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Abstract: Drying is one of the most popular and common fruit preservation technique. Fruits are dried to extend
storage life and reduce transport weight. The use of microwaves in drying has been growing in recent years. Now a
day’s microwave drying is the most common method for fruits. In resent research on microwave drying have some
limitations like excessive heating at the edges and corners of the product. Due to this scorching problem are occurred
also it causes the off-flavor. To reduce the energy wastage and operational cost new dimensions came up in drying
techniques. The advantages of MW combination drying techniques include shorter drying times, improved product
quality and Flexibility in producing a wide variety of dried products. The drying rate can be significantly increased; the
nutritional value, color, and original flavor can be largely maintained; puffing, drying, and sterilization are
accomplished simultaneously to enhance the overall product quality; heat loss is decreased because the drying time is
shortened and the difference in temperature between the inside and outside of the equipment is small; energy absorption
is proportional to the residual moisture content and can be easy controlled; and MW drying can be performed at lower
temperatures suitable for processing heat-sensitive materials.

Keywords: Microwave, vacuum Drying, Energy saving, conventional heating.

I. INTRODUCTION

Fruit drying is the process of removing moisture. Fresh
fruits or vegetables last for few days; if we use the drying
methods for fruit preservation then they can be stored for
months or even years. Drying is defined as simultaneous
heat and mass transfer operation in which water activity of
material is lowered by the removal of water by
evaporation into an unsaturated gas stream. [1]. The
development of new, high quality and customer attractive
dried fruit product is need of the market. Hot air drying is
the most common method to preserve fruits but due to this
method it causes the dehydration of product. Also this
process has negative impact on product quality due to the
long drying time and high temperature employed. The
quality of the conventionally dried product is lower than
the original product with an impact on color, texture and
other characteristics. Preservation of fruit with drying by
sun and solar technique, yield poor quality.

The dried product’s quality depends upon the drying
conditions and methods to be used. To reduce these
problems, faster and more effective drying process, such
as microwave drying method, should be considered for
fruit dehydration. Recently, microwave drying method has
been proposed as a efficient drying alternative to
conventional hot air drying. Microwave leads to a
volumetric heating which means that all the materials like
fruits and wvegetables can be heated to the desired
temperature at the same time. In the microwave heating,
microwaves are directly absorbed and convert it in to the
heat. Heating process is started from the inside of the fruit
and this is faster than the conventional heating.

Advantage of microwave heating is the shorter drying
time, improved food quality and original flavor can be
maintained. Due to shorter drying time heat loss also
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minimized. Microwave drying can be operated at lower
temperatures suitable for processing heat-sensitive
materials. In microwave all the material can be heated to
the desired temperature at the same time.

One of the applications of microwave drying is in food
industries to make different flavors of different fruits.

Il. MICROWAVE DRYING

The microwave generator (magnetron) produced
microwaves with varying power densities based on the
supplied power. The generated microwaves were guided
using the waveguides into the microwave cavity [2].
Microwave drying uses electrical energy in the frequency
range of 300 MHz to 300 GHz. The most commonly used
frequency is 2,450 MHz. Microwaves are generated inside
an oven. This is done with the help of the magnetron tube.
Microwave drying offers to shorten the drying time
without degradation of final quality of the dried product.
The use of microwave energy for drying has been
demonstrated to have moderately low energy
consumption. When the material couples with microwave
energy, heat is generated within the product through
molecular excitation. The critical next step is to
immediately remove the water vapour. A simple technique
for removing water is to pass air over the surface of the
material hence combining processes to form what is called
“microwave convective drying”.

111. MICROWAVE CONVECTION AND
MICROWAVE VACUUM DRYING

Since the boiling point of water is reduced at lower
pressures, vacuum can be applied to microwave drying to
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improve product quality. There have been numerous
studies on the application of vacuum to microwave
drying.[12] Microwave drying has a big advantage
compaired with conventional drying, because in
microwave drying heat is generated by directly
transforming the electromagnetic energy in to kinetic
molecular energy, thus the heat is generated deep within
the product to be dried. Microwaves are not forms of heat
but rather forms of energy that are prove as heat through
their interaction with materials. Most of the moisture is
vaporized before leaving the material. If the material is
very wet and the pressure inside rises rapidly the liquid
will be removed from the material due to the difference in
pressure. This results in very rapid drying without the need
to overheat the atmosphere and perhaps cause case
hardening or other surface overheating phenomena.

IV. ENERGY SAVING AND BENEFITS OVER
CONVENTIONAL HEATING

1. Reduce man-hours and downtime involved in cleaning

2. Smaller equipment footprint

3. Eliminate warm up and cool down time

4. Microwave energy does not heat the room only the
material

Microwave drying works fast. This is because instead of
applying energy only to the outside of the product,
microwaves work directly to dry material from the inside
out. Most conventional heating and drying methods
approach material from the surface, applying heat only to
the outside edges. This technique removes surface
moisture very quickly, but it is highly inefficient when it
comes to removing liquid trapped inside the material. If
external temperatures are kept high enough, as in an oven,
the material’s inner moisture will diffuse to the surface
and evaporate, but this is a passive and lengthy process.

Fig.1:- microwave vacuum dryer

By contrast, in microwave heating, moisture is forced out
in the form of a vapor, such as steam. It can dry most
materials in less of the time required by conventional
methods.
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V. MICROWAVE DRYING OF TOMATO SLICE

Fig.2:- Microwave drying of tomato slice

In Microwave drying tomato slice was sampled, From the
starting of the drying the change in the sample weight was
recorded at the time intervals of 2 minutes. The drying
tests were terminated when the moisture content indicated
10%. The final moisture content of each sample was
measured in order to calculate the moisture content at each
weighing interval. Among several subjective quality
attributes of dried tomato slices the colour is an important
one which indicates the level of effects of different drying
methods or conditions. Drying using 1.13 W g-1 coupled
with 50°C hot air ventilation and by hot air ventilation at
the temperatures of 40 and 50°C without microwave
heating was found to be the best in terms of maintaining
the colour quality of the tomato slices.

VI. MICROWAVE DRYING OF APPLE

Fig.3:- Microwave drying of apple

Dried fruits are widely used as components in many food
formulation such as pastry, confectionery products, ice
cream, frozen desserts and yogurt. Among them, dried
apples are a significant raw material for many food
products. The drying process was progressed through two
stages,in the first stage the samples were put in a
microwave oven until drying took place mainly in constant
rate period, approximately 55% of the water was removed
in this period. After that the forced draft oven was used
until the apple samples reached the final moisture content.
The second stage, the apple samples were put in forced
draft oven to reach the final moisture content. For one
hour or two hours The value of the drying constant
increased with increased microwave output power. The
change in color values was dependent on the pre-
treatment. The 45% sugar solution showed decrease
drying rate than the other treatment. The increasing on the
density power (W/g) the drying rate increased by 35%.
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The drying apple process, the apple samples could be
microwave dried t020% moisture content wet basis in few
minutes (rang 3 to 5 minutes).

VII. MICROWAVE-VACUUM DRYING OF
STRAWBERRIES

These fruits have a delicate sweet-smelling flavor and very
pleasant bittersweet taste. However, strawberries are easily
degraded by spoilage due to their high moisture content,
about 90 % (wet basis). Strawberries are mainly used in
jams, dairy products, biscuits and cookies, preserved
foods, and syrups or could be directly consumed as fresh
or dehydrated fruit. Chile is currently exporting 16 % of its
production of dried fruits to the USA, 14 % to Mexico,
and 10 % to Europe (Central Bank, Chile 2014). Hence,
there is a clear economic incentive in the dehydration of
types of fruits. The vacuum-microwave drying system
operated for 2.5 h at a temperature between 40 and 60 °C.

Fig.4:- Microwave drying of Strawberries

An optimal location of magnetron with a suitable
microwave power improves the drying uniformity of fruit.
The energy received by the fruit was the difference
between that provided by the magnetron and the one
consumed in heating water.

VIIl. MICROWAVE DRYING OF LEMON SLICES

Lemon samples placed at room temperature for 4 h to
reach thermal equilibrium with the environment. For each
experiment, the lemons were cut into 4 mm thickness
slices perpendicular to the fruit axis and approximately
200 g of the samples (lemon slices with peel) were spread
thinly as a monolayer on tray in an air ventilated oven.
Lemon slices were dried in an air ventilated oven dryer at
temperatures of 50, 60 and 75 °C. Drying temperature had
a significant effect on drying time where the process time
for drying temperatures of 50, 60 and 75 °C was about
4350, 2120 and 1100 min, respectively. No constant rate
period was seen and the entire drying processes occurred
in the falling rate period.

CONCLUSION

Many new dimensions came up in drying technology to
reduce the energy utilization and operational cost.
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Selective and volumetric heating effects, microwaves
bring new characteristics such as increased rate of drying,
enhanced final product quality and improved energy
consumption. Combination drying with an initial
conventional drying process followed by a microwave
finish or microwave vacuum process has proven to reduce
drying time while improving product quality and
minimising energy requirements. However, several factors
should be taken into consideration when developing
drying system for the fruits and vegetables. The
microstructure of microwave-dried samples showed
certain discontinuities; however, the overall mechanical

strength was improved.
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