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Abstract  In this study, the possibilities of using cold 
plasma technology in solving the mold problem, which 
is one of the most important problems in Kashar cheese, 
were investigated. For this purpose Kashar cheeses were 
exposed to cold plasma with different gas compositions. 
As a result of the study 3–4 log reduction was achieved for 
both Aspergillus flavus and Penicillium crysogenum. The pH 
and aw values of samples were decreased with cold plasma 
application. The b* values of samples increased while L* 
and a* values decreased. When all the results obtained are 
considered as a whole, it can be said that cold plasma tech-
nology improves the physicochemical properties of Kashar 
cheese and provides significant decrease in mold count of 
the product.

Keywords  Cold plasma · Kashar · Aspergillus flavus · 
Penicillium crysogenum · Shelf-life

Introduction

Milk and dairy products are open to microbial spoilage 
due to their high nutritional content (protein, lactose, fat, 
etc.). For this reason, it is critical to ensure food safety in 
milk and its products. Thermal processes are widely used 
for this purpose. However, it is known that thermal pro-
cesses such as pasteurization and sterilization cause protein 
denaturation, loss of aroma, and problems in nutritional 

and physicochemical properties (Atik and Gumus 2021; 
Rocha et al. 2022). In order to minimize changes in nutri-
tional value and sensory properties, non-thermal technolo-
gies such as high hydrostatic pressure (HPP), pulse electric 
field (PEF), ultraviolet light, ultrasound, and plasma (cold 
plasma) have been used for microbial inactivation (Shab-
bir et al 2021). Non-thermal food storage methods cause 
minimal changes in dairy products’ sensory and nutritional 
properties, meeting consumer demand for less processed 
products (Akarca et al. 2022). Among the non-thermal tech-
nologies, cold atmospheric plasma is under broad considera-
tion. It has gained much importance due to its wide applica-
tion in various industries, especially for the decontamination 
and deactivation of enzymes for different food substrates, 
including milk and dairy products (Rathod et al. 2021).

Cheese is a nutritious and delicious food due to its high-
quality proteins, fats, vitamins such as A, B2, B12, and 
minerals such as calcium and phosphorus (Feeney et al. 
2021). Kashar cheese, one of the commonly fermented 
dairy products, is a semi-hard cheese type. (Yildirim-Mavis 
et al. 2022). Kashar cheese is a ’pasta filata’ type of Turkish 
cheese. In this type of cheese, the acidified curd is boiled 
in hot (75–80 °C) and salty (4–5%) water and kneaded to 
give the desired texture and shape. It is usually ripened for 
3–6 months. If conditions such as temperature and relative 
humidity are not well controlled during the ripening pro-
cess, surface contamination could be increased. This causes 
fungal growth on the cheese surface, damaging the prod-
ucts’ sensory properties and overall quality. Therefore, to 
reduce the commercial value loss, processes that will pro-
vide surface disinfection can be applied to prevent cheese 
contamination with microorganisms that cause spoilage 
(Ozturkoglu-Budak et al. 2021).

Molds are important spoilage organisms in dairy prod-
ucts, especially in low moisture products such as fermented 
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milk products and cheese. Generally, contamination occurs 
through environmental cross-contamination. Penicillium and 
Aspergillus species are the most common mold species asso-
ciated with spoilage in dairy products (Martin et al. 2022). 
Although chemical control has been the principal road of 
preventing mold growth on the food surface for many years 
(Marín et al. 2002), concerns about the use of chemicals 
are increasing day by day. Therefore, studies are being con-
ducted on alternative methods to prevent mold growth.

In recent years, applications such as biological protec-
tion, new packaging and improved sanitation programs have 
been used to reduce mold-induced spoilage in dairy products 
(Martin et al. 2022). In addition, it continues to be investi-
gated whether non-thermal decontamination methods such 
as ionizing radiation, cold plasma, high hydrostatic pressure, 
and pulsed electric field applications are alternatives to tra-
ditional methods (Raso and Barbosa-Cánovas 2003). Plasma 
refers to partially or fully ionized gas, mainly composed of 
photons, ions, free electrons, as well as atoms in their ground 
or excited state with a net neutral charge. Due to its unique 
properties, plasma, defined as the fourth state of matter, has 
a neutral charge (Rathod et al. 2021; Asl et al. 2022).

Plasma, which is a partially or completely ionized gas, is 
divided into thermal and non-thermal plasma according to 
its thermodynamic properties. Cold plasma technology is 
characterized by ionized gases containing active particles 
such as atoms, electrons, ions and reactive neutral species. 
It is a non-thermal and green process technology used as an 
alternative method to traditional methods and other potential 
applications in the food industry (Bao et al. 2021).

It is produced between electrodes using cold plasma 
(CAP), radio frequency (RF), dielectric barrier discharge 
(DBD), and microwaves (MW). Various gases such as oxy-
gen, helium and argon are also used in this process (Pankaj 
et al. 2014). Reactive groups formed by cold plasma cause 
the death of the microorganism by damaging the cell wall 
and cytoplasm membrane, DNA structure and proteins of 
the cell (Fernandez et al. 2013). In addition, the synergis-
tic effect of mechanisms including the production of ozone, 
charged particles, UV radiation, oxygen radicals and other 
reactive groups is also effective in the inactivation of micro-
organisms (Laroussi and Leipold 2004). In the literature, 
there is information about the use of cold plasma application 
in the food industry, especially to inactivate bacteria, yeast 
and molds. Also, cold plasma has an effect on biofilm forma-
tion and spores (Jiang et al. 2012). There are various studies 
on the inhibition of molds growing on the surface of foods 
with cold plasma application (Go et al. 2019; Mošovská 
et al. 2019).

In this study, It was aimed to investigate the possibili-
ties of using cold plasma technology in solving the mold 
problem, which is one of the most important problems in 
Kashar cheese.

Material and method

Material

Fresh Kashar cheeses used in the study were purchased 
from a local market in Afyonkarahisar, Turkey. Kashar 
cheeses were produced from cow’s milk and were cut into 
8 × 5 × 5 mm slices (length x width x thickness) with the help 
of a knife before processing. The flow diagram of the cold 
plasma application is shown in Fig. 1.

Microorganism strains used in the study

Mold species belonging to Penicillium crysogenum (ATCC 
10106), and Aspergillus flavus (ATCC 204304) strains were 
used in the study. All mold strains were obtained from the 
American Type Culture Collection. (ATCC, Rockville, MD, 
US). Stock cultures of mold strains were stored at − 20 °C. 
All strains were activated by cultivating in Malt Extract 
Agar (Merck, Germany, 105398) medium at 25 ± 0.1 °C for 
72–96 h before being used in the study.

Preparation of inoculum

For this purpose, mold species were taken from mold colo-
nies grown in the medium with the help of a sterile loop 
(Orlab, Turkey). Received colonies were suspended in ringer 
solution (Merck, Germany, 115525) until homogeneous tur-
bidity was formed. The density of the resulting inoculum 
suspension was adjusted with a densitometer (Biosan 1B, 
Turkey) to equal the 0.5 McFarland standard. Then, 1 mL 
(106–107 propagules/mL) of mold species was taken with the 
help of a sterile-tipped pipette (Research Plus, Eppendorf, 
Germany) and inoculated on the surface of Kashar cheese 
which was exposed to cold plasma. Following this, it was 

Fig. 1   Flow Chart of the Experiment
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spread homogeneously over the entire surface with the help 
of a sterile plastic drigalski spatula (Orlab, Turkey).

Cold atmospheric plasma application

Cold atmospheric plasma application was made according to 
the points stated by Gök et al. (2019). Two different gases, 
Argon and Oxygen, were used in the application. The gases 
were supplied from Afyonkarahisar province (Kocaşaban 
Gazları A.Ş., Afyonkarahisar, Turkey) and mixed in certain 
proportions and given to the system.

The power supply used was 25 kV, 42 kHz frequency and 
operated in continuous mode. Plasma application was made 
in a semicircular glass chamber with a radius of 28 mm. The 
area that the treatment took place was fixed to a stainless-
steel plate with a plastic ring of 46 mm diameter.

Seven 1 mm tungsten steel electrodes were used to pro-
duce the plasma, and one of the electrodes was placed hori-
zontally in front of the other six electrodes to create plasma 
between the anode–cathode tips. The temperature of the 
cheese samples during processing was controlled by using 
an infrared thermometer (˂ 24 °C) (Coleman-Parmer, Vernon 
Hills, IL) (Fig. 2).

In the study, only oxygen gas plasma was applied to KM1, 
KM2 and KM3 coded samples, and only argon gas plasma 
was applied to KM4, KM5 and KM6 coded samples. Mix-
ture plasma consisting of oxygen and argon gases at differ-
ent ratios was applied to the remaining samples. Applied 
gases, mixing ratios, and flow rates are shown in Table 1. 
The exposure times of the samples to the gases were deter-
mined as 100, 200 and 400 s. Each application was made in 
2 recurrences, 2 parallels, separately and on different days.

Preparation of samples for microbiological analysis

Mold species inoculated Kashar slices were placed in sterile 
stomacher bags (Stomacher Lab Blender 400, London, UK) 
after cold plasma application. Then, 10 g of the samples in 

the bags were weighed on a precision balance (Laboratory 
Balances, Radwag PS R2.H, Poland) and taken into another 
sterile stomacher bag. 90 mL of sterile Ringer’s solution 
(Merck, 115525, Germany) was added and homogenized for 
2 min in a stomacher (BagMixer® 400 P-080921247). Then, 
the mixture was diluted with Ringer’s solution by preparing 
serial dilutions at the desired ratios.

The same procedures were applied in the control group. 
In order to determine the number of molds inoculated on 
Kashar cheeses, samples were prepared in the same way, but 
plasma was not applied to these samples.

Determination of mold count

The spread plate technique was used to determine the count 
of molds. With the help of an automatic pipette with a sterile 
tip, 0.1 mL was taken from all the dilutions prepared and 
inoculated on the surface of Dichloran Rose Bengal Chlo-
ramphenicol (DRBC) Agar (Merck, 100466, Germany) in 
two parallel, then incubated at 22 °C for 5–7 days in the 
incubator (MM Incucell 55, Germany) under aerobic con-
ditions. At the end of the period, the colonies in the Petri 
dishes of 8–80 were counted separately, and the result was 
calculated by taking the arithmetic average (USP 2006).

Physicochemical properties

Mold inoculum was not applied was applied to the samples 
used for the determination of the physicochemical analysis 
of the Kashar cheese samples.

Fig. 2   The scheme of cold atmospheric plasma treatment (Gok et al. 
2019)

Table 1   Gases used in cold plasma processing and exposure time

Sample codes Gas type Expo-
sure 
time (s)

Control No plasma application 0
KM1 Oxygen (1 L/min) 100
KM2 Oxygen (1 L/min) 200
KM3 Oxygen (1 L/min) 400
KM4 Argon (1 L/min) 100
KM5 Argon (1 L/min) 200
KM6 Argon (1 L/min) 400
KM7 Argon/oxygen (0.25/0.75 L/min) 100
KM8 Argon/oxygen (0.25/0.75 L/min) 200
KM9 Argon/oxygen (0.25/0.75 L/min) 400
KM10 Argon/oxygen (0.5/0.5 L/min) 100
KM11 Argon/oxygen (0.5/0.5 L/min) 200
KM12 Argon/oxygen (0.5/0.5 L/min) 400
KM13 Argon/oxygen (0.75/0.25 L/min) 100
KM14 Argon/oxygen (0.75/0.25 L/min) 200
KM15 Argon/oxygen (0.75/0.25 L/min) 400
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pH value

After weighing 10 g of Kashar cheese sample, it was mixed 
with 10 mL distilled water and homogenized using a homog-
enizator (Daihan Wisestir, HS-30 T, South Korea). The pH 
values of the prepared mixtures were measured with a pH 
meter (Hanna, HI 2215 pH/ORP meter) (AOAC 2016).

Activity of water (aw) value

The aw values of the samples were determined with a water 
activity analyzer (Novasina LabTouch-aw, Lachen, Switzer-
land) (AOAC 2016).

Color analysis

Color values of cheese samples were determined using a 
colorimeter (Minolta Chroma Meter CR-400, Osaka). The 
measurements of the brightness (L*), redness (a*) and yel-
lowness (b*) values of the samples were made according to 
AOAC (2016).

Texture profile analysis (TPA)

Texture profile analysis (TPA) measurements of the samples 
were made with a Stable Micro Systems Texture Analyzer 
(Stable Micro Systems, Surrey, UK). Measurements were 
performed at 25 °C using Cusinga TA-XT2 texture analyzer 
equipped with a 25 kg load cell, cylindrical aluminum probe 
(aluminum cylinder probe P/50, 50 mm diameter; Stable 
Micro Systems LTD, Godalming, UK). Pre-test, test, and 
post-test speeds were set at 5, 1, and 5 mm/s, respectively. 
The samples were compressed to 50% of their original 
height with 5 s between two compressions. The hardness 
(N), adhesiveness (g.s), cohesiveness, springiness, chewi-
ness (N) and gumminess (N) values of the samples were 
determined (Eroğlu et al. 2015).

Statistical analysis

The results obtained in the study were made in 2 recur-
rences, 2 parallels and SPSS software program V 23.0.0 
was used for the variance analysis. A significant difference 
was determined by Duncan’s multiple range tests (P < 0.05).

Results and discussion

Molds are one of the microbiological factors affecting the 
shelf life of fresh Kashar cheese. In order to determine the 
effect of cold plasma application on the microbial quality 
of cheese, A. flavus and P. crysogenum molds were inocu-
lated and studied. In line with the data obtained after the 

application 3–4 log reduction was achieved for both mold 
types. The change in mold count after the application is 
given in Table 2, and the correlation and variation results of 
mold development are given in Table 3.

In A. flavus inhibition, the application time was important 
(P < 0.001), while the gas composition was not important 
(P > 0.001). While A. flavus load was 5.07 log cfu/cm2 in the 
control sample, the highest decrease (1.57 log cfu/cm2) was 
detected in the application of 100% Oxygen for 400 s. The 
least decrease was found in the application of 100% Argon 
for 100 s with 2.64 log cfu/cm2.

While the initial load was 5.06 log cfu/cm2 for P. crys-
ogenum, a reduction of 0.85 log cfu/cm2 was achieved. The 
maximum inhibition was detected in the application of 100% 
Oxygen for 400 s and the least inhibition was detected in the 
application of 100% Argon for 100 s.

Cold plasma application was effective in inhibition of 
both A. flavus and P. crysogenum. Cold plasma application 
has an antifungal effect by breaking down the cell wall. In 
plasma application, the oxygen in the air plasma causes the 
formation of peroxide and lethal species such as O*, O2, 
O3. In addition, the accumulation of charged particles on 
the outer cell membrane, electrostatic forces could cause 
subsequent rupture of the cell membrane and subsequent cell 
death (Devi et al. 2017). DNA damage caused by UV radia-
tion produced during plasma is also thought to be effective 
in microbial inactivation (Liao et al. 2017).

In a similar study on meat, A. flavus load was reduced 
from 5.24 log cfu/g to 2.06 log cfu/gr, and a 3-log 

Table 2   Mold count inoculated on fresh Kashar cheese after cold 
plasma application (log cfu/cm2)

a-j (↓): Values with the different letters in the same column for each 
analysis differ significantly (P < 0.05)

Samples Aspergillus flavus Penicillium crysogenum

Control 5.07 ± 0.08a 5.06 ± 0.80a

KM1 2.27 ± 0.05cde 2.08 ± 0.16ef

KM2 2.11 ± 0.03def 1.48 ± 0.09hi

KM3 1.57 ± 0.05j 0.85 ± 0.11j

KM4 2.64 ± 0.14b 3.03 ± 0.23b

KM5 1.95 ± 0.08fgh 2.47 ± 0.08c

KM6 1.59 ± 0.05j 1.87 ± 0.12 fg

KM7 2.34 ± 0.04 cd 2.50 ± 0.14c

KM8 2.07 ± 0.02ef 2.26 ± 0.06cde

KM9 1.69 ± 0.16ij 2.12 ± 0.05def

KM10 2.37 ± 0.11c 2.32 ± 0.14cde

KM11 1.88 ± 0.15fghi 1.87 ± 0.07 fg

KM12 1.75 ± 0.17ghij 1.71 ± 0.03gh

KM13 2.40 ± 0.04c 2.38 ± 0.06 cd

KM14 1.99 ± 0.09 fg 2.12 ± 0.16def

KM15 1.73 ± 0.18hij 1.36 ± 0.08i
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reduction was achieved (Yong et al. 2017). Ulbin-Figle-
wicz et al. (2015) applied cold plasma to the meat surface 
using helium gas and provided a 2 log reduction in the 
total yeast mold load. It was reported that cold plasma 
application on peanuts resulted in a 97.9% and 99.3% 
reduction in the growth of A. parasiticus and A. flavus, 
respectively (Devi et al. 2017). The effect of non-ther-
mal plasma application on the inactivation of Aspergil-
lus spores in black pepper was investigated, and it was 
reported that a 3-log reduction was achieved after 4 min 
of application (Tanino 2019).

The pH, aw, and color values of the samples are given 
in Table 4, and the correlation and variation results of the 
results are given in Table 3.

When pH values were examined, it was determined that 
cold plasma application caused a decrease in pH values. 
While the pH of the control sample was 5.49, the lowest pH 
was measured as 5.12 in the application of 50% Argon / 50% 
Oxygen for 400 s (P < 0.05). The increase in H+ ions dur-
ing cold plasma application is thought to be effective in this 
decrease in pH value. Reactive species produced by plasma, 
mainly with acidic properties such as nitric acid (HNO3) and 
nitrous acid (HNO2), are responsible for the pH decrease. 

Table 3   Correlation and variation results of the analysis applied on mold growth, pH, aw, colour and TPA values of fresh Kashar cheese

r: correlation coefficient, P < 0.0001: Statistically too much significant, P < 0.01: Statistically too significant, P < 0.05: Statistically significant, 
P > 0.05: Not statistically significant, ns: Not statistically significant, *: P < 0.05; **: P < 0.01

Source of variation Aspergillus flavus Penicillium crysogenum

P value r P value r

Samples (S) < 0.0001 −0.166 < 0.0001 −0.218
Gas composition (G) < 0.0001 0.209* < 0.0001 0.348*
Exposure time (E) < 0.0001 −0.777** < 0.0001 −0.865**
E x G < 0.0001 – < 0.0001 –
E x S 0.515 – 0.537 –
G x S 0.01 – < 0.0001 –
E x G x S 0.022 – 0.011 –

Source of Vari-
ation

pH aw L*Value a*Value b* Value

P value r P value r P value r P value r P value r

Samples (S)  < 0.0001 0.286*  < 0.0001 0.356*  < 0.0001 0.195  < 0.0001 0.253  < 0.0001 0.124
Gas composi-

tion (G)
 < 0.0001 0.443**  < 0.0001 0.413**  < 0.0001 0.253*  < 0.0001 −0.126  < 0.0001 0.15

Exposure time 
(E)

 < 0.0001 0.365**  < 0.0001 0.290**  < 0.0001 -0.355**  < 0.0001 −0.422**  < 0.0001 −0.354**

E x G  < 0.0001 – 0.093 –  < 0.0001 – 0.003 –  < 0.0001 –
E x S 0.01 – 0.021 –  < 0.0001 – 0.045 –  < 0.0001 –
G x S 0.035 – 0.01 –  < 0.0001 – 0.012 –  < 0.0001 –
E x G x S 0.043 – 0.04 – 0.01 – 0.035 – 0.02 –

Source of 
Variation

Hardness (N) Adhesiveness Springiness (mm) Cohesiveness Gumminess (N) Chewiness

P value r P value r P value r P value r P value r P value r

Samples (S)  < 0.0001 0.152  < 0.0001 0.154  < 0.0001 0.203  < 0.0001 0.187  < 0.0001 0.138  < 0.0001 0.090
Gas composi-

tion (G)
 < 0.0001 0.153  < 0.0001 0.887  < 0.0001 0.887  < 0.0001 0.235  < 0.0001 0.193  < 0.0001 −0.136

Exposure time 
(E)

 < 0.0001 -0.387** 0.404 0.454** 0.001 0.454**  < 0.0001 0.470**  < 0.0001 −0.343**  < 0.0001 0.464**

E x G 0.007 –  < 0.0001 – 0.598 – 0.252 – 0.030 – 0.006 –
E x S 0.047 – 0.266 – 0.643 – 0.187 – 0.018 – 0.032 –
G x S 0.134 – 0.546 – 0.823 – 0.395 – 0.056 – 0.021 –
E x G x S 0.353 – 0.697 – 0.913 – 0.567 – 0.143 – 0.047 –
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The results were in accordance with Wang et al. (2022). It 
was determined that cold plasma application reduced aw in 
Kashar cheese (P < 0.05). The aw value was decreased as 
the plasma exposure time increased. The lowest aw value 
was measured as 0.886 in the application of 100% Oxygen 
for 400 s. aw reduction caused drying on the surface due to 
gas circulation. This situation was thougt to be caused by 
the ability of O2 and Ar gases used in plasma application 
to take up free water molecules on the cheese surface. (Lee 
et al. 2020).

L* value, which is an indicator of whiteness in foods, 
decreased depending on both the gas concentrations used 
and the application time (Table 4; P < 0.05). It is thought 
that drying on the surface is responsible for the decrease in 
L* values. In addition, lipid oxidation can cause browning 
in foods, brown colored oxypolymers obtained from milk 
proteins are responsible for the decrease in L* value (Yong 
et al. 2015). Similarly, a statistically significant decrease 
was observed in a* value (P < 0.001). The lowest a* value 
was determined as 0.93 in the 100% Oxygen 400 s applica-
tion. In a similar study, it was determined that increasing 
the exposure time to plasma treatment decreased the a* val-
ues (redness) of beef and pork meat samples and increased 
the b* values. It was stated that the reaction of hydrogen 
peroxide formed during plasma application with myoglobin 
may be effective in this change (Jayasena et al.2015). On the 
other hand, a significant increase was determined in the b* 
value. Oxidation caused by plasma treatment is responsible 
for the increase in b* value (Lee et al. 2012). High b* value 

is an indicative of non-enzymatic milk reactions, so the use 
of low oxygen concentrations in plasma application is rec-
ommended to prevent fat and protein oxidation (Nikmaram 
and Keener 2022). The highest increase was determined in 
the application of 100% Oxygen for 400 s and the lowest 
increase was determined in the application of 50% Argon 
/ 50% Oxygen for 100 s. The application of 100% O2 for 
400 s was the most effective application on the color of the 
Kashar cheese. The results are similar to Heo et al. (2021) 
and Kim et al. (2015).

TPA results of the samples are given in Table 5, correla-
tion and variation results are given in Table 3. The gas com-
position used and the application time caused a statistically 
significant change on hardness (P < 0.05). Hardness value 
was increased. Decreased aw is one of the main reasons for 
the increase in the hardness value of the product. Depending 
on the drying and hardening of the product, a decrease was 
detected in the adhesiveness values. The hardness value was 
increased in almond slices treated with cold plasma using Ar 
gas. It was stated that the reason for this increase might be 
related to the reaction between the moisture content of the 
almond species and the plasma types and then the conver-
sion of moisture to other compounds (Shirani et al. 2020). 
As the cold plasma application time increased, the decrease 
in the adhesiveness value increased. It was determined that 
the application of 75% Argon/25% Oxygen for 100 s had the 
same springiness characteristics as the control, while 100% 
Oxygen for 400 s had the highest springiness value. Both the 
application time and the gas composition used were effec-
tive for the cohesiveness, gumminess and chewiness values 
(P < 0.001). It was determined that there was an increase 
in all three values as the application time increased. The 
highest chewiness value was determined in the application 
of 100% Oxygen for 400 s. Treatment of Kashar cheese 
for 400 s using 100% O2 gas in cold plasma was the most 
effective application in improving the textural properties of 
Kashar cheese. In addition, studies show that nonthermal 
processes improve the sensory properties of kashar cheese 
(Rocha et al. 2022).

Conclusion

Molds are the most critical spoilage factor in cheeses with 
low aw value, such as Kashar cheese. Molds contaminated 
by cross-contamination during post-production stages 
can develop rapidly in the product. Cold plasma applica-
tion was carried out in order to prevent mold growth in 
Kashar cheese. It was determined that cold plasma appli-
cation with different gas compositions was effective in 
the inactivation of A. flavus and P. crysogenum. A reduc-
tion of 3–4 logs was achieved for both mold types. On the 
other hand, the applied process also had an effect on the 

Table 4   pH, aw and color values (L*,a*and b*) of fresh Kashar 
cheese after cold plasma application

a–j (↓): Values with the different letters in the same column for each 
analysis differ significantly (P < 0.05)

Samples pH aw L* a* b*

Control 5.49 ± 0.04a 0.900a 87.83a 1.67a 12.33f

KM1 5.36 ± 0.07b 0.894def 86.85cd 1.54bc 12.63e

KM2 5.35 ± 0.03b 0.891gh 85.13hı 1.30fg 13.21c

KM3 5.15 ± 0.01ef 0.886i 83.89k 0.93ı 14.54a

KM4 5.44 ± 0.06a 0.898b 87.15b 1.63b 12.38ef

KM5 5.34 ± 0.03b 0.895bcde 86.73de 1.52cd 12.47ef

KM6 5.30 ± 0.01bc 0.892fg 85.49g 1.31 fg 12.95d

KM7 5.37 ± 0.03b 0.895bcde 86.96bc 1.55bc 12.39ef

KM8 5.31 ± 0.08bc 0.892fg 86.48f 1.35 fg 12.89d

KM9 5.25 ± 0.02 cd 0.889 h 84.35j 1.01i 13.72b

KM10 5.36 ± 0.01b 0.896bcd 87.06bc 1.59abc 12.37f

KM11 5.24 ± 0.01cd 0.895bcde 89.60ef 1.39ef 12.50ef

KM12 5.12 ± 0.03f 0.893efg 84.91ı 1.18 g 13.57b

KM13 5.47 ± 0.02a 0.897bc 87.11b 1.62abc 12.38ef

KM14 5.31 ± 0.01bc 0.896bcd 86.65def 1.45de 12.40ef

KM15 5.20 ± 0.04de 0.894cdef 85.27 h 1.28f 13.48b
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physicochemical properties. A decrease was observed in 
pH and aw values. At the same time, while L*, a* val-
ues decreased, b* values increased. Depending on the gas 
composition used and the application time, cold plasma 
application improved the textural properties of Kashar 
cheese. In line with these data, cold plasma application 
can be used to extend the shelf life of Kashar cheese. Fur-
thermore, studies could be conducted with different gas 
compositions and times to determine the process param-
eters that will cause a minimum change in physicochemi-
cal properties.
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