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Abstract: Emerging technologies include opportunities that arise from new knowledge as well as from the innovative
application of existing knowledge to the food processing industry. Today the main emphasis in the food processing field
is concern with the consumer’s demand for fresh-like, minimally processed foods, consumer safety, better nutrition and
convenience and demand for minimal negative effects on the environment and on energy resources. Different modes of
thermal treatment, high pressure processing, electric pulse, irradiation and innovation in refrigeration are commonly
used for food processing with certain advantages and disadvantages, which are the key factor  to select a particular
technique along with the type of food material and the cost of processing. Current review article represents the
development and trends in ongoing food processing technology.
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1. INTRODUCTION
Food is the necessity of life and the tremendous increase in the population requires the higher demand of food
with quality and variety. With the help of new technology we have achieved the enhanced food production but
the production takes place during certain time periods and it requires the supply of food continuously
throughout the year. The price of food material is also very fluctuating, during production period large supply
of food decreases the price and with time it gets increasing. The alternate is to store the food material for
longer periods to maintain the continuous supply and regulate the cost. Some food materials have smaller
shelf life therefore require the processing and preservation. However conventional methods are there to
preserve the food materials but certain adverse effect of these treatments requires the use of innovative
processing and preservation technology to fulfil consumer’s demand for fresh-like, high shelf life, minimally
processed foods, consumer safety, better nutrition and convenience and demand for minimal negative effects
on the environment and on energy resources.

Refrigerated foods, pre-cooked or minimally thermally processed, represent the fastest growing food segment
today, due to their image of freshness, high quality and convenience. The consumer no longer deems limited
shelf life as a negative, but rather a sign of the natural property of non-manipulated food. For economical and
practical reasons, however, it is desirable that shelf life can be sufficiently prolonged for distribution and a
reasonable time of storage in the home refrigerator.

Technology provides a wide range of tools that can be applied to food, yet consumer acceptance wavers
depending on the application. It can be used to enhance nutrition and food safety, and help expand the food
supply by enhancing the shelf life of the food materials.

2. THERMAL TREATMENT
Thermal sterilization and pasteurization is predominantly used in food industry since a long time for their
efficacy and product safety record. Excessive heat treatment may however cause undesirable protein
denaturation, non-enzymic browning and loss of vitamins and volatile flavour compounds. Many consumers
consider cooked and caramelized flavours of sterilized milk as taste defect. The loss of nutrients follows
approximately first order reaction kinetics with smaller activation energy for reaction than microbial
destruction[13]. Thus nutrient destruction is more sensitive at lower temperature than microbial destruction.
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Therefore conventional thermal sterilization and pasteurization eliminates more nutrients and gives sufficient
time for harmful reactions.

Advances in technology allowed optimization of thermal processing for maximum efficacy against microbial
contaminants and minimum deterioration of food quality. High temperature short time (HTST) pasteurization
and ultra high temperature (UHT) sterilization minimizes these undesired reactions. A target for minimal
thermal processing is to approach a true HTST process. When temperatures go up to in the range 125-135°C
the rate of bacterial spore destruction is much higher than that for the deterioration of sensory properties or
nutritional values and can achieve a safe process with minimal loss of quality. Limiting factors for in-package
HTST treatment are heat transfer properties and product or package thickness. If heat transfer is slow and
product thickness high, high temperatures will lead to overheating of outer food layers.

3. HIGH PRESSURE PROCESSING(HPP)
This is a better alternative of the heat treatment as the food processing takes place almost at room temperature
or little higher thus preventing the undesired reactions which occurs at higher temperature. 100-1000 MPa
pressure is used for a few minutes (2-3 min) to treat the food material while allowing only slight increase in
the temperature while raising the pressure. Typically a pressure of 350 MPa applied for 30 min or 400 MPa
for 5 min will cause a tenfold reduction in vegetative cells of bacteria, yeasts or moulds[7]. The microbial
destruction mechanism involves:

1. Cell membranes are destroyed irreversibly
2. Irreversible changes to the membrane macromolecules (proteins)
3. Destruction of homogeneity of the intermediate layer between cell wall and cytoplasmic membrane
4. Deactivation of membrane ATPase
5. Disruption of nucleic acid and ribosomes involved in protein synthesis
This technique significantly gives reduction /elimination of heating thus provides high retention of flavour,
color and nutritional value. The pressure is uniformly distributed so gives uniform product quality and also
offers new food product design potential (creation of new texture, taste and functional properties. This
technique provides improved emulsifying capacity, water binding capacity, stability, gelling and foaming of
proteins through unfolding of their tertiary and quaternary structure and has control over enzymic reaction.
The process is energy efficient, gives reduction in processing time and has capability to operate under
continuous and semi-continuous mode.

4. PULSED ELECTRIC FIELD PROCESSING(PEF)
Pulsed electric fields technology involves the treatment of a biological material or food placed between two
electrodes installed 0.1-1.0 cm apart in a treatment chamber separated by an insulator with short pulses (1-10
µs) that are generated by the high voltage pulse generator[1]. This technique delivers the pulses at high
electric field intensity (5-70 KV/Cm) for a few milliseconds. High voltage treatment produces a series of
structural and functional changes such as destabilize the lipid bilayer and proteins of cell membranes and
electroporation by which cell wall is perforated and cytoplasmic contents leak out that leads to microbial
death[6].

In case of milk treatment pulsed electric field treatment gives similar shelf life as in the case of HTST
treatment. The vitamin content, B1, B2, D and E with this treatment remains unchanged thus provides better
quality than HTST and LTLT. The pH, titratable acidity, fat content, fat and protein integrity, starter growth,
rennet clotting time, yield, calcium distribution, color, moisture and particle size are unaffected.

5. IRRADIATION
Ionizing and non-ionizing radiation are used for food processing. Ionizing radiation such as γ-rays, x-rays and
electron beams are used in controlled amount. γ-rays are important  electromagnetic rediations emitted from
the excited nucleus of elements such as 60Co and 137Cs for food preservation because these are by-products of
atomic fission or atomic waste products. γ-rays are cheapest and has superior penetration power. Shelf life
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extension and/or sterilization of dairy products for making it shelf stable using radiation treatment is not
widely accepted in practice because the ionizing energy through the formation of radiolytic products
especially in high lipid based food generates unacceptable off flavours and odours via oxidation or
complimentary with use of other preservation techniques including refrigeration and/or preservatives such as
sorbic acid.

In non-ionizing radiation, ultraviolet rays, microwaves and ultrasonic waves are most commonly used.
Ultraviolet rays are highly effective at wavelength 2600 A° and acts as a bactericidal agent. These rays are
absorbed by the proteins and nucleic acids causing photochemical changes (mutations in nucleic acids) and
leads to cell death. Small penetration power of these renders the limited use in food processing. It may be used
for surface application where it may cause oxidative changes such as rancidity, change in colour and other
undesired reactions. The decontamination of bulk tank milk with pulsed UV light was investigated by Smith
et. al.[15].

When the charged asymmetric molecules which are electrically neutral are placed in an electromagnetic field
the asymmetric molecules attempts to align itself with rapidly changing alternating current field causing
oscillations of molecules. During this process intermolecular friction is created and heat is generated called
microwave energy. In most of the food   research two frequencies were used, 915 and 2450 megacycles. In 1
megacycle the molecules oscillate 1 million times per second[4]. The effectiveness of radiation treatment
depends upon the composition of food material[11], presence or absence of oxygen[12], physical state of
food[9,5] and age of organism.

The sound waves having frequencies greater than 20 kHz are called “Ultrasonics” or “Supersonics”. The term
supersonics is used for sound waves having velocities greater than that of sound. Ultrasonic waves increases
the rate of drying without increasing the temperature significantly which reduces the oxidation and
degradation of food materials. Ultrasound increases the heat transfer approximately 30-60% between a heated
solid surface and a liquid[3]. It reduces the size of ice crystals by preventing incrustation on freezing surface
and helps in ice cream manufacturing[16]. In meat industry variation in beef tenderness is another big
problem[8]. Meat tumbling with the use of ultrasound gives significant increase in yield, tenderness and
juiciness of the treated product[2].

6. ALTERNATIVE THERMAL PROCESSING
In this technique basically heat treatment is used for food processing but the method of heat generation is
different from the conventional heating processes. Ohmic heating and microwave heating are the most
commonly used techniques for food processing and preservation. The microwave heating was previously
discusses under the irradiation section. Ohmic heating is the phenomenon in conducting materials when
electric current is passes through it thus converting the electrical energy into heat energy. This method can
only be used with the conducting food materials therefore Electrical conductivity of various fruits were
calculated while Ohmic heating. The electrical conductivity of pineapple at 25°C was very low and
significantly differs from apples and pear. Peach and strawberry had shown very high electrical conductivity.
Apples and pineapple had low electrical conductivity at higher temperatures (40-140°C). The gap in the
electrical conductivity between strawberry and peach, and other fruits increased with the temperature[14].
Cloudberry jam was treated with Ohmic heating and also by traditional method. The sensory attributes and
rhelogical properties of Ohmic heated jam and jam prepared by another method had no significant
difference[10].

7. MODIFIED ATMOSPHERIC PACKAGING(MAP)
One important factor to enhance shelf life of packed food materials is modified atmospheric packaging, which
is in rapid increase and usually based on headspace combinations of nitrogen, carbon dioxide and oxygen in
flexible packaging in high barrier laminates. In another research effort modified atmospheric packaging
studies include the use of high level oxygen, nitrous oxide and argon as headspace gas components. These
gases can be applied individually or mixed according to specific ratios. CO2 is most commonly used because
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it generates anaerobic environment, reduced pH value and penetrates biological membranes causing changes
in permeability and function, ultimately leads to better preservation of certain foods. The positive results with
argon, recently reported by the Air Liquid Company. The very high oxygen levels appear to have some
beneficial effect for certain foods but not for all. N2 gas is used to prevent oxidation of food materials as it has
inert behaviour and displaces present oxygen from the environment. For non-respiring foods, a good barrier
property is a packaging requirement, but also convenience and microwaveability are important.

8. CONCLUSION
The main issue with the convention thermal processing of food is the change in properties such as loss of
volatile components, freshness, colour, texture and also the loss of nutrients. Now a day’s various alternative
food processing and preservation technologies are innovated which provides better quality of food with large
shelf life. The costs of equipments as well as the operational cost in these methods are lower than the
conventional thermal heat treatment thus lowering the cost of final product. Thus the better quality, lower cost
and higher shelf life increases the acceptance of these innovative techniques at industrial scale. However it
requires some modification to use these techniques at medium and small scale industries because of the higher
cost of equipments at small scale.
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