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Cold Plasma Technology and Its Effects
on Some Properties of Milk and Dairy
Products

Soguk Plazma Teknolojisinin Sit ve Sit Urtinlerinin
Bazi Ozellikleri Uzerine Etkileri

ABSTRACT

This review covers cold plasma techniques as a non-thermal processing technique and their
effects on the microbiological and chemical properties of some dairy products, as well as sensory
properties. Beforehand, the techniques used to generate cold plasma and its types and mode of
action were also mentioned to make the reader become familiar with the subject. So far, limited
results have shown that cold plasma techniques are able to reduce the number of some patho-
gens important to dairy technology such as Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes, etc., depending on the type of technique and application time. However, the
effect of cold plasma application on physical, chemical, and sensory properties is still controver-
sial. More research needs to be conducted to reveal the extent of the effectiveness of cold plasma
techniques on the quality of dairy products.

Keywords: Cold plasma, corona discharge, dielectric barrier discharge, microwave discharge,
plasma jet
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Bu derleme, termal olmayan bir isleme teknidi olan soguk plazma tekniklerini ve bunun bazi
st Urlnlerinin mikrobiyolojik ve kimyasal ozellikleri ile duyusal ozellikleri Gzerindeki etkile-
rini kapsamaktadir. Calismada 6ncelikle soguk plazma tretmek igin kullanilan tekniklerden ve
soguk plazma tirlerinden ve etki bigimlerinden bahsedilmistir. Simdiye kadar gergeklestirilen
calismalardan elde edilen sinirli sonuglar, soguk plazma tekniklerinin, teknigin tiriine ve uygu-
lama stliresine baglh olarak Escherichia coli, Staphylococcus aureus, Listeria monocytogenes gibi
slit teknolojisi igin oldukga onemli olan bazi patojenlerin sayisini azaltabildigini gostermistir.
Ancak soguk plazma uygulamasinin fiziksel, kimyasal ve duyusal 6zellikler izerindeki etkisi halen
tartigmalidir. Soguk plazma tekniklerinin sit Griinlerinin kalitesi Uzerindeki etkinliginin kapsamini
ortaya koyabilmek igin daha fazla arastirma yapilmasi gerekmektedir.

Anahtar Kelimeler: Soguk plazma, korona desarji, dielektrik bariyer desarji, mikrodalga desarij,
plazma jeti

Introduction

Milk and dairy products are foods with high nutritional value, containing carbohydrates (lactose), fatty
acids, and high-quality protein, as well as important micronutrients such as vitamins, minerals, and
trace elements. The initial microbial load of the milk and the environmental factors such as the equip-
ment used during milking and the environment in which the milking takes place can cause the raw milk
to contain microorganisms at a level that may pose a health risk during the period until it is processed
into the product. This microorganism load may also cause some sensory defects in milk and dairy
products (Rathod et al., 2021). In addition, some enzymes such as lipase and alkaline protease in raw
milk can cause structural and sensorial defects in milk and dairy products, leading to significant quality
losses during processing, ripening, and storage of the product (Thirumdas & Annapure, 2020). There-
fore, microorganisms and enzymes in raw milk must be inactivated at a certain level in order to ensure
food safety, minimize sensory defects, and extend the shelf life of the product (Coutinho et al., 2018).
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In the dairy industry, heat treatment techniques such as pasteur-
ization, HTST (High temperature short time), LTLT (Low tempera-
ture long time), and UHT (Ultra high temperature) are generally
applied for microorganism and enzyme inactivation, depending
on the dairy product to be processed (Rathod et al., 2021). Such
heat treatment applications are known as the most energy-con-
suming technologies in the food industry (Picart-Palmade et al.,
2019) and may cause not only some nutritional losses in milk but
the formation of undesirable sensory qualities such as bitterness
and gelling in the final product (Misra et al., 2016; Rathod et al.,
2021). In recent years, some novel techniques such as ohmic
heating, high hydrostatic pressure, pulse electric field, and ultra-
sound have been developed in order to reduce the abovemen-
tioned effects (Coutinho et al., 2018). These technologies, which
are generally called non-thermal techniques, aim at minimizing
the negative effects on the nutritional value and quality charac-
teristics of the products while meeting the necessary food safety
and shelf life demands (Misra et al., 2016b). Cold plasma technol-
ogy, on the other hand, is one of the newest techniques among
these techniques. Unlike other non-thermal processes, it has
some important advantages such as the need for shorter times in
treatment, the need for no chemicals and water (Lee et al., 2021),
and being applied at ambient temperature (Misra et al., 2016b).

In this review, the principle, mode of action of cold plasma tech-
nology, and its effects on microbiological, physicochemical, bio-
chemical, and sensory properties of milk and dairy products are
discussed.

Plasma Technology and Cold Plasma

Plasma application is based on exposing food or food surfaces to
plasma, which is accepted as the fourth state of matter (Lee et al,,
2021). Plasma is obtained by transforming a gas into an ionized
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gas containing atoms, ions, and electrons by providing sufficient
energy (Misra et al., 2016a). There are several plasma techniques,
each of which has different advantages or disadvantages.

By application temperature, it can be classified as a thermal or
cold (low temperature) plasma technique. In the former tech-
nigue, highly ionized species are in thermodynamic equilibrium
with each other (Pankaj et al,, 2018). Latter, on the other hand,
is defined as plasma at room temperature due to the non-equi-
librium between ions and unionized species, although the tem-
perature of the electrons is high (Sharma & Singh, 2020). High
pressure (>10° Pa) and very high energy (up to 50 MW) are needed
to obtain thermal plasma. Besides, cold plasma is produced at
30-60°C and requires lower energy consumption compared to
thermal plasma (Coutinho et al., 2018; Misra et al., 2016b). It is
preferred especially in heat treatment-sensitive food products
since ions and neutral molecules gain very low energy and remain
stable at low temperatures in this application (Phan et al., 2017).

Considering the pressure conditions, this technique can be clas-
sified as high pressure, atmospheric pressure, and low-pressure
plasma. Atmospheric plasma is generally preferred in practice
because it eliminates the energy and cost required to create low
or high pressure (Pankaj et al.,, 2018).

Cold plasma is produced by multiple techniques such as plasma
jets, dielectric barrier discharge, corona discharge and microwave
discharge (Corradini, 2020). All these discharges are initiated and
sustained by electron collision processes under the influence of
certain electric or electromagnetic fields (Misra et al., 2016a).

Although plasma jets (Figure 1A) may consist of a single elec-
trode, they usually contain two electrodes and produce small
“plasma flames” in the radio frequency range. The electrode gap
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Different Cold Plasma Systems: (A) Plasma Jet, (B) Dielectric Barrier Discharge, (C) Corona Discharge, and (D) Microwave Discharge (Modified from Coutinho

etal, 2018; Misra et al., 2016a; Surowsky et al., 2015).
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is usually a few millimeters, and the process gas (usually noble
gases) is ignited at voltages of ~100 V. The biggest advantage of
plasma jets is that they are small in size and can penetrate into
narrow spaces (Surowsky et al., 2015).

In the dielectric barrier discharge (Figure 1B), plasma is produced
between two electrodes separated by a dielectric. In this system,
the process gas used, the distance between the electrodes and
the electrical operation of the discharge are important process
parameters. The biggest advantages of dielectric barrier dis-
charges are that many different gases can be used to obtain this
sort of plasma, relatively low gas flow is required, homogeneous
discharges can be ignited for several meters, and can be adapted
to different electrode geometries. However, depending on the
distance between the electrodes, relatively high ignition voltages
(10 kV) may be required in some cases. In such cases, it is neces-
sary to take important measures by providing isolation (Surowsky
et al,, 2015). The dielectric barrier discharge is especially ideal for
large surfaces (Coutinho et al., 2018).

Corona discharges (Figure 1C) are seen near large sharp electrode
geometries under atmospheric pressure. There is an electric field
large enough to accelerate the ionization level of the atoms or
molecules of the gas surrounding the electrons. Cylindrical geom-
etries or sharp, curved electrodes and flat electrodes are generally
used in corona discharges. Being produced with simple devices
with very low initial investment and operating costs appears to
be an important advantage of this technique. However, it can be
applied in small areas and non-uniformly is considered as a sig-
nificant disadvantage (Coutinho et al., 2018; Surowsky et al., 2015).

Microwave discharges (Figure 1D) are produced without an elec-
trode, unlike plasma jets, dielectric barrier discharges, and corona
discharges. The microwaves produced by amagnetron are directed
into the process chamber via a waveguide or a coaxial cable. Elec-
trons in the process gas absorb these microwaves, leading to
an increase in kinetic energy and, therefore, to the formation of
ionization reactions with the collisions that occur. Depending on
the microwave energy consumed here, neutral gas temperatures
ranging from room temperature to about 1000 K can be reached.
The biggest advantages of microwave discharges are that they
can be installed without electrodes and can be ignited in the air
or even with water vapor. In addition, their gas consumption is
moderate and they can produce a high amount of reactive species
depending on the discharge gas used. However, the necessity of
using a series of discharges to ensure its applicability in large areas
is a disadvantage of microwave discharges (Surowsky et al., 2015).

The properties of the produced plasma vary depending on factors
such as the power source used, the parameters applied, and the
composition of the gases (Pedrow et al., 2020). However, since
dielectric barrier discharge and plasma jets are easierto construct,
can operate continuously, and some configurations are commer-
cially available, the use of cold plasma obtained from them in food
products is more emphasized (Corradini, 2020; Misra et al., 2016).

Mode of Action of Cold Plasma

The effectiveness of cold plasma is basically based on the pro-
duction of ultraviolet radiation, reactive oxygen species (ozone,
hydrogen peroxide, singlet oxygen, peroxyl and hydroxyl radicals,
etc.), and reactive nitrogen species (nitric oxide, peroxynitrite,
peroxynitrous acid, etc.) (Misra & Jo, 2017; Misra et al,, 2019).
These reactive species formed cause some important physical,
chemical, and microbiological changes in milk and dairy products.

One of the most important changes is the deformation of the
microbial cell surface, damage to the intracellular genetic mate-
rial, and ultimately the death of the cell by lysis (Coutinho et al.,
2018; Timmons et al., 2018). In addition, many different atoms,
metastable, radical, electronically, and vibrationally excited mol-
ecules, including short- and long-lived neutral reactive species,
can also contribute to the antimicrobial effect (Misra & Jo, 2017).

Also, plasma-reactive species (free radicals) have the potential
to inactivate enzymes (Thirumdas et al.,, 2015). These reactive
species cause modifications in amino acids through chemical
reactions such as oxidation, sulfonation, and hydroxylation. It is
stated that cold plasma specifically targets the secondary struc-
ture of enzymes (a-helix and p-sheet) (Thirumdas & Annapure,
2020). Binding and catalysis are inhibited due to the structural
change seen in enzyme active sites with the exposure of proteins
to radicals (Bubler et al., 2017; Khani et al., 2017). Rodacka et al.
(2016) reported that the greatest effect on enzyme inactivation
was seen in the presence of reactive oxygen species.

Plasma-produced reactive oxygen species, such as hydroxyl radi-
cals, hydrogen peroxide, and superoxide anions (Attri et al., 2015),
can also interact with lipids in foods and cause lipid oxidation
(Gavahian et al,, 2018). This situation has the potential to cause
some undesirable changes such as deterioration of sensory prop-
erties, especially in dairy products with high fat content such as
cream and butter. The primary target of reactive oxygen species
is the methyl groups of fatty acids. Especially fatty acids with dou-
ble bonds are more sensitive to reactive oxygen species. Linoleic
acid (18:2) containing two double bonds and a-linolenic acid (18:3)
containing three double bonds are the most sensitive fatty acids
(Gavahian et al., 2018).

Some researchers expect an increase in the acidity of the prod-
uct due to the chemical interactions between reactive species
such as hydrogen peroxide and nitric acid formed during plasma
production (Thirumdas & Annapure, 2020). However, no acidity
change was observed in other studies (Gurol et al., 2012; Segat
et al,, 2016). This is thought to be due to the difference in the
plasma source used and the applied process parameters.

The Effects of Cold Plasma on Milk and Dairy
Products

There are a limited number of studies examining the effects of
cold plasma application on the physical, chemical, and microbio-
logical properties of milk and dairy products (Table 1).

The majority of these studies are on the inhibition of the most
common pathogens in milk and dairy products. Cold plasma sig-
nificantly reduces the number of pathogens such as E. coli (Gurol
et al, 2012; Kim et al,, 2015; Lee et al,, 2012), E. coli O157:H7
(Yong et al., 2015), Staphylococcus aureus (Lee et al., 2012),
Listeria monocytogenes (Kim et al, 2015; Yong et al.,, 2015),
Salmonella Typhimurium (Kim et al., 2015; Yong et al., 2015), Lis-
teria innocua (Wan et al., 2019), and Cronobacter sakazakii (Chen
et al,, 2019) in products such as milk, cheese, milk powder, and
whey beverages, depending on the technique applied, the type
of gas used, and the application time. In products with high sur-
face roughness, such as cheese, it is thought that the micro-
structure provides a suitable environment for bacterial cells to
adhere to the surface and reduces the effectiveness of the pro-
cess by protecting the bacteria from the effects of cold plasma
(Wan et al., 2019).
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Cold plasma application is also effective on pH, minor compo-
nents, enzyme, and volatile components of milk and dairy prod-
ucts mostly depending on the application time. The application
of cold plasma (dielectric barrier discharge) for 5 and 10 minutes
in whole milk decreased the pH values with no major changes
in lipid oxidation (Kim et al.,, 2015). It was also observed that the
application of cold plasma (dielectric barrier discharge) for dif-
ferent times (0, 3, 6, 9, 12, and 15 minutes) in raw milk increased
the total aldehyde content after 20 minutes of application
(Korachi et al., 2015). Similarly, the thiobarbituric acid reac-
tive substance content, which is an indicator of lipid oxidation,
increased in sliced Cheddar cheeses, by 30% after an additional
7.5 minutes of plasma application (Yong et al., 2015). In another
study (Sarangapani et al., 2017), when milk fat was treated with
atmospheric cold plasma (dielectric barrier discharge) for 3-30
minutes, it was observed that secondary oxidation products
were released in the samples with only 30 minutes of applica-
tion. With the release of oxidation products (2-nonenal, azelaic
acid, 9-oxononanoic acid, nonanoic acid, and octanoic acid), a
decrease in the amount of oleic, palmitoleic, and linoleic acids
occurred. Cold plasma application increased the bioactive and
volatile component content of guava-flavored whey samples
(Silveiraetal.,2019). Its application at low flow rates and for short
periods increased the vitamin C content and antioxidant activ-
ity of the samples but decreased the carotenoid content, result-
ing in a less acceptable fatty acid profile. On the other hand,
higher flow rate and application times decreased the vitamin C
and volatile component content of the samples, while increas-
ing the carotenoid content and ACE (angiotensin-I-converting
enzyme)-inhibitory activity. Cold plasma application had a
reducing effect on the HMF (hydroxymethylfurfural) value of the
xylooligosaccharide-added whey beverage, but increased the
antioxidant and ACE-inhibitory activities, compared to the pas-
teurization process, and these effects were enhanced with the
increase of the application time (Ribeiro et al., 2021). In skimmed
milk powder, no changes in the amino acid composition or phe-
nolic acid content occurred with cold plasma application for 120
seconds (Chen et al., 2019).

Limited studies revealed that cold plasma applications have dif-
ferent effects on the sensory properties of milk and dairy prod-
ucts. On one hand, it negatively affects the taste, odor, and overall
acceptability of cheese (Lee et al., 2012; Yong et al., 2015), on the
other hand, there was a positive effect in whey beverages con-
taining oligosaccharides (Ribeiro et al., 2021). Some research-
ers reported no noticeable changes in color parameters in milk
samples containing different amounts of fat (Gurol et al., 2012),
cheese (Lee et al.,, 2012; Yong et al., 2015), milk powder (Chen
et al.,, 2019) and whey beverage (Ribeiro et al., 2021), the changes
in, while others (Kim et al.,, 2015) reported an increase in the L*
and b* values of the dairy products samples and a clear decrease
in the a* value in whole milk. In contrast, no noticable effect of
cold plasma was observed in color parameters in milk samples
containing different amounts of fat (Gurol et al., 2012), cheese
(Lee et al., 2012; Yong et al., 2015), milk powder (Chen et al., 2019)
and whey beverage (Ribeiro et al., 2021).

When the cold plasma technique is considered as a sanitation
application in the dairy industry, it has been shown to have a
lower degree of effectiveness than peracetic acid, a widely used
chemical in sanitation (Lee et al.,, 2021). With the application of
peracetic acid, a 7-log reduction was recorded in the count of two
microorganisms (three different strains of S. aureus and one strain

of L. monocytogenes) in a short time (10 seconds). Cold plasma
application, on the other hand, yield a very low bactericidal effect,
only a 1-2 log reduction was achieved after 120 seconds of appli-
cation. It is pointed out that RNA and DNA damage occurred in
cells and esterase activity decreased with the application of per-
acetic acid, while cold plasma application had no such effect on
the mentioned parameters.

The enzyme inactivation efficiency of cold plasma was investi-
gated in a solution prepared using a commercial alkaline phos-
phatase enzyme, which is specific to milk and obtained from
bovine intestinal mucosa (Segat et al.,, 2016). The plasma obtained
by dielectric barrier discharge was applied at three different volt-
ages, 40, 50, and 60 kV, between 15 seconds and 5 minutes.
The results indicated that enzyme inactivation was achieved by
45%-50% at the end of 120 seconds and by 90% at the end of 180
seconds at all applied voltages. In the meantime, no change in
the pH of the solution was observed and the highest temperature
recorded during the application was 30°C.

Conclusion and Recommendations

Cold plasma technology, which is considered one of the newest
among non-thermal (thermal) techniques, has special impor-
tance especially for milk and dairy products as it has significant
advantages compared to thermal methods. However, studies on
the subject have generally focused on the antimicrobial effect
of cold plasma, and the changes in the physical, chemical, and
sensory properties of the final product have not been adequately
addressed until today. The results of the studies, some of which
have been summarized in this review, showed that cold plasma
has different effects on the microbiological, physicochemical,
biochemical, and sensory properties of milk and dairy products.
The type and concentration of reactive species that can be found
in the plasma vary depending on many factors such as the gas or
gas mixtures in which the plasma is induced, the configuration of
the source used in the production, and the applied voltage and
time. Therefore, obtaining different results in studies is closely
related to the method of obtaining the applied plasma, the pro-
cess parameters, and also the microorganism species examined.

As a result, more studies are still required to reveal the changes
in milk and dairy products due to cold plasma application. In par-
ticular, the examination of fat oxidation and therefore the volatile
compounds originating from fat emerges as a new research topic
as a potential for acceleration of cheese ripening.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — N.K;; Design - N.K;; Supervision —
Y.K.A,; Resources — N.K;; Data Collection and/or Processing — N.K.; Analy-
sis and/or Interpretation — N.K,, Y.K.A,; Literature Search — N.K.; Writing
Manuscript — N.K,; Critical Review — N.K,, Y.K.A.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: The authors declare that this study had received no financial
support.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir — N.K; Tasarim — N.K,; Denetleme - Y.K.A.; Kaynaklar
- N.K;; Veri Toplanmasi ve/veya islemesi - N.K; Analiz ve/veya Yorum —
N.K., Y.KA;; Literatiir Taramasi - N.K; Yaziyl Yazan — N.K,; Elestirel inceleme
- N.K, Y.KA.

Cikar Catismasi: Yazarlar gikar gatismasi bildirmemislerdir.

Research in Agricultural Sciences 2023 54(2): 89-94 | DOI: 10.5152/AUAF.2023.22028



94

Finansal Destek: Yazarlar, bu galisma icin finansal destek almadiklarini
beyan etmislerdir.

References

Attri, P, Kim, Y. H., Park, D. H., Park, J. H., Hong, Y. J., Uhm, H. S., Kim, K.
N., Fridman, A, & Choi, E. H. (2015). Generation mechanism of
hydroxyl radical species and its lifetime prediction during the
plasma-initiated ultraviolet (UV) photolysis. Scientific Reports, 5,
9332. [CrossRef]

BuBler, S., Ehlbeck, J., & Schliter, O. K. (2017). Pre-drying treatment of
plant related tissues using plasma processed air: Impact on enzyme
activity and quality attributes of cut apple and potato. Innovative
Food Science and Emerging Technologies, 40, 78-86. [CrossRef]

Chen, D., Peng, P, Zhou, N., Cheng, Y., Min, M., Ma, Y., Mao, Q., Chen, P,
Chen, C., & Ruan, R. (2019). Evaluation of Cronobacter sakazakii inac-
tivation and physicochemical property changes of non-fat dry milk
powder by cold atmospheric plasma. Food Chemistry, 290, 270-276.
[CrossRef]

Corradini, M. G. (2020). Modeling microbial inactivation during cold
atmospheric-pressure plasma (CAPP) processing. In D. Bermudez-
Aguirre (Ed.), Advances in cold plasma applications for food safety
and preservation (pp. 93-108). Academic Press.

Coutinho, N. M., Silveira, M. R., Rocha, R. S., Moraes, J., Ferreira, M. V. S,,
Pimentel, T. C., Freitas, M. Q.,, Silva, M. C., Raices, R. S. L., Ranadheera,
C. S, Borges, F. O, Mathias, S. P, Fernandes, F. A. N, Rodrigues, S., &
Cruz, A. G.(2018). Cold plasma processing of milk and dairy products.
Trends in Food Science and Technology, 74, 56—68. [CrossRef]

Gavahian, M., Chu, Y. W,, Mousavi Khaneghah, A. M., Barba, F. J., & Misra, N. N.
(2018). A critical analysis of the cold plasma induced lipid oxidation in
foods. Trends in Food Science and Technology, 77, 32—-41. [CrossRef]

Gurol, C., Ekinci, F. Y., Aslan, N., & Korachi, M. (2012). Low temperature
plasma for decontamination of E. coli in milk. International Journal
of Food Microbiology, 157(1), 1-5. [CrossRef]

Khani, M. R., Shokri, B., & Khajeh, K. (2017). Studying the performance of
dielectric barrier discharge and gliding arc plasma reactors in tomato
peroxidase inactivation. Journal of Food Engineering, 197, 107-112.
[CrossRef]

Kim, H. J., Yong, H. I, Park, S., Kim, K., Choe, W., & Jo, C. (2015). Microbial
safety and quality attributes of milk following treatment with atmos-
pheric pressure encapsulated dielectric barrier discharge plasma.
Food Control, 47, 451-456. [CrossRef]

Korachi, M., Ozen, F,, Aslan, N., Vannini, L., Guerzoni, M. E., Gottardi, D., &
Ekinci, F. Y. (2015). Biochemical changes to milk following treatment
by a novel, cold atmospheric plasma system. International Dairy
Journal, 42, 64-69. [CrossRef]

Lee, H. J,, Jung, S., Jung, H,, Park, S., Choe, W,, Ham, J. S., & Jo, C. (2012).
Evaluation of a dielectric barrier discharge plasma system for
Inactivating pathogens on cheese slices. Journal of Animal Science
and Technology, 54(3), 191-198. [CrossRef]

Lee, S. H. I, Frohling, A., Schllter, O., Corassin, C. H., De Martinis, E. C. P,
Alves, V. F, Pimentel, T. C., & Oliveira, C. A. F. (2021). Cold atmospheric
pressure plasma inactivation of dairy associated planktonic cells of
Listeria monocytogenes and Staphylococcus aureus. LWT, 146, Arti-
cle 111452. [CrossRef]

Misra, N. N., & Jo, C. (2017). Applications of cold plasma technology for
microbiological safety in meat industry. Trends in Food Science and
Technology, 64, 74—86. [CrossRef]

Misra, N. N., Pankaj, S. K., Segat, A., & Ishikawa, K. (2016a). Cold plasma
interactions with enzymes in foods and model systems. Trends in
Food Science and Technology, 55, 39—-47. [CrossRef]

Misra, N. N., Schliter, O., & Cullen, P. J. (2016b). Plasma in food and agri-
culture. In N. N. Misra, O. Schliter, & P. J. Cullen (Eds.), Cold plasma
in food and agriculture (pp. 1-16). Academic Press.

Misra, N. N,, Yepez, X, Xu, L., & Keener, K. (2019). In-package cold plasma
technologies. Journal of Food Engineering, 244, 21-31. [CrossRef]

Pankaj, S. K., Shi, H., & Keener, K. M. (2018). A review of novel physical and
chemical decontamination technologies for aflatoxin in food. Trends
in Food Science and Technology, 71, 73-83. [CrossRef]

Research in Agricultural Sciences 2023 54(2): 89-94 | DOI: 10.5152/AUAF.2023.22028

Pedrow, P, Hua, Z, Xie, S., & Zhu, M. J. (2020). Engineering principles of
cold plasma. In D. Bermudez-Aguirre (Ed.), Advances in cold plasma
applications for food safety and preservation (pp. 3-48). Academic
Press.

Phan, K. T. K,, Phan, H. T,, Brennan, C. S., & Phimolsiripol, Y. (2017). Non-
thermal plasma for pesticide and microbial elimination on fruits and
vegetables: An overview. International Journal of Food Science and
Technology, 52(10), 2127-2137. [CrossRef]

Picart-Palmade, L., Cunault, C., Chevalier-Lucia, D., Belleville, M. P, &
Marchesseau, S. (2019). Potentialities and limits of some non-ther-
mal technologies to improve sustainability of food processing. Fron-
tiers in Nutrition, 5, 1-18. [CrossRef]

Rathod, N. B., Kahar, S. P, Ranveer, R. C., & Annapure, U. S. (2021). Cold
plasma an emerging nonthermal technology for milk and milk prod-
ucts: A review. International Journal of Dairy Technology, 74(4),
615-626. [CrossRef]

Ribeiro, K. C. S., Coutinho, N. M., Silveira, M. R., Rocha, R. S., Arruda, H.
S., Pastore, G. M., Neto, R. P. C., Tavares, M. |. B., Pimentel, T. C., Silva,
P. H. F, Freitas, M. Q., Esmerino, E. A,, Silva, M. C., Duarte, M. C. K.
H., & Cruz, A. G. (2021). Impact of cold plasma on the techno-func-
tional and sensory properties of whey dairy beverage added with
xylooligosaccharide. Food Research International, 142, 110232.
[CrossRef]

Rodacka, A., Gerszon, J., Puchala, M., & Bartosz, G. (2016). Radiation-
induced inactivation of enzymes — Molecular mechanism based on
inactivation of dehydrogenases. Radiation Physics and Chemistry,
128, 112-117. [CrossRef]

Sarangapani, C., Ryan Keogh, D. R., Dunne, J., Bourke, P, & Cullen, P. J.
(2017). Characterisation of cold plasma treated beef and dairy lipids
using spectroscopic and chromatographic methods. Food Chemis-
try, 235, 324-333. [CrossRef]

Segat, A, Misra, N. N., Cullen, P. J., & Innocente, N. (2016). Effect of atmos-
pheric pressure cold plasma (ACP)on activity and structure of alka-
line phosphatase. Food and Bioproducts Processing, 98, 181-188.
[CrossRef]

Sharma, S., & Singh, R. K. (2020). Cold plasma treatment of dairy proteins
in relation to functionality enhancement. Trends in Food Science and
Technology, 102, 30-36. [CrossRef]

Silveira, M. R., Coutinho, N. M., Esmerino, E. A, Moraes, J., Fernandes, L.
M., Pimentel, T. C., Freitas, M. Q., Silva, M. C., Raices, R. S. L., Senaka
Ranadheera, C., Borges, F. O., Neto, R. P. C,, Tavares, M. |. B, Fer-
nandes, F. A. N, Fonteles, T. V., Nazzaro, F, Rodrigues, S., & Cruz, A. G.
(2019). Guava-flavored whey beverage processed by cold plasma
technology: Bioactive compounds, fatty acid profile and volatile
compounds. Food Chemistry, 279, 120—127. [CrossRef]

Surowsky, B., Schliter, O., & Knorr, D. (2015). Interactions of non-thermal
atmospheric pressure plasma with solid and liquid food systems: A
review. Food Engineering Reviews, 7(2), 82-108. [CrossRef]

Thirumdas, R., & Annapure, U. S. (2020). Enzyme inactivation in model
systems and food matrixes by cold plasma. In D. Bermudez-Aguirre
(Ed.), Advances in cold plasma applications for food safety and pres-
ervation (pp. 229-252). Academic Press.

Thirumdas, R., Sarangapani, C., & Annapure, U. S. (2015). Cold plasma: A
novel non-thermal technology for food processing. Food Biophysics,
10(1), 1-11. [CrossRef]

Timmons, C., Pai, K., Jacob, J., Zhang, G., & Ma, L. M. (2018). Inactivation of
Salmonella enterica, Shiga toxin-producing Escherichia coli, and Lis-
teria monocytogenes by a novel surface discharge cold plasma
design. Food Control, 84, 455-462. [CrossRef]

Wan, Z., Pankaj, S. K., Mosher, C., & Keener, K. M. (2019). Effect of high
voltage atmospheric cold plasma on inactivation of Listeria innocua
on Queso Fresco cheese, cheese model and tryptic soy agar. LWT,
102, 268-275. [CrossRef]

Yong, H. I, Kim, H. J., Park, S., Kim, K., Choe, W., Yoo, S. J., & Jo, C. (2015).
Pathogen inactivation and quality changes in sliced cheddar cheese
treated using flexible thin-layer dielectric barrier discharge plasma.
Food Research International, 69, 57-63. [CrossRef]


https://doi.org/10.1038/srep09332
https://doi.org/10.1016/j.ifset.2016.05.007
https://doi.org/10.1016/j.foodchem.2019.03.149
https://doi.org/10.1016/j.tifs.2018.02.008
https://doi.org/10.1016/j.tifs.2018.04.009
https://doi.org/10.1016/j.ijfoodmicro.2012.02.016
https://doi.org/10.1016/j.jfoodeng.2016.11.012
https://doi.org/10.1016/j.foodcont.2014.07.053
https://doi.org/10.1016/j.idairyj.2014.10.006
https://doi.org/10.5187/JAST.2012.54.3.191
https://doi.org/10.1016/j.lwt.2021.111452
https://doi.org/10.1016/j.tifs.2017.04.005
https://doi.org/10.1016/j.tifs.2016.07.001
https://doi.org/10.1016/j.jfoodeng.2018.09.019
https://doi.org/10.1016/j.tifs.2017.11.007
https://doi.org/10.1111/ijfs.13509
https://doi.org/10.3389/fnut.2018.00130
https://doi.org/10.1111/1471-0307.12771
https://doi.org/10.1016/j.foodres.2021.110232
https://doi.org/10.1016/j.radphyschem.2016.05.022
https://doi.org/10.1016/j.foodchem.2017.05.016
https://doi.org/10.1016/j.fbp.2016.01.010
https://doi.org/10.1016/j.tifs.2020.05.013
https://doi.org/10.1016/j.foodchem.2018.11.128
https://doi.org/10.1007/s12393-014-9088-5
https://doi.org/10.1007/s11483-014-9382-z
https://doi.org/10.1016/j.foodcont.2017.09.007
https://doi.org/10.1016/j.lwt.2018.11.096
https://doi.org/10.1016/j.foodres.2014.12.008

