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ABSTRACT

The increase in the outbreaks reported due to consumption of infected produce has increased to a larger
extent. Conventional technologies hamper the quality of food. To fulfill the need of an efficient cold processing
method, researchers came up with a novel technology known as plasma technology. Two type’s thermal and non-
thermal plasma exists. The non-thermal or cold plasma technology is now the prime consideration in food processing
industries viz. post-harvest, meat, packaging etc. Cold plasma plays an important role in decontamination of food
and packaging materials from microorganisms, manufacturing of packaging materials, active packaging and retards
browning reactions. Cold plasma withholds the ability to manufacture high quality fresh and processed food products.
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1. INTRODUCTION

Consumers now a day has increasingly became aware of healthy habits and diet. Food has long been
associated with numerous food borne diseases. They contain numeral pathogens. To control and eliminate pathogenic
microorganisms effectively, sanitation techniques are used for post-harvest (CDC, 2012). One of the major concerns
prevailing for the food industries, regulatory bodies and customers is the safety of food. Microorganisms and
pathogens that cause spoilage are a major problem concerning the food processing industries as they have an
unfavorable impact on the health and economy of the public (Afshan and Hosseini, 2012). To eliminate various
microorganisms, pathogens and spores, thermal inactivation techniques are practiced such as pasteurization,
autoclaving, ohmic heating, canning and steam sterilization. All these methods are effective and efficient; however,
they possess numerous side effects viz. nutritional loss, effect sensory properties and degrade functional properties
of the food. For overcoming the side effects, some novel cold processing technologies are introduced viz. pulse
electric field (PEF), high hydrostatic pressure (HPP), irradiation, ultrasound etc. however, these processes requires
specialized equipment, trained personnel and relatively very expensive (Yun, 2010).

Cold plasma is one of the most modern technologies tested for microbial inactivation or destruction (Sharma,
2009). Plasma is generated when an inert gas gets in contact with electricity; reactive substance composed of charged
particles, free radicals, photons and various radiations are formed. This whole formulation is known as plasma.
Plasma produced at an ambient temperature is referred to as cold plasma having a temperature of 30-60°C, which is
mostly preferably used in the food processing industries (Misra, 2011). Cold plasma technology is successfully
studied for effective microbial inactivation of Escherichia coli from fresh produce (Bermudez-Aguirre, 2013),
Aspergillus parasiticus and Penicillium sp from seeds of various vegetable, legumes and cereals (Selcuk, 2008),
Erwiniacarotovora in potatoes (Moreau, 2007), Listeria monocytogenes from plastic trays, paper cups and aluminum
foil (Yun, 2010) etc. Other than decontamination, plasma technology works in various other phenomena such as
effect on seed germination (Sera, 2012) and retarding browning reaction (Tappi, 2014).

This paper reviews the various aspects of cold plasma technology viz. plasma generation, mechanism of
microbial inactivation, its significance in the food industry and future scope helping in better understanding about
non thermal plasma technology.

Plasma generation: Plasma is a term which refers to the fully ionized gas composed of various substances such as
photons and free electrons, along with atoms in excited state having a neutral charge. Plasma has a net charge of zero
due to its equal number of positive and negative ions (Kudra and Majumdar, 2009). Plasma consists of two types of
species, light (photons) and heavy (all the other constituents). For retaining such particular property, it is regarded
as plasma is regarded as the fourth state of matter which starts from solid to liquid state, liquid to gas and finally to
plasma (Misra, 2011).

Types of plasma: In general plasma is classified into two types: thermal and non-thermal plasma is differentiated
based on generation mechanism. Thermal plasma generation requires high pressure and temperature with heavy
electrons. Non-thermal or near ambient temperature plasma (NTP) is generated under atmospheric or vacuum at
temperatures of 30-60°C requiring low energy. NTP can be formed by electrifying or using electromagnetic waves
on gas at reduce pressure, having a thermodynamically non-equilibrium nature. There are some typical approaches
in creation of plasma at atmospheric pressure, consists of dielectric barrier discharge, corona discharge and gliding
arc discharge, which are of kin interest in food industries requires mild conditions (Misra, 2011).

Instrumentation of plasma treatment: Generally, plasma treatment is done in a vacuum chamber but due to
advancement in technologies, researchers have come up with more developed technique such as atmospheric pressure
plasma system which helped in reducing the cost, applicability and increased treatment speed in industries. For the
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generation of cold plasma (gliding arc), the equipment consists of two components, power supply and plasma emitter.
The system requires AC power (60 Hz) and operating output rate (max. 60 mA at 15kV). Gas-injected gliding arc
system is modified slightly to be used as plasma emitter. The system operates at open air having electrodes of 3 mm
thick which is attached at the top and bottom with stainless steel lugs. Rods were fixed at certain distance of 3mm
from the plasma generation point and curved at 45° angle and the gap between the gas inlet and plasma generation
point is kept 8 mm (Niemira and sites, 2008).

Mechanism involved in microorganism inactivation: The effect of sterilization using plasma was first document
in the year 1960 and the technology was patented in 1968 by Menashi (Menashi, 1968). The lysis of microorganisms
during plasma treatment occurs as the microorganisms are exposed to radical bombardment on the surface of the cell
with great intensity. The bombardment of the radicals provokes lesions on the surface of the cell which the
microorganisms are unable to repair quickly, leads to destruction of the living cell rapidly. This is termed as “etching”
(Pelletier, 1992). The phenomenon of lesion formation is because of accumulation of electrostatic forces on the
exterior surface of the living cell. The efficiency of non-thermal plasma depends upon two factors substrate type and
characteristics of microorganisms like load, type and physiological state (Stratakos and Koidis, 2015). Diagrammatic
expression on efficiency of cold plasma is presented in Fig. 1.

Action of charged particles along with reactive species in non-thermal plasma damages cell membrane and

causes denaturation of DNA and chemical bonds which results in an antimicrobial effect on the cell. The mechanism
behind interaction between the microorganisms and species present in plasma is still unclear but certain reactions
such as oxidation and peroxidation occurs inside and outside the cell which is mainly catalyzed by the plasma ions
(Dobryinin et al., 2009).
Potential of cold plasma technology in food processing: The cold plasma technology has shown great potential
towards the novel processing fresh foods, processed food products and packaging. This technology helps in
processing of heat liable foods while retaining the physico-chemical, textural and functional properties of the food.
Inactivation of microorganisms: The cold plasma technology has been evaluated on bacteria (positive and
negative), molds, yeasts, spores and viruses (Montie, 2000). Cold plasma is used in minimal processing or acts as a
chlorine replacer during washing for decontaminate fruits, vegetables and leafy vegetables from pathogens. Pasquali
et al. (2016) showed the effect of cold plasma on red chicory (Cichoriumintybus) was treated with atmospheric cold
plasma kept at a difference of 70 mm from discharge. The conditions were kept stable with a temperature of 22°C
and 60% RH, only treatment time varied for 15 and 30 min. The load of E. coli and L. monocytogenes at the initial
stage was 108cfu/ml and 1.2 x 108 to 1.6 x 108cfu/ml respectively, treated for 15 min and 30 min, respectively. In 15
min of atmospheric cold plasma treatment E. coli reduced to 1.35 log MPN/cm? whereas, L. monocytogenes took 30
min to have a final load of 2 log cfu/ml. The duration of treatment time did not show any prominent loss in antioxidant
activity and appearance of radicchio leaves.

Dielectric barrier discharge atmospheric gas plasma was used on deionized water, celery and radicchio leaves
to decontaminate Listeria monocytogenes and Escherichia coli 0157 and O26. The conditions maintained during
application of plasma was 26 + 1°C having a RH of 53%. The cell density present in the deionized water was
10%cfu/ml, reduced more than 6 log cfu/ml after 40 min of treatment. However, as the vegetables were dipped in
deionized water the rate of efficacy reduced upto 2.5 and 3.7 log cfu/ml for L. monocytogenes and E. coli,
respectively. The atmospheric gas plasma showed decrease in appearance in the radicchio during the storage period
but there was no changes observed in visual, textural and total solid content of cut celery (Berardinelli, 2016).
Packaging: The plasma technology is offering high potential in food packaging as it enhances the adhesion
properties, polymerization and helps in good printability (Pankaj et al., 2013). The polyethylene terephthalate (PET)
has many good properties such as strength, transparency, gas barrier property, formability and resistant to chemicals
however PET polymers have low surface energy which should be activated to enhance good adhesion, printing and
dyeing properties. Cold plasma treatment helps in determining the change in crystal structure of PET films towards
the surface energy (Jacobs, 2011). The active packaging system was developed to preserve the quality and increase
the storage life of the food products. The technology includes physical, chemical and biological actions, changes the
interaction between a product, packaging material and even the headspace inside the package to get a desired outcome
(Yam, 2005). The active packaging of red delicious apples were done using plasma reactor known as atmospheric
pressure cold plasma reactor (APCPR), atmospheric pressure cold plasma was achieved by increasing the voltage
between needle-to-needle configuration. Argon was chosen as carrier gas and vanillin was taken as a monomer as it
has the ability to form plasma polymerized films. The chamber which was kept below the zone of activation was
used to treat the apple for proper deposition of film on the apple surface (Fig. 2). The study concluded that smooth
thin layered film can be deposited in the apple surface however nodules were observed which can occurred during
the condensation of vanillin powder after sublimation (Fernandez-Gutierrez, 2010). Oh et al. (2016) prepared edible
film treated with cold plasma based which is based on defatted soybean meal had better tensile strength, elongation
and moisture barrier than control.
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Effect on physico-chemical and antioxidant properties: The qualitative parameters of fresh cut melons such as
soluble solid content, titratable acidity, dry matter and colour change during storage. The samples were treated with
cold gas plasma (15+15 min and 30+30 min on each side), then packaged in propylene trays and sealed using micro
perforated polypropylene film and stored at 10°C and 95% RH for 4 days. During the period of storage, there was
increase in dry matter and decrease in soluble solid content of plasma treated samples, significant decrease in
titratable acidity was observed. Colour change was observed only in 15+15 min treated samples after 2 and 4 days
of storage. The firmness of the plasma treated melon was unaffected (Tappi, 2016).
Seed germination: Application of plasma has been reported to have both negative and positive effect on the
germination of buck wheat seed. The seeds were subjected to four kind of plasmas viz. glidarc, atmospheric cold
plasma in apparatus having planar rotating electrode, surface dielectric barrier discharge and downstream microwave
plasma for varied time of 180, 300 and 600 s. The glidarc method showed the best results in seed germination and
length of sprout compared to control. The percentage of seed germination decreased from 109 to 81% as the time of
exposure increased whereas, 90 to 107% increase in sprout length was observed with the increase in treatment time
The glidarc and planar rotating electrode (non-thermal plasma at atmospheric pressure) showed almost similar values
on weight of sprouts which decreased with the increase in exposure time. In other plasma treatments, all the
parameters decreased with the increase in treatment time (Sera, 2012). There was positive effect on wheat seed
treated with cold plasma. Treatment of 15 min increased the dry matter, wettability and root:sprout ratio (Dobrin et
al., 2015).
Effect on browning: The major problem with the fresh cut fruits and vegetables is enzymatic browning which affects
the quality attributes. Tappi et al. (2014) used dielectric barrier discharge atmosphere gas plasma to check the
metabolic activity of fresh cut apples. The samples were treated for 10, 20 and 30 min and the best results obtained
were approximately 65% reduction of browning area for 30 min as compared to control samples. The increase in the
treatment time eventually decreased the polyphenol oxidase residue up to 42%. This shows that plasma treated fresh
cut apples has low metabolic activity than control samples.

Bubler et al. (2016) showed the impact of plasma processed air on polyphenol oxidase and peroxidase
enzymes present in apples and potatoes. The cut apple and potato tissue was treated for 10 min with plasma processed
air which showed reduction of polyphenol oxidase up to 62% and 77% respectively, peroxidase reduced about 65%

in cut apple and 89% in potato tissue.
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Fig.1.Efficiency of plasma in destruction of microorganisms (Lerouge, 2001)
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Fig.2.Schematic diagram of plasma reactor (Fernandez-Gutierrez, 2010)

2. CONCLUSION

Cold plasma is an emerging novel technology in the recent era. Cold plasma technology is gaining fame for
its unique characteristics like treatment in low or ambient temperature for a short period of time which helps in
retaining the integrity and quality of food products. Cold plasma has proved to be efficient in sanitizing equipment
for inactivating the foodborne pathogens from fresh produce and packaging materials. It also helps in catalyzing
certain manufacturing processes, acts as an active packaging and retards browning reaction in fruits and vegetables.
Being a cold treatment it is effective in retaining the texture, sensory and functional properties of foods. Thus, cold
plasma is a promoting technique for food processing in near future.
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