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ABSTRACT 

Today, consumer demand is shifting towards a product that is safe for consumption, has undergone minimal processing times and retain its nutritional 

properties. Microbial contamination is a major challenge faced by the food industries. Outbursts of foodborne illness related to fruits and vegetables is a 

matter of concern. Fruits and vegetables are the primary source of nutrition, energy followed by reducing risk to several health-related issues. Due to 

their rapid perishability nature, there is a requirement of effective techniques that can be utilized economically for ensuring microbial safety and 

increasing shelf-life without negatively affecting its quality. Intervention of cold plasma technology is one of such effort. This technology exhibits a 

wide range of applications including microbial inactivation. It is an emerging and non-thermal technology which because of its potential becomes an 

interesting viewpoint of scientists globally. It is an energy-efficient and eco-friendly technology. It offers a new approach to food researchers for 

ensuring microbial safety without adversely affecting the quality parameters of product. The present review states the efficacy of cold plasma 

technology in reducing microbial load of different fruits and vegetables. 
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1. INTRODUCTION 

 A diet involving regular intake of different minimally 

processed and fresh fruits and vegetables has gained much 

importance due to their several health-related benefits and high 

nutritional value (Niemira and Fan, 2012). Today, consumer 

demand is shifting towards a product that is safe for consumption, 

with an increased shelf-life and high quality which is turning more 

challenging (Song et al., 2020). However, these commodities are 

easily contaminated by pathogenic microbes from various sources 

at the time of harvesting, transport etc. (Cui et al., 2018). 

Various conventional methods for sanitization are introduced 

like washing with chlorine or sodium hypochlorite solution and 

the application of thermal methods. Thermal methods of food 

preservation have the potential to disinfect but they adversely 

affect the sensory and functional properties. Additionally, the use 

of chemicals has several health-related and environmental issues 

(Mir et al., 2020). With increase in safety concerns, different 

substitutional technologies have been set out by food industries 

which can confirm safety and are also eco-friendly (Pasquali et al., 

2016). Non-thermal physical technologies like UV-light, high 

pressure processing, ultrasound, pulsed light, irradiation is 

regarded as promising alternatives and cold plasma technology is 

one of them (Olaimat and Holly, 2012; Srey et al., 2014; Ziuzina 

et al., 2014). Lately, cold plasma technology as a non-thermal and 

novel processing method has shown positive results in food 

preservation (Ekezie et al., 2017). 

The term “Plasma” firstly was initiated by Irving Langmuir in 

1923 to outline jellylike behavior of an electrical discharge region 

that was having potential to show a definite periodic variation of 

free electrons (Niemira, 2012). Next to solid, liquid and gas, 

plasma is considered as fourth state of matter (Thirumdas et al., 

2015). Cold plasma is a wholly or partially ionised gas identified 

by active particles like free radicals, electrons, atoms and ions 

which are formed by application of energy to a gas or a mixed 

system with gas (Silveira et al., 2019). The plasma system 

possesses a neutral net charge(Sudheesh and Sunooj, 2020). 

Various studies have revealed the promising results of this 

technology for inactivating spoilage micro-organisms and 

endogenous enzymes in fresh cut fruits and vegetables (Zhao et 

al., 2020). 

Hence this review deals with the current understanding of cold 

plasma technology on reducing microbial load in different fruits 

and vegetables. 
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2. Generation And Mechanism Of Cold Plasma 

 Based on temperature, plasma can be divided as low 

temperature plasma also called as cold plasma and high 

temperature plasma. In high temperature plasma, all particles 

continued to be in thermal equilibrium state, and it is generated by 

use of high temperature. It is not suggested for processing of food. 

On the other hand, cold plasma is further divided into atmospheric 

pressure plasma and low-pressure plasma (Sudheesh and Sunooj, 

2020). It is generated by alternating (AC) and pulsed and 

stationary (DC) electric fields. Nowadays, the configuration of 

atmospheric pressure plasma discharges like corona discharge, arc 

discharge, dielectric barrier discharge etc. are also developed 

(Zainal et al., 2015). 

The species of plasma will interrelate with foodstuff and 

destroy the microbes due to their oxidative effect (Sudheesh and 

Sunooj, 2020). Formation of reactive oxygen species (ROS) in 

cold plasma was considered as the primary mechanism for its 

antimicrobial action (Sharma et al., 2018). The envelope of 

bacteria consisting of lipids or other exo-polysaccharides gets 

oxidized by free radicals generated by cold plasma (Vandervoort 

and Brelles-Marino, 2014).  

Generally, the inactivation of microbial cells by cold plasma 

takes place by three primary mechanism which are described 

below:  

 Chemical interaction between cell membrane of microbes 

and reactive species, charged species or radicals. 

 UV-radiation damaging microbial membrane and intra-

cellular components. 

 Disruption of DNA strands when exposed to UV-

radiation (Niemira and Fan, 2012). 

Various studies revealed that proteins, nuclei acids and cell 

envelopes of spoilage microbes are the target points for cold 

plasma in order to inactivate them (Sharma et al., 2018). However, 

the efficacy of cold plasma is dependent on several biological 

parameters like substrate type and characteristics of microbes 

(physiological state, type, load) (Moreau et al., 2008; Misra et al., 

2011; Stratakos and Koidis, 2015). But still the inactivation 

mechanism of cold plasma is unclear and not fully understood. 

3. Effect Of Cold Plasma On Microbial Load Of Different Fruits And Vegetables 

 Today, the fruits and vegetables processing industries are 

constantly facing problems of outbursts of food related pathogens. 

But the antimicrobial activity of cold plasma offers a opportunity 

for fresh products to lower the number of microbes without 

negatively affecting the sensory and nutritional properties of the 

product (Min et al., 2018; Misra et al., 2015; Niemira, 2012). 

Hence, we will review the efficiency of cold plasma in reducing 

the microbial load of different fruits and vegetables. 

Critzer et al., (2007) treated apples for 30 s, 1 min and 2 min 

whereas cantaloupes for 1, 3 and 5 min. In apples, a significant 

reduction of 3 log CFU/g was observed in E.coli O157:H7 when 

they were treated for 2 min. Furthermore, treating cantaloupes for 

3 min bought significant reduction in Salmonella. Hence, it may 

be noticed that the population of microbes was significantly 

affected by the exposure time. Pasquali et al., (2016) further 

reported that red chicory on treating with ACP for 15 and 30 min 

showed significant reduction in the load of E. coli and L. 

monocytogenes. E. coli was significantly reduced to 1.35 log 

MPN/cm
2 

on treating for 15 min whereas, final load of L. 

monocytogenes was 2 log cfu/ml after treatment for 30 min. It was 

also stated that there was no negative effect on the appearance and 

antioxidant activity of the samples. Similarly, Lacombe et al., 

(2017) studied that when blueberries were exposed to cold plasma 

for 45s there was a significant reduction in Tulane virus (1.5 

PFU/g) as compared to that in the control samples. Tappi et al., 

(2016) also noticed that when freshly cut melon pieces were 

exposed to cold plasma there was delay in the growth of spoilage 

psychotropic and mesophilic microflora. Furthermore, Lee et al., 

(2015) studied that CPT bought significant reduction of 1-2log 

CFU/g in cabbage, lettuce and dried figs. Fernandez et al., (2013) 

revealed there was significant 1.76, 0.94 and 2.72 log reduction of 

S. Typhimurium when strawberry, potato and lettuce were 

exposed for 15min to plasma treatment. Min et al., (2017) also 

stated that exposure of fresh lettuce to cold plasma removed the E. 

coli O157:H7. Ziuzina et al., (2014) also demonstrated that when 

tomato was treated with plasma for 10, 60 and 120s the population 

of E. Coli, Listeria monocytogenes and Salmonella was reduced to 

undetectable limits while their initial populations was 6.3, 6.7 and 

3.1 log CFU/g respectively (Table I). 
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Table I. Recent studies on microbial inactivation of different fruits and vegetables. 

S.no. Sample Treatment Effects Reference 

1. Romaine lettuce  DBD plasma. 42.6kV 

for 10min 

In 1,3,5-layer configuration the E.coli 0157:H7 was 

reduced to 0.4-0.8log10 CFU/g whereas, in 7-layer 

configuration it was 1.1 log10 CFU/g 

Min et al., 2017 

 

2. Granny Smith 

apples 

Plasma jet with 

antimicrobial solution 

for 30s, 40s 

After treatment for 40s, there was 3.5-4 log reduction 

of L. monocytogenes followed by decrease in 

sanitizer treatment duration from 1h to 3min. 

Ukuku et al., 

2019 

3. Tomato ACP. 15kV, 60kV for 

5, 10, 15, 30min  

Treatment at 60kV for 15min bought highest 

reduction of 6 log CFU/ml in E.coli. 

Prasad et al., 

2017 

4. Baby kale leaves  DBD cold plasma 

system. 26kV for 60, 
120, 180, 240, 300s 

E.coli 0157:H7 was completely inactivated on 

exposure of samples to plasma mist for 300s. Further, 
stated that DBD cold plasma not only decontaminate 

product, but also increase shelf-life during storage. 

Shah et al., 2019 

5. Pear, carrot and 

cucumber  

CPT for 1-8 min Salmonella was significantly reduced to 40%, 90% 

and 60% in all three, respectively. 

Wang et al., 2012 

6. Cherry tomatoes and 

Strawberries  

Atmospheric cold 

plasma (DBD). 70kV 

for 30-300s 

Short treatment for 10, 60, 120s reduced the growth 

of E.coli, L. Monocytogenes and Salmonella to 

undetectable limits in cherry tomatoes. Furthermore, 
significant reduction was observed in strawberry after 

exposure for 300s. 

Ziuzina et al., 

2014 

7. Mandarins CaO washing with 

ADCP. 26kV for 2, 3, 
4min and 27kV for 1, 

2min 

Combination of both treatment significantly reduced 

the growth of P.digitatum without adversely affecting 
the quality parameters. 

Bang et al., 2020 

8. Pitaya DBD plasma. 60kV 
for 5min 

Significant reduction in total aerobic bacterial count 
as compared to that in control samples during storage.  

Li et al., 2019 

9. Radish sprouts Microwave plasma. 

900W for 1-20min  

Salmonella typhimurium was significantly reduced to 

2.6log10  

Oh et al., 2017 

10. Spinach leaves and 
cantaloupes  

Cold plasma activated 
aerosolized H2O2 

(7.8%) for 45s with 

30min dwell time 

L. innocua and Salmonella was significantly reduced 
by 4.0 and 4.2 log CFU/leaf in spinach. Similarly, S. 

typhimurium, L. innocua and E. coli 0157:H7 was 

reduced by 1.3, 3.0 and 4.9 log CFU/piece in 
cantaloupes. 

Jiang et al., 2017 

 

4. Advantages Versus Disadvantages To Cold Plasma 

 Cold plasma, being a non-thermal and novel technology 

possess a number of advantages like it is energy-efficient and eco-

friendly process as it require low energy consumption and leaves 

no residues (Mir et al., 2020); cause less impact to the internal 

matrix of product (Thirumdas et al., 2015); rapid sterilization of 

product as it carry very diffusive chemical species (Sharma et al., 

2018) and many more. Apart from this, it also has somelimitations 

such as the cost of plasma processing is dependent on the cost of 

gas or gas mixture (Mir et al., 2020); it was also reported that it 

increase the acidity, rate of lipids oxidation and reduce the 

firmness and colour intensity of product (Niedzwiedz et al., 2019); 

need additional safety measures when high voltage is used 

(Sharma et al., 2018) etc. 

5. CONCLISIONS 

With increasing demand for safe, minimally processed and 

highly nutritious food, cold plasma technology can be a suitable 

method for ensuring product safety. Cold plasma ratified to be a 

leading technology for improving and ensuring microbial safety 

of fresh fruits and vegetables. Although, there are several 

factors affecting its efficacy and both positive and negative 

impacts of this treatment have been reported on fresh produce. 

Thus, more efforts are required to examine antimicrobial 

activity of cold plasma including its effects on other parameters 

of product. However, it can be concluded that cold plasma 

alone or its combination with some other sanitizer treatment is 

an appropriate and effective technology that can be applied to 

inactivate foodborne pathogens thus making food safe for 

consumption.  
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