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METHODS OF FOOD TECHNOLOGY 

HURDLE TECHNOLOGY 

The combined use of multiple preservation methods, including physical, chemical, and 

biological factors, has been practiced for centuries around the world without clear scientific 

understanding. In recent years, however, the concept has been applied consciously, based on 

the improved understanding of the main factors governing food preservation, such as pH, 

temperature, water activity, and, in particular, their influence on microorganisms occurring 

in raw materials, ingredients, and finished food products. The successful development of 

hurdle technology–preserved foods requires broad knowledge and deep insight into the 

impact of both single hurdles and combinations of hurdles at the cellular level on target 

microorganisms in food. 

Hurdle technology (also called combined processes, combination processing, combination 

preservation, combination techniques, or barrier technology) advocates the use of different 

preservation techniques in combination. Individually, the strength or intensity of the 

individual hurdles would not be sufficient to preserve the food, but in concert they have the 

desired level of effect. Individual hurdles used are, for instance, temperature, water activity 

(aw), pH, redox potential (Eh), and preservatives. It requires a certain amount of effort from 

a micro-organism to overcome each hurdle. The higher a hurdle, the greater this effort is. 

Some hurdles, such as pasteurization, can be high for a large number of different types of 

microorganisms, whereas others, such as salt content, have a less strong effect or the effect is 

limited in the range of types of microorganisms it affects. 

Hurdle technology has been defined by Leistner (2000) as an intelligent combination of 

hurdles which secures the microbial safety and stability as well as the organoleptic and 

nutritional quality and the economic viability of food products. The organoleptic quality of 

the food refers to its sensory properties, that is its look, taste, smell and texture. 

Hurdle technology is a set of methods used for inactivation of microorganisms in food 

preservation. Hurdles are food preservation factors, which are combined to achieve certain 

food quality and stability, in terms of the temperature, pH, redox potential, water activity, 

preservatives, and competitive microorganisms. Today, more than sixty hurdles are known to 

have an effect on food stability and quality, as well as microbial stability. 

Some of the hurdles such as temperature (high or low), water activity (aw), preservatives 

(nitrite, sorbet), competitive microorganisms (lactic acid bacteria) and acidity (pH) have been 

empirically used for years to stabilize meat, fish, milk and vegetables. Various novel hurdles 

that are being applied in various food products includes high-power ultrasound (HPU), pulsed 

electric field (PEF), and high-pressure processing (HPP). These technologies have low 

greenhouse gas emissions and energy consumption and reduced environmental impacts. 

https://www.sciencedirect.com/topics/engineering/target-microorganism
https://www.sciencedirect.com/topics/engineering/target-microorganism
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A food product is microbiologically stable and safe because of the presence of a set of 

hurdles that is specific for the particular product, in terms of the nature and strength of their 

effect. Together, these hurdles keep spoilage or pathogenic microorganisms under control 

because these microorganisms  cannot overcome ('jump over') all of the hurdles present. 

Examples of sets of hurdles are illustrated by Figs la-e. The example shown in Fig. la 

represents a food containing six hurdles: high temperature during processing (F value), low 

temperature during storage (t value), low water activity (aw), acidity (pH) and low redox 

potential (Eh), as well as preservatives (pres.) in the product. Some of the microorganisms 

present can overcome a number of hurdles but none can jump over all the hurdles used 

together. Thus the food is stable and safe. This example is only a theoretical case, because all 

hurdles are depicted as having the same intensity, which is rarely the case in practice. More 

likely, hurdles are of different intensity, as in the second example (see Fig. lb), where aw, and 

preservatives are the main hurdles and storage temperature, pH and Eh are minor hurdles. If 

there are only a few microorganisms present at the start (see fig. lc), fewer different hurdles 

or hurdles of lower intensity my achieve microbiological stability. On the other hand, if high 

numbers of microorganisms are present owing to poor hygienic conditions, the usual set of 

hurdles may not suffice to prevent spoilage or food poisoning (see Fig. ld). The example 

shown in Fig. le is a food rich in nutrients and vitamins, which may allow for short-term, 

strong growth of the microorganisms, and as a result their initial number is increased sharply 

('booster effect'). In the examples shown in Figs Id and le, additional or higher hurdles are 

needed to assure product stability. 



3 

The hurdle technology affects the physiology and growth of microorganisms in food. 

There are mainly 4 major mechanisms by which hurdle technology affects 

the growth of microorganisms in foods: 

 Homeostasis 

 Metabolic exhaustion 

 Stress relaxation 

 Multi target preservation of food 

 

Homeostasis 

It is the process that maintains the stability of the living cell’s internal environment in 

response to the changes in external environment. Some of the examples of homeostasis in 

the body are regulation of temperature and balance between acidity and alkalinity (pH). 

These factors are prerequisite feature of living cells and this applies to higher organisms as 

well as microorganisms. Disturbing the homeostasis of the microorganisms by various 

hurdles eventually results in the death of the spoilage causing microbes thereby protecting 

the food product from microbial spoilage. 

Metabolic exhaustion 

This aspect of hurdle technology deals with auto sterilization of food. It has been 

observed that the spore counts in hurdle technology treated food products actually decreases 

during storage especially at ambient temperature. The microbes in the hurdle treated stable 

products uses their energy for homeostasis thereby becoming metabolically exhausted. This 

leads to auto sterilization of food products. Thus, the microbiologically stable product 

becomes safer for storage at normal room temperatures. 

Stress reactions 

Some microbes acquire resistance or may become more virulent under stress conditions 

as they synthesize stress shock proteins. The synthesis of stress shock protein is affected by 

several factors like pH, water activity, ethanol, heat, etc. The different responses of 

microbes under stress conditions might hamper the food preservation. Exposure to multiple 

stresses simultaneously activates the energy utilizing synthesis of several stress shock 

proteins, in turn making the microbes metabolically weak. Therefore, multi target 

preservation of foods could be an efficient approach towards reducing the synthesis of stress 

shock proteins and in food preservation. 

 

Multi target preservation of food 

It is a very important aspect for efficient and effective preservation of targeted food 

material. Hurdles applied in the targeted food material might not just have effects on 

microbial stability but they could act synergistically. Synergistic effect could be achieved in 

the targeted food, if the hurdles affects different targets such as pH, aw, Eh, enzyme systems 
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simultaneously within the microbial cell and thus disturb the homeostasis of the microbes 

rendering it difficult for the microbes to synthesize different stress shock proteins and to 

maintain their homeostasis. 

Therefore the application of several hurdles simultaneously would lead to an optimal 

microbial stability and effective food preservation. 

 

Types of Hurdles 

The types of hurdles, namely physical, physiochemical and microbial, which are used for 

the preservation of variety of foods, are briefly summarized. 

Physical; Ionizing radiation, low temperature (chilling, freezing), aseptic packaging, high 

temperature (blanching, frying, baking, extrusion, evaporation, pasteurization, sterilization), 

modified atmosphere, ultraviolet radiation, electromagnetic energy(radio frequency, high 

electric fields, pulse magnetic fields, microwave), utrasonification, packaging films, ultra 

high pressures, photodynamic inactivation 

Physio-chemical; Sodium nitrate, Sodium sulphite, sodium nitrite, potassium sulphite, 

phosphates, salt, spices and herbs, carbon dioxide, ozone, oxygen, organic acids, surface 

treatment agents, phenols, ethanol, lactic acid, low redox potential, low pH, low water 

activity, lactoperoxidase, smoking, Maillard reaction products 

Microbial;Bacteriocins, protective cultures, competitive flora, antibiotics 

 

Applications of Hurdle Technology in different products 

Several hurdles are considered to be important in the preservation of various vegetables 

and fruits like carrot, pineapple, coconut & papaya to enhance their stability and shelf life.  

• Hurdle technology can also be applied to develop shelf stable RTE (ReadyTo-Eat) 

intermediate moisture pineapple with increased shelf life.  

• Osmotic dehydration, infrared drying and gamma radiation can successfully reduce the 

microbial load in pineapple slices increasing its shelf life up to 40 days. 

 • Hurdle technology in the preservation of fresh scrapped coconut. Additives such as 

humectants, acidulants and preservatives were used.  

• Minimally processed shelf stable high moisture grated papaya is also prepared by hurdle 

technology using different hurdles like mild heat treatment, aw, pH reduction, and the addition 

of preservatives. 

• Some of the hurdles applied in fruit processing includes UV light, pulsed light (PL), 

ultrasound (US), and high hydrostatic pressure (HHP).  

• Hurdle or combined technology is also applied in the preservation of high moisture fruit 

products such as peach, pineapple, papaya, mango and banana. The technology is based on 

the combination of heat treatment, aw and addition of antimicrobials.  
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• Hurdle technology has been applied to a number of meat products. The effect of different 

hurdles such as (pH, aw, vacuum packaging and post package treatment) in pork sausages at 

refrigerated temperature.  

• Shelf stable ready to eat pickle type spiced buffalo meat products was also prepared and 

preserved by controlling different hurdles like pH, water activity, proximate composition, 

FFA, Soluble hydroxyl proline, TBA values, nitrite content, protein solubility. 

  

ULTRASOUND IN FOOD PRESERVATION  

Ultrasound waves are similar to sound waves but, having a frequency above 16 kHz, 

cannot be detected by the human ear. Ultrasound refers to sound waves, mechanical 

vibrations, which propagate through solids, liquids and gases with a frequency greater than 

the upper limit of human hearing. Use of ultrasound in food processing includes: 

 
Mixing and homogenization,  Defoaming, Crystallization of fats, sugars etc, Cutting  and 

Degassing 

 
Figure . Frequency ranges of sound 

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#1
https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#3
https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#4
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Sound waves can propagate parallel or perpendicular to the direction of travel through a 

material. Since the propagation of sound waves is normally associated with a liquid medium.  

• Parallel waves are known as longitudinal waves.  

• Perpendicular waves are also known as shear waves.  

                                         
Figure . longitudinal wave                                         Figure . shear wave  

 Longitudinal waves are capable of traveling in solids, liquids, or gases. And have short 

wavelengths with respect to the transducer dimensions, producing sharply defined beams and 

high velocities. 

Shear waves The particle motion is perpendicular to the direction of wave propagation and 

liquids and gases do not support stress shear under normal conditions, shear waves can only 

propagate through solids. The velocity of shear wave is relatively low compared to 

longitudinal waves. 

 

 

Ultrasound generation  

Ultrasonic wave producing system contains the generator, transducer and the application 

system.  

• Generator: It produces mechanical energy.  

• Transducer: It converts mechanical energy into the sound energy at ultrasonic frequencies.  

There are 3 types of transducer  

1) Fluid-driven  

2) Magnetostrictive  

3) Piezoelectric 

 

 1)Fluid-driven Transducer: The fluid-driven transducer produces vibration at ultrasonic 

frequencies by forcing liquid to thin metal blade which can be used for mixing and 

homogenisation systems.  

Figure . fluid-driven  

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#5
https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#6
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2) Magnetostrictive Transducer: The magnetostrictive transducer is made from a kind of 

ferromagnetic materials such as iron or nickel. The frequency of the oscillator can be adjusted 

by changing the capacitance of the condenser C.  

• A magnetostriction generator produces ultrasonic waves of comparatively low frequency. 

up to 200 kHz.  

  
Figure .Magnetostrictive Transducer 

 

 3) Piezoelectric Transducer:  

• Some naturally piezoelectric occurring  

materials include Berlinite, cane sugar,  

quartz, Rochelle salt, topaz, tourmaline, and bone.  

• man-made piezoelectric materials includes  

barium titanate and lead zirconate titanate. 

 • Piezoelectric Transducer produces ultrasonic  

waves more than 300kHz.  

 

                                             
 Figure . Piezoelectric Transducer: 

In application system a coupler device is used to transfer ultrasonic vibrations to the sample.  
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• probe system  

• ultrasonic bath     

 

 
Ultrasound in food preservation  

• Microbial inactivation mechanism: By cavitation phenomena. During the cavitation process 

it changes the pressure and temperature cause break- down of cell walls, disruption and 

thinning of cell membranes and DNA will be damage.  

Cavitation can be divided into two types  

1) Transient Cavitation: The bubbles oscillate in a irregular fashion and finally implode. This 

produces high local temperatures and pressures that would disintegrate biological cells and 

denature enzymes. 

2) Stable Cavitation: • The bubbles that oscillate in a regular fashion for many acoustic cycles.  

 
                Figure . stable Cavitation    and    transient Cavitation 

 

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#12
https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#13
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• The inactivation effect of ultrasound has also been attributed to the generation of 

intracellular cavitation and these mechanical shocks can disrupt cellular structural and 

functional components up to the point of cell lysis. 

 
Figure . Mechanism of ultrasound-induced cell damage 

 

Methods of ultrasound:  

a) Ultrasonication (US): • it is the application of ultrasound at low temperature. • it requires 

long treatment time to inactivate stable enzymes and microorganisms which may cause high 

energy requirement.  

b) Thermosonication (TS): • It is a combined method of ultrasound and heat. The product 

is subjected to ultrasound and moderate heat simultaneously. This method produces a greater 

effect on inactivation of microorganisms than heat alone.  

c) Manosonication (MS) : • It is a combined method in which ultrasound and pressure are 

applied together. • Manosonication provides to inactivate enzymes and microorganisms.  

d) Manothermosonication (MTS) : • It is a combined method of heat, ultrasound and 

pressure. • MTS treatments inactivate several enzymes at lower temperatures and/or in a 

shorter time than thermal treatments at the same temperatures 

 

 Microbial Inactivation 

Different kinds of microorganisms have different membrane structure.  

• Gram-positive bacteria have a thicker cell wall and also Gram- negative bacteria have a 

thinner cell wall.  

• Factors affecting the effectiveness of microbial inactivation are.  

 Amplitude of ultrasound waves.  

 Exposure or contact time.  

 Volume of food processed.  

Treatment temperature.  

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#14
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• The inactivation of Listeria monocytegenes by high-power ultrasonic waves (20 kHz) at 

ambient temperature and pressure has been found to be low with decimal reduction values in 

4.3 min.  

• By combining sub lethal temperatures and higher pressures of 200kPa the decimal 

reduction value will be over 1.5 min to 1.0 min. 

 • Spore Inactivation • Microbial spores are resistant to extreme conditions such as high 

temperatures and pressures, high and low pH and mechanical shocks. • The endospores of 

Bacillus and Clostridium species are very resistant to extreme conditions.  

• Manosonication treatment at 500kPa for 12min inactivated over 99% of the spores. 

Increasing the amplitude of ultrasonic vibration of the transducer. The increasing the level of 

inactivation.  

• For example 20 kHz probe at 300 kPa, 12 min sonication at 90µm amplitude inactivated 

75% of the spores.  

• By raising the amplitude to 150µm resulted in 99.5% spore inactivation. • Finally 

increasing the thermal temperature of the treatment resulted in greater rates of inactivation 

certainly at 300kPa compared to thermal treatment alone. 

 

 

 

Enzyme inactivation  

• The study of enzyme inactivation by ultrasound has received less attention than microbial 

inactivation.  

• Ultrasound creates continuous vibration and produce stable cavitation bubbles which 

collapse due to the extreme local increase in pressure (1000 P) and temperature (5000 K).  

• Due to high pressure and temperature the secondary and tertiary structure will 

breakdown. And also loss of many enzymes.  

• Application of MTS treatments to model enzymes relevant to the food industry in model 

buffer systems proved to be much more efficient than heat treatment for inactivating these 

enzymes, especially those which are more thermally labile (lipoxygenase and polyphenol 

oxidase). 

 

Effect of ultrasound on food quality  

• Effects of Ultrasound on Dairy Products  

i. Serum proteins are lactalbumin and lactoglobulin are denatured more extensively 

when ultrasound is combined with heat than with these two treatments performed 

separately.  

ii. Similar results were obtained in fat globule homogenization when applying 

continuous manothermosonication. \ 

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#17
https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#21
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iii. This also results in a slight change in milk colour. 

 •Effect of ultrasound on juices  

i. vitamin C retention of orange juice after ultrasonic treatment is higher when it is 

compared to thermal processing.  

ii. The effects of ultrasound and temperature on vitamin C content of tomato extract. 

It was found that there is no significant effect of ultrasound whereas heat treatment 

significantly reduces vitamin C content of tomato extract.  

iii. MTS treatments of pure pectin solutions yielded molecules with lower apparent 

viscosities due to a size reduction. 
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HIGH-PRESSURE TREATMENT OF FOODS.  

 

Principles of High- Pressure processing 

The idea of using high hydrostatic pressure (HHP) as a method of food processing is 

not new. Bert Hite, from West Virginia University, reported in 1899 that high-pressure 

treatment at ambient temperature could be used to preserve milk. In later studies he also 

reported that some micro-organisms, such as lactic acid bacteria and yeasts, associated with 

sweet, ripe fruit were more susceptible to pressure than spore-formers associated with 

vegetables. Research did not progress as the equipment was not available to routinely 

subject foods to the necessary pressures. However, in recent years there has been renewed 

scientific and commercial interest in the process. 

 

https://www.slideshare.net/mayasharma9026/ultrasound-in-food-preservation#22
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HHP- is a method of preserving and sterilizing food, in which a product is processed under 

very high pressure, leading to the inactivation of certain microorganisms and enzymes in the 

food.  

Also known as Pascalization.  

High Pressures applied at short periods of time (20minutes). 

The High Hydrostatic Pressure (HHP) treatment is an athermic decontamination process 

which consists in subjecting packaged food to water pressures from 100 to 900 MPa. 

 

 High-pressure is generally a semi continuous bulk process for liquid foods and a batch 

process for solid foods. 

 
 A typical high-pressure system consists of a pressure vessel and a pressure generator. Food 

packages are loaded into the vessel and the top closed. The pressure transmission fluid, 

usually water, is pumped into the vessel from the bottom. Once the desired pressure is 

reached, the pumping is stopped, valves are closed and the pressure is held without the need 

for further energy input. 
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➢ Hydrogen bonding tends to be favoured while ionic bonds are broken. Hydrophobic 

interactions are disrupted below 100 MPa but can be stabilized at higher pressures. 

Covalent bonds appear to be unaffected by high pressure, so low-molecular-weight 

molecules – such as those responsible for the sensory and nutritional qualities of food 

– are left intact. However, the structure of high-molecular-weight molecules can be 

significantly affected and this can result in altered functionality of proteins and 

carbohydrates. These changes result in micro-organisms being killed, as well as the 

possibility of producing foods of improved sensory and nutritional quality. 

 

➢ High Hydrostatic Pressure treatments affect the non-covalent links (ionic, hydrophobic, 

and hydrogen links) of proteins. 

➢  Sensitivity of different bonds to HHP is in the order of ; 

Hydrophobic > Electrostatic bonds > Hydrogen bonds > Covalent bonds.  

➢  The secondary, tertiary, and quaternary structures can be unfolded and dissociated 

while the primary structure remains stable. 

➢ Enzymes will at sufficiently high pressure undergo conformational Changes and thus 

lose activity. 

 

 
Effect of Pressure on Biomolecules There are two main principles involved in high-pressure 

processing: the isostatic principle and the Le Chatelier principle. The former states that 
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pressure is transmitted uniformly and instantaneously throughout the sample. This process is 

independent of the volume or geometry of the sample. This property gives HHP an important 

advantage over conventional thermal processing. The Le Chatelier principle states that the 

application of pressure to a system in equilibrium will favour a reduction in volume to 

minimize the effect of pressure. Thus, reactions that result in a volume decrease are 

stimulated, while those causing a volume increase are disrupted. 

 

 
 

 Industrial applications                                      

Industrial applications of h.- p. technology The first commercial high-pressure processed 

product was a high-acid jam, launched in 1990 by the Meida-ya Food Factory Co., Japan. 

Since then several other pressure-treated products have been launched in the Japanese 

market, including fruit sauces, juices and jellies. A high-pressure processed orange juice is 

also available in France and a pressure-treated avocado dip is available in the USA. 

Pressurized fruit products are normally given a treatment of around 400 MPa at 20°C. 

It is claimed that the color and flavor of the fresh fruit is maintained and there is only a slight 

decrease in vitamin C content. Yeasts and moulds, which are the main cause of spoilage in 
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fruit products, are relatively sensitive to pressure, so the microbiological quality of the 

products can be improved. However, enzymes such as polyphenoloxidase, which causes 

browning, are resistant to pressure and therefore can limit the shelf life. 

 For these reasons the current commercial applications of HHP as a preservation method have 

been limited to high-acid, chilled foods where spore-forming bacteria are unlikely to be a 

problem and enzymatic activity is retarded by refrigerated storage. However, extensive 

research and development programmes are in progress in Japan, Europe and the USA and it 

is likely that other foods, including fruit, dairy, meat and fish products, will be launched into 

the international market. 

 

 

OHMIC HEATING  

Ohmic heating principle Ohmic heating is the term used to describe direct electrical resistance 

heating of food product by the passage of mains frequency (50-60Hz) electric current through 

the continuous flow of product (Fig. ). 

 
 Depth of penetration is virtually unlimited and the extent of heating is determined by the 

spatial uniformity of electrical conductivity throughout the product and its residence time in 

the heater. The applicability of Ohmic heating is dependent on product electrical conductivity. 

Most food preparations contain a moderate percentage of free water with dissolved ionic salts 

and hence conduct sufficiently well for the Ohmic effect to be applied. 

 

Processing applications The Ohmic heater was originally developed by the UK Electricity 

Research and Development Center and in 1984, APV Baker, secured a license for the heater 
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system and since then has undertaken substantial further development with respect to the 

following specific applications within the food processing industry: - Aseptic processing of 

high added value ready prepared meals for storage and distribution at ambient temperatures. 

- Pasteurization of particulate fruit products for hot-filling. - Pre-heating of food product prior 

to in-can sterilization. - The hygienic production of high added value prepared meals for 

storage and distribution at chilled temperatures. 

 A number of commercial systems are now operating in the production of a range of high 

added value food products                             .      

-Fresh tasting, high quality products with increased nutrient retention due to minimal thermal 

and mechanical damage. High levels of product safety due to minimum residence time 

differences between liquids and particulates. Low flow velocities and virtual absence of 

moving parts make Ohmic heating the ideal process for delicate, shear sensitive products. 

Low maintenance costs. Continuous flow without hot heat transfer surfaces, thereby 

eliminating plant fouling. Rapid and even heating of both liquid and particles, minimizing 

heat damage and giving vastly superior organoleptic properties.Quietness of operation giving 

a better working environment.Easy to control with fast start-up and shut down minimizing 

product losses. A turndown facility is also available.When combined with an aseptic filling 

system, product can be stored and distributed at ambient temperatures, avoiding the need for 

costly refrigeration. 

 

 DIELECTRIC HEATING  

Dielectric heating: the techniques of Microwave and radio frequency (RF) heating. Both are 

forms of electromagnetic energy Selection of RF (3 kHz-300 GHz) or Microwave (300 

MHz-300 GHz) heating: depends on product physical properties and process conditions. 

Basic principle: If a material is placed in an electric field alternating at radio or microwave 

frequencies, heat is generating throughout the mass of the material by the rapid reversal of 

polarization of individual molecules. 

  

Pulsed electric field (PEF) processing is a new food pasteurization method that uses short 

bursts of high voltage electric fields on foods to achieve desired microbial inactivation or 

modification of food structure. 

PEF processing applies high voltage pulses (20–80 kV/cm) with a duration of milliseconds 

to microseconds to treat liquid foods placed between two electrodes (Zhang et al. 2010; 

Toepfl, Heinz, and Knorr 2006). For solid foods, 1–8 kV/cm is used due to the large gap in 

the treatment chamber and the power limit of the pulse generator. The electric field may be 

applied as exponentially decaying, square wave, bipolar, or oscillatory pulses at ambient, sub-

ambient, or slightly above-ambient temperatures. The pulses are applied at high repetition 
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rates (up to 3,000 pulses per second) so that the entire volume of the food sample can be 

treated. 

 
 

PEF processing applies a series of short, high-voltage pulses. These pulses rupture the cell 

membranes of vegetative microorganisms by creating pores or by expanding existing pores 

(electroporation). The ruptures cause leak of intracellular contents, resulting in the 

concomitant loss of cellular metabolic activity such as growth and division, thus causing 

microbial inactivation (Buckow, Ng, and Toepfl 2013). 

The inactivation of microbial populations by PEF depends on a variety of PEF equipment 

process parameters and treatment chamber geometry (Jin, Guo, and Zhang 2015): 

➢ electric field strength 

➢ treatment time 

➢ pulse frequency 

➢ pulse width 

➢ treatment temperature 

Microbial efficacy of PEF treatment is also influenced by various product parameters: 

➢ acidity 

➢ presence of antimicrobial and ionic compounds 

➢ conductivity 

➢ medium ionic strength 

PEF treatment has limited effect on bacterial and mold spores, enzymes, and viruses. 

To date, PEF is primarily used as a pasteurization technique. The technology does not 

inactivate bacterial spores. Ongoing research suggests that PEF in combination with heat may 

inactivate bacterial spores, but more comprehensive research is needed before PEF can be 

used as a sterilization method. To increase the degree of microbial inactivation and extend 
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the shelf life of food, PEF processing can be combined with mild heating or other nonthermal 

processing and antimicrobial packaging (Jin 2017). 

What Are Current Applications of PEF in the Food Industry? 

PEF processing is used for food pasteurization. In 2005, PEF-processed organic fruit juice 

products were sold in the commercial market in Oregon, United States. PEF-pasteurized foods 

include liquid food (fruit juice, beverage, milk, liquid egg, etc.) and semi-solid food (yogurt, 

applesauce, salsa, pudding, etc.). 

In recent years, PEF technology has been used for extraction and dehydration of foods where 

lower field strength (<10 kV/cm) is employed (Yu, Jin, Fan, and Wu 2018). PEF pretreatment 

facilitates the release of nutrients from fruits, vegetables, and herbs, thus increasing the extract 

yields. PEF pretreatment also promotes liquid diffusion inside food. The pretreatment 

significantly reduces food dehydration time and enhances the quality of dry or semi-dry food 

products (Yu, Jin, Fan, and Xu 2017). 

Potato processors from the United States, Canada, Europe, and Australia use PEF 

pretreatment to improve cut quality and reduce French fry breakage as an alternative to 

preheaters. 

✓ PEF pretreatment of potatoes has many advantages: 

✓ reduces water and energy consumption 

✓ shortens drying and pre-frying times 

✓ reduces frying oil absorption and fat content up to 50% 

✓ enhances extraction of juice yields from fruits 

✓ reduces the solid volume (sludge) of wastewater 

COLD PLASMA TECHNOLOGY IN FOOD PROCESSING  

 Introduction Conventional states of matter  

 Solid,  Liquid, Gas and  Plasma 

 

https://www.slideshare.net/MohsinAga1/cold-plasma-technology-in-food-processing#1
https://www.slideshare.net/MohsinAga1/cold-plasma-technology-in-food-processing#3
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 As materials acquire energy (such as by heating), they change state, from solid (lowest 

energy) to liquid and then ultimately to gas.  

Plasma is an ionized gas that consists of a large number of different species such as, electrons, 

free radicals, positive and negative ions.  

It was first discovered by Irving Langmuir in 1923.  

Cold Plasma Technology   

Cold plasma is a novel non thermal food processing technology  

 It uses electricity and a carrier gas, such as air, oxygen, nitrogen, or helium.  Energetic and 

Reactive gases results in inactivation of contaminating microbes . 

 

 Applied in meat, poultry, fruits, and vegetables.  

 

Cold Plasma Discharge Systems Three types  

1) Glow Discharge  

2) Radio Frequency Discharge  

3) Dielectric Barrier Discharge (Becker et al. 2005) 

 

Application of Cold Plasma in Foods  

1. Microbial decontamination of foods.  

2. Modification of the Functionality of Food Materials .  

3. Sterilization of Food Packaging Material .  

 

Microwave Food processing  

Microwaves (very short wave) Electromagnetic waves whose frequencies range from about 

300 MHz – 300 GHz or wavelengths in air ranging from 100 cm –1 mm.  

The shortest wavelength region of the radio spectrum and a part of the electromagnetic 

spectrum.  

 History • The first continuous magnetron was invented by Randall and Boot, who worked 

on producing a radar source to power radar sets for the British military during World War 

II.  

• A patent was issued in 1950 for “a method of treating foodstuffs” in which a closed 

microwave oven was described for the first time. 

The first major applications:  

1. Drying of potato chips  

2. Pre-cooking of poultry and bacon  

3. Tempering of frozen food and  

https://www.slideshare.net/MohsinAga1/cold-plasma-technology-in-food-processing#6
https://www.slideshare.net/RuchikaZalpouri/microwave-processing#3
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4. Drying of pasta (Decareau, 1985).  

While the first patent describing an industrial conveyor belt microwave heating system was 

issued in 1952 (Spencer, 1952) Cont.. 

 
A microwave oven // is a kitchen appliance that cooks or heat food by dielectric heating.  

 
 It is accomplished by using microwave radiation to heat water and other polarized 

molecules in the food.  
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MICROWAVE HEATING DEPENDS UPON  MOISTURE CONTENT  

• High moisture content generally translate into greater microwave absorption and 

decreased penetration depth.  

• Moisture content is high, product will heat more efficiently due to larger dielectric loss 

factor  

• Products of lower moisture content may also heat well due to lower specific heat capacity 

FREQUENCY  

• The frequency of microwave greatly influences the depth of penetration. • Frequency 

increases and depth of penetration decreases. 

 • The surface heating effect is more prominent in 2450MHz whereas center heating effect 

in more prominent in 915MHz. 

 PRODUCT PARAMETER  

• A direct relationship exists between the mass and the amount of absorbed microwave 

power.  

• Density affects microwave heating; direct relationship exists between density and 

dielectric constant.  

• It affects the depth of microwave penetration, and the heating rate and uniformity 

Applications of Microwave  

• Detect speeding cars  

• Send telephone, radio communication  

• Cure rubber  

• Food processing 

 

APPLICATIONS IN FOOD PROCESSING INDUSTRY  

Baking and Cooking Case Study Microwave Cooking  

Thawing and Tempering  

Microwave Drying Microwave Assisted Freeze Drying Microwave-Assisted Vacuum 

Drying Microwave 

https://www.slideshare.net/RuchikaZalpouri/microwave-processing#24
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Microwave Assisted Air Drying (Md)  

Microwave Assisted Freezing Drying (Mfd)  

Microwave Assisted Vacuum Drying (Mvd)  

Microwave Blanching  

Microwave Pasteurization and Sterilization 
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 Supercritical Fluid Extraction (SFE)  

Nontoxic, nonflammable, with good solvent power, low viscosity, high diffusivity, easily 

removable. 

Traditionally, the oil extraction was mainly carried out by mechanical pressing. With time, 

this has evolved to the extraction by means of organic solvents such as Chloroform, 

Hexane, Acetone, etc. However, this process is time consuming and involves great amounts 

of solvent to achieve reasonable extraction yields. Its other disadvantage is that residual 

solvent traces still remain in the oil and may have bad effects on the human health as well as 

on the environment. These facts have encouraged the development of new processes such as 

Supercritical Fluid Extraction which can be regarded as a green and a friendly route to 

produce oils from solid matrices and upon which the present study is mainly based. 

Supercritical Fluid Extraction The extraction by means of supercritical fluids has been 
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developed for many years, using mainly supercritical carbon dioxide CO2 as fluid for 

various applications.However the CO2 properties such as its non-toxicity, non-polarity, 

non-flammability, moderate critical properties, abundance and a low cost, have made it the 

most suitable and widely used as a supercritical fluid in the great majority of processes . 

https://doi.org/10.1016/j.supflu.2017.08.005 Supercritical fluids can be used to extract 

analytes from samples. The main advantages of using supercritical fluids for extractions is 

that they are inexpensive, extract the analytes faster and more environmentally friendly than 

organic solvents. For these reasons supercritical fluid CO2 is the reagent widely used as the 

supercritical solvent. With the adequate temperature and pressures, carbon dioxide migrates 

into a supercritical phase where it behaves as a gas and a liquid, and becomes an effective 

solvent 

 

 

Super Critical Fluid Extraction  

•This method is commonly referred to as the supercritical carbon dioxide extraction method 

as compressed carbon dioxide with properties of 10– 50 MPa pressures and 35–80 °C 

temperatures is the most frequently used as solvent.  

•It has a relatively low critical temperature (31.1 °C), is nontoxic, nonflammable, with good 

solvent power, low viscosity, high diffusivity, can be easily removed from the product, and 

is readily available at low cost.  

•Unlike other methods that require thermal treatment after extraction, the separation of 

supercritical carbon dioxide from the extracted oil occurs by simple depressurization 

https://www.slideshare.net/RamabhauPatil1/mpkv-lecture-3-advances-in-oil-seed-processing-technologies-238661406#21

