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Abstract: Consumers nowadays are well aware of ongoing addition of the chemical preservatives and all detrimental health effects 

that come along with the use of such food additives. Food industries on the other hand, have invested and are majorly relying mostly on 

conventional thermal processing, which poses a great threat to heat labile food components such as pigments, anti-oxidants, bio-active 

compounds etc. Retaining such heat labile nutrients involves great amount of innovation and complex process design.Non-thermal 

processing methods have recently gained importance and interest because of consumers growing demand for minimally processed and 

fresh like foods. Some of the popular non-thermal methods include:-Ohmic heating, microwave heating, high-hydrostatic pressure 

treatment, ultrasonication, pulsed electric field method and cold plasma. The following review aims to summarize various techniques, 

which are available for implementing and practicing non-thermal ways of preservation as these processes not only meet industry needs 

by offering value-added products and new market opportunities but also serve today’s consumers with evolved eating habits. 

 

1. Introduction 
 

Food preservation is basically a never ending scrimmage 

against microorganism proliferation, and to make food safer 

for consumption for longer periods. Most of the foods that 

we consume nowadays are processed in some way or the 

other, in spite of knowing the fact that many food groups 

pose great health benefits when consumed raw and fresh. 

But knowing the present day scenario of the modern supply 

chain, most foods are subjected to some degree of 

processing to preserve their freshness. 

 

Food preservation technologies are based on the prevention 

of microbial growth or on microbial inactivation, i.e. either 

by altering temperature, water activity and pH, or by 

addition of preservatives and modifying atmosphere. Most 

of the non-thermal processing methods are not effective on 

bacterial spores, and in such cases microorganisms will still 

be metabolically active and viable if given favorable 

conditions. 

 

Novel non-thermal processes are able to inactivate 

microorganisms at ambient or sub-lethal temperature. Many 

of these need very high treatment intensities to achieve 

adequate microbial destruction in low-acid foods. 

Combining non-thermal processes with conventional 

preservation methods or hurdle technology can effectively 

lead to microbial inactivation and allow the use of lower 

individual treatment intensities. 

 

1.1 Pulsed Electric Field 

 

It is a novel non-thermal method of food preservation, which 

uses short electrical pulses for microbial inactivation; it is a 

very superior method of preservation with respect to other 

thermal treatments as it imposes minimal detrimental 

influence on food quality and nutrition, and safeguards the 

sensorial and physical attributes of food.This treatment 

applies short pulses to avoid excessive heating or 

undesirable electrolytic reactions. 

 

Main principle of working is it uses pulses with high electric 

fields for a few micro to milliseconds with intensities in the 

range of 10-80kV/cm. During the process, the food product 

is held between two electrodes, and the gap between 

electrodes is called treatment gap of the chamber. Once the 

food product is properly placed in between the electrodes, 

high voltage is applied resulting in inactivation of 

microorganisms in food. The most remarkable feature of 

PEF is that it increases permeabilization, in other words, it 

can be efficiently used to enhance mass and heat transfer to 

assist increased yield during juice extraction and drying of 

plant tissues. 

 

Another successful commercial usage of PEF treatment is 

extraction of vitamins, pigments, proteinsandanti oxidative 

and bioactive substances from different varieties of macro- 

and microalgae. PEF treatment for algae extracts provides a 

gentler processing approach and encourages yield increase. 

 

The two factors that can be altered during the process are 

temperature and electric field, the temperature of procedure 

can be either ambient, sub-ambient or above room 

temperature. Electrical field to be applied on the other hand 

can be applied in exponential, decaying, and bipolar or 

oscillatory waves. Electrical pulses mainly travel in the food 

with ions, which can successfully transfers pulses from one 

point to the other in the food. It is very important that 

electric field intensity should be evenly distributed in the 

treatment chamber to achieve an efficient treatment, as PEF 

inactivation greatly depends upon intrinsic parameters of 

microorganisms like, shape, size, species, or growth stage 

 

Many food products like apple and orange juice, yoghurt 

drinks, apple sauce and salad dressings, milk, tomato juice, 

carrot juice, pea soup, liquid whole egg and liquid egg 

products when treated with PEF technology have shown to 

retain fresh like characteristics with increased shelf life. 

 

This technology however, is not successful for bacterial 

spores, so application of this method mainly focuses on food 

borne pathogens and spoilage microorganisms, especially 

for acidic foods. It has also been seen that, gram positive 

vegetative cells are more resistant to PEF, than gram 

negative. Yeasts on the other hand show greater sensitivity 

than bacteria. 

 

Advantages 

 Less treatment time and low treatment temperature thus, 

can be a great substitute for conventional heat 

pasteurization and increases shelf life and maintain food 

safety with low processing costs 

 Provides minimally processed foods of fresh quality, 

which have higher nutritional value because of color and 

flavor retention 
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 PEF inactivates vegetative micro-organisms including 

yeasts, spoilage micro-organisms and pathogens and can 

be used to pasteurize fluids such as juices, milk and 

soups without using additives. 

 PEF causes the formation of large, permanent pores in 

cellular tissues, which can be used to improve juice yield 

and increase concentrations of functional components  

 Low electric field causes reversible cell rupture 

stimulating a stress reaction in plants or cell cultures and 

allowing enzymes or proteins with potential health 

benefits to be harvested 

  PEF can be used for pretreatment applications for 

improvement of metabolite extraction. 

 

Disadvantages 

 Capital cost is high. 

 Refrigeration is required to extend shelf-life. 

 Treatment does not inactivate enzymes and vegetative 

spores. 

 PEF is a continuous processing method, which is not 

suitable for solid food products that cannot be pumped 

easily. 

 PEF processing is restricted to food products with no air 

bubbles and with low electrical conductivity. 

 During juice extraction using PEF, destruction of cell 

membranes is there, which accelerates the sugar release 

but also infuses pectin, which is a cell wall component 

into the extracted media, thus, resulting in less clarity of 

juices.  

 

1.2 High Hydrostatic Pressure Processing (HPP) 

 

As already discussed, consumers nowadays have a greater 

inclination towards convenient yet healthy and minimally 

processed food having a decent shelf life. HPP is a 

promising “non-thermal” method of preservation that 

efficiently inactivates the vegetative microorganisms, thus, 

allowing most foods to be preserved with minimal effect on 

taste, texture and nutritional characteristics. This process is 

successful for both liquid and semi-solid foods. 

 

The process is carried out with intense pressure in the range 

of 100-1000 MPa, with or without the use of heat. Now, 

question here arises, that what actually happens during the 

process. High pressure basically alters the permeability of 

cell membrane and disturbs the physicochemical balance of 

the cell. The leakage of intercellular constituents through the 

damaged cell membrane leads to cell death and 

simultaneously inhibits DNA replication and gene 

expression enzymes. Another notable point is although the 

whole process is considered to be non-thermal, but with 

every 100 MPa increase in pressure, 3-6
0 

C increase in 

temperature is observed.  

 

However, the extent of microbial inactivation depends upon 

type and number of microbes, their growth stage, magnitude 

and duration of treatments, temperature and composition of 

food. It has been however observed that gram positive 

bacterial are more resistant than gram negative bacteria, and 

bacterial spores are even more resistant to HPP. 

 

Foods that are to be processed with HPP must be pre-packed 

in vacuum packs or any flexible pack for that matter, this is 

to ensure that packaging material must withstand high 

temperature and pressure during the process, without losing 

seal integrity. Main packaging materials used for HPP 

treatment are plastics, oxygen impermeable opaque 

packaging material are specifically used.After packaging, 

food article is placed in a pressure chamber, which is 

isolated and filled with potable water. The chamber has a 

pump connected to it, which pressurizes the chamber, and 

this pressure is transmitted to the food article through 

packaging via. water. The most important feature of the 

process is that, pressure acts instantaneously and is equally 

distributed, and there is no obvious crushing effect on 

packaged food. Once the desired pressure is achieved for 

required time, the chamber depressurizes and food article is 

removed. 

 

One of the most successful commercial application of HPP 

nowadays is preservative free guacamole, and the process 

successfully maintains avocado flavor, texture and green 

color without harming food safety or shelf life.Other 

commercial practices include, easy shell removal of 

molluscs, easy extraction of meat from crustacean products 

and increases the yield up to 55%. 

 

Physico-chemical Effects of HPP 

 Cooked meals and meat color is largely unaffected, but 

there can be a slight softening of cell walls of fruits and 

vegetables. 

 In fats and lipids there can be reversible crystallization. 

 Fruit juices have little or no effect on taste and aroma. 

 Heat labile flavors are generally unaffected. 

 

Shortcomings of HPP 

 Not suitable for products with encapsulated air, such as 

bread, mushrooms and marshmallows. 

 Installation and processing costs are high 

 Handling of equipment is difficult and thus, requires 

skilled labor for operation precision and adds a lot of 

amount in maintenance as well. 

 

1.3 Cold Plasma 

 

Plasma is considered to be the fourth state of matter, 

containing reactive species like ions, atoms and radicals 

formed by dissociative electron attachment process. It is a 

novel non-thermal food processing technology, which uses 

energetic and reactive gases to achieve microbial 

deactivation in food products. Popular gases that can be put 

to use are air, helium, nitrogen and oxygen. 

 

State of matter can be changed by giving matter the required 

amount of energy, resulting in the breaking down of both 

intra and intermolecular atomic structure, resulting in 

generation of free electrons. In other words, plasma can be 

generated by giving electrical charge to inert gases, reactive 

substances like charged particles, free radicals, photons etc. 

are formed. This whole formulation is termed as plasma and 

the driving force is generally electricity. Ionized gases thus, 

formed from plasma processing, creates unique conditions 

that have no thermal equivalent. 

 

Paper ID: SR20813211231 DOI: 10.21275/SR20813211231 824 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583 

Volume 9 Issue 8, August 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Plasma is of two types 

 High temperature plasma, also known as equilibrium 

plasma. 

 Low temperature plasma or cold plasma. 

This classification is based upon relative temperature of ions 

and electrons.Low temperature plasma is further of two 

types, Thermal Plasma (quasi equilibrium) and Non-

Thermal Plasma (non-equilibrium plasma). Non-thermal 

plasma is produced at reduced or atmospheric pressures by 

an electric discharge in a gas, this discharge can be initiated 

by applying heat, electricity, using lasers, microwave or by 

dissociation of gas molecule. That is the reason, that 

composition of plasma, is different in various type of carrier 

gases. A common example of cold plasma is when a 

fluorescent lighting tube is switched on, cold plasma is setup 

within the tube at ambient temperature, and thus, can be 

used for food applications. The temperature of plasma can 

reach thousands of degrees, above ambient temperature, 

which decreases treatment durations in the range of 3-120 

seconds. 

 

Applications in Food Processing 

It has been successfully implemented in the areas of 

microbial inactivation, surface decontamination, in products 

such as, poultry, meat, grains and fresh produce, 

enhancement of mass transfer and decontamination of 

packaging materials. During plasma treatment, 

microorganisms are exposed to an intense bombardment by 

the free radicals, and provokes surface lesions, that living 

cells cannot repair easily and sufficiently fast, and it leads to 

inactivations of spores and viruses as well, which in other 

non-thermal treatments seems a bit tough. This process is 

termed as Etching. The plasma constituents like, positive 

and negative ions, electrons, metastables, free radicals etc. 

contribute to lethal action by interacting with biological 

material of microbes, as these reactive species poses 

oxidative stress on the exteriors of microorganisms. 

 

Cold plasma sterilization is safe, fast and chemical free 

method, widely applicable to enormous range of packaging 

material and does not leave any residues. This is an efficient 

method to sterilize packaging materials like plastics, lids and 

films, without even altering their properties. Study also 

shows that the water vapor permeability of packaging 

material reduced after plasma treatment. 

 

Wastewater disposal is the new challenge faced by food 

industry, major reason being the water coming out of food 

industry is loaded with high concentration of organic matter. 

Reactive Oxygen Species in cold plasma have been 

successfully used to initiate the degradation of liquid waste, 

with the help of UV photons produced during cold plasma 

treatment, causing the pyrolytic effect thus, producing 

cavities in the biological and chemical matter. Hence cold 

plasma application can be considered as potential technique 

for Industrial effluent treatment. 

 

Shortcomings of Cold Plasma 

 Treatment of bulky and irregularly shaped food is 

difficult. 

 Restricted volume and size of the food for treatment. 

 Several Reactive Oxygen species has limited penetration 

into food products. 

 It may affect the sensory and nutritional attributes of the 

food to some extent during processing. 

 In few cases it has been observed that, it accelerates lipid 

oxidation and has negative impact on the sensory and 

other quality attributes of the food product. 

 Many impacts and areas of the technology are 

unexplored namely, sensory and nutritional qualities of 

treated foods. 

 Optimization and scale up to commercial treatment 

levels require a more complete understanding of these 

technical processes. 

 

1.4 Irradiation 

 

Irradiation treatment exposes food products to a controlled 

amount of radiation energy in the form of gamma rays (Co-

60 or Cesium-137 radioisotope), electron beams (high 

energy of up to 10 MeV), or X-rays (high energy of up to 5 

MeV). These interactions result in the formation of energetic 

electrons, throughout the matter, and results in the formation 

of energetic molecular ions. Irradiation works by passing 

energy waves through food or beverage products to generate 

reactive ions, free radicals and excited molecules. These 

agitated particles or free radicals chemically attack essential 

biomolecules including the DNA and RNA,membrane 

lipids, proteins and carbohydrates of bacteria, as well as 

other pathogens and pests, causing their death or preventing 

them from reproducing. These free radicals mainly react 

with cellular DNA causing radiation damage asDNA is 

considered “radiation sensitive” portion of cells.Effects of 

radiation on matter depend on the type of the radiation and 

its energy level, as well as the composition, physical state 

and the temperature.  

 

In irradiation, foods are exposed to a form of energy, which 

produces free radicals that then reacts with foodbiochemical 

alternatively, the radiation directly attacks thecellular nuclei. 

Forms of ionizing radiation include UV, gamma and beta 

ray or electron beam. High dose (10–74kGy) is required for 

sterilization, which usually damages the food, but a lower 

dose (0.1kGy) may be employed forpasteurization. The 

technology may be compared to pasteurization and is 

sometimes called 'cold pasteurization', as the product is not 

heated. With proper application, irradiation can be an 

effective means of killing bacteria, molds and insect pests, 

reducing the ripening and spoiling of fruits and at higher 

doses inducing sterility. The World Health Organization has 

declared that irradiation of any food commodity, up to 10 

kGy, is not a toxicological hazard. Gamma irradiation has 

been shown to preserve nutritive content and prolong shelf 

life by preventing post-harvest insect and pest infestation of 

beans and grains. The advantage of gamma radiation over 

chemicals, e.g. fumigation with ethylene oxide, is that the 

irradiation does not leave a chemical residue or induce other 

adverse effects in the quality of products being treated such 

as spices. It has been found that at low doses, irradiation has 

little effect on nutritional and organoleptic food qualities,  

 

The biggest barrier to the marketing and sale of irradiated 

foods is an incorrect belief on the part of some consumers 

that irradiated foods are radioactive. But because irradiation 

energy simply passes through food products, and the 

acceptable levels of irradiation are not enough to cause 
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changes at the atomic level, there is no possibility of 

irradiated foods retaining radioactivity after treatment.  

Advantages 

 This technology replaces the need for chemical 

fumigation.  

 This method is cheaper than freezing and refrigeration. 

 Extends shelf life of some food products and leads to less 

food spoilage. 

 Reduces risk of food-borne diseases caused by micro-

organisms such as Campylobacter, Salmonella, E. 

coli and Listeria (especially in meat, poultry and fish) 

 Less dosage of pesticides and antioxidants is required for 

extending shelf life. 

 Lower risk of importing or exporting food shipments. 

 Reduced sprouting in potatoes, onions, potatoes, herbs 

and spices. 

 

Disadvantages 

 Irradiation is not effective against viruses and prions.  

 It cannot eliminate toxins already formed by 

microorganisms.  

 Not all foods are suitable for irradiation processes. Milk 

and other protein foods can develop off-flavor, odor and 

color. 

 Some fruits may exhibit softening and discoloration, 

especially at higher dose levels.  

 Apart from gamma radiation, UV radiation is also 

reported to have a negative influence on anthocyanins. 

 It minimally affects some vitamins such as thiamin. 
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