ST VF iy

S b lg

3300 sl ®

s sl ®

oy Sagll e

BLesl

S 405 (6 phnns] 128 slodly
S Slgs

o8 Jals yoq,

J o ki 95

oL (mlao oy

axly 2lie mlis 5 pole 05,5

el 35T oSl wcesolio

ol ol

+AA-YV-FOFYO0N S« yals

+AA-YVV-FOFYYAY . : il

Sy il ey
moslehishad@safaiau.ac.ir

° .

A4

0 dos Sl e e Sos, LT sl 5t Lais jslane 4y g b ayssl olog Sogll ol B g Al
Jils 56y 5 (FE-DBD)' j5lis o5 52501 (S S0l oo dalsis (o pimcadl ,Lid cslanadly i1 e by 2l 5 i

LS 18 w2 0590 LS (6950 b annlie ;o 508

5 i ugbsily o A3 3 2105 (Fo5I) (sl o i Loy et 5k 4 3 gy 9 Sgo
Yog Ve o)e Saean ood Jild o 0520 glo GSelailiny b ol )l Som Ol s o ugg Dl upl ]
Lrgs Lol g Secm (6l s i ] cBlaie g 4335 1,5 FE-DBD (glawdly Liols s 4
By ) (e (loj) AbBo Ve Do @y 508 Jald o (o) o DNA (615 05lail 5 (g (59 58Ul ogSimg S
Lojloss 5l am g 8 ladiged (o (23 9 555 29,500 G2yled 85 )13 LS (595 s SokeS) + 9 Laadly

35 B orp 3590

225552 ey Gl b oile 03 (S (slo 55 (515 45 Wil cal 2 0Ll s 306 A g LISl
Yo oloj sl e =S @lo)‘u’fos_ﬂ D5 (P=e/00) Yo g Srals plaido Ve ol g 2L el
I3 a3 3| oy e 5 o 5551 5 Jsho fss0 ol o 5 o oo S5 b plosl i
S Sl gsmams 4o 0w gloudly L da 8o Vo Do 4y 2055 5 45 ol yLis s ools .ol casline (23,5
Sy st 4y 08 (e Jlab LlS 555 b o057y aiien |y 5,8 Jilh slo el ly ST sl 5925

2l Jgame CodS g mab )3 iS5 g (S sla gy (Sl Wl (e 5 Sl (S5 s ) i o)

5l i ol HLasl b das e xdlie (o)l g4 e a5 oS o el B ainy o s@e o ylad

'‘Atmospheric pressure floating-electrode dielectric-barrier discharge plasma

"Deformation

Cold floating-electrode dielectric-barrier discharge plasma


mailto:moslehishad@safaiau.ac.ir

