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Abstract: Dielectric properties of foods are used to explain interactions of foods with electric fields. It determines the
interaction of electromagnetic waves with matter and defines the charge density under an electric field. For engineering point
of view, dielectric properties are the foremost important physical properties related to radio frequency and microwave heating,
it is critical to possess knowledge of the dielectric properties of materials in products and process development and, within the
modern design of dielectric heating system for the need of desired process. Dielectric properties are often categorized into two:
dielectric constant and dielectric loss factor. Dielectric constant is the ability of a material to store microwave energy and
dielectric loss factor is the ability of a material to dissipate microwave energy into heat. Dielectric properties of food materials
are required for various applications in food industry like microwave (at 915 or 2450 MHz), radio wave (at 13.56, 27.12 or
40.68 MHz) and magnetic field processing. In this review, the dielectric properties of various food groups were listed such as;
Cereal grains and oilseeds, Bakery product, Dairy products, Poultry products, Fruits and vegetables. Dielectric properties are
utilized in fruit drying processes, protect food materials from insects that already present in dried fruits, pasteurization,
sterilization, tempering of concentration of liquid foods such as fruit juices, identification, processing, quality monitoring of
fats and oils and improvement during oil processing and storage. The dielectric studies of food materials are an important tool
to identify the quality of food materials and to improve dielectric heating uniformity. Frequency, moisture content, phase
change, storage time and temperature are main factors that influence the dielectric properties of food material.
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constant (¢’) is that the ability of a material to store

1. Introduction

Dielectric properties of foods are important because they
show microwave or radio frequency heating ability of food
products. Dielectric properties also can be utilized in assessment
of food quality. For engineering point of view, dielectric
properties are the foremost important physical properties related
with radio frequency and microwave heating, it is critical to
possess knowledge of the dielectric properties of materials in
products and process development and, within in the modern
design of dielectric heating system for the need of desired
process [1].

Dielectric properties are often categorized into two:
dielectric constant and dielectric loss factor. Dielectric

microwave energy and dielectric is loss factor (¢”) is the
ability of a material to dissipate microwave energy into heat.
The parameter that measures microwave absorptivity is the
loss factor. The values of dielectric constant and loss factor
were play important roles in determining the interaction of
microwaves with food [2].

Dielectrics are a category of materials that are poor
conductors of electricity, in contrast to materials like metals
that are generally good electrical conductors. Many
materials, including living organisms and most agricultural
products, conduct electric currents to some degree, but are
still classified as dielectrics [3]. The electrical nature of these
materials can be described by their dielectric properties,
which influence the distribution of electromagnetic fields and
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currents within the region occupied by the materials, and
which determine the behavior of the materials in electric
fields. Thus, the dielectric properties determine how rapidly a
material will warm up in radio frequency or microwave
dielectric heating applications [4].

Dielectric properties are important characteristics determining
interactions of materials with electromagnetic energy. When
materials are exposed to the intense radio frequency (at 13.56,
27.12 and 40.68 MHz) or microwave electric fields (at 915 or
2450 MHz for industrial heating applications and 2450 MHz
for domestic ovens; 5800 or 24225 MHz for laboratory and
research projects), the dielectric properties indicate the rate of
dielectric heating (DH) [5]. The interactions between dielectric
energy and food products at any given frequency range gives
useful information related with the microwave or radio
frequency processing [6, 7]. Furthermore, the knowledge about
dielectric properties is vital for developing successful and
uniform pasteurization treatments to select the optimal
frequency ranges by radio frequency (RF) and microwave
heating energy [8].

Dielectric properties of materials are used for evaluating
their interactions with electromagnetic energy. Dielectric
properties of food materials are required for various
applications in food industry like microwave (at 915 or 2450
MHz), radio wave (at 13.56, 27.12 or 40.68 MHz) and
magnetic field processing. So as to know the response of food
materials to electromagnetic energy, dielectric parameters must
be determined as a function of frequency, temperature,
composition and moisture content [9].

Knowledge of the connection between frequency and
dielectric properties is useful in determining the optimum
frequency range in which the material has the desired
dielectric characteristics for intended applications and
useful in studying and developing heating processes or
grading techniques based on electromagnetic energy [10],
and also uses in the selection of proper packaging materials
and cooking utensils and in the design of microwave and
radio frequency heating equipment [11]. The moisture
dependent dielectric properties in specific frequency ranges
are often want to develop online moisture meters [12]. The
possible selective dielectric heating for control of insects
that infest stored grain [13]. The dielectric properties data
also are important within the investigation of seed treatment
to enhance germination reported that dielectric
measurements also can be want to measure density and
water activity [14].

2. Dielectric Properties

Dielectric properties have big importance and applications
for foods, which are associated with novel microwave or
radio frequency heating treatments. These are the most
parameters that provide information and during heating by
microwaves or high frequency electromagnetic radiations,
the heating performance of foods is suffering from many
variables [15]. In order to determine the absorption of
microwave energy, heating attitude of foods during
microwave heating, and analyses the result, the dielectric
properties are used to associate with electromagnetic fields

[16].

The dielectric properties describe how materials interact
with electromagnetic radiation. Natural biological materials
absorb only the electric part of the electromagnetic field.
Agricultural materials are practically non-magnetic, as they
contain only trace amounts of magnetic material, such as iron
and cobalt [17]. Dielectric properties of a material are
described by the relative complex permittivity (€%, relative to
that of free space). Permittivity indicates the dielectric
properties that lead immersion and emission of the
electromagnetic currents at phases including the attenuation
of waves within the materials. The absolute permittivity of a

vacuum,£(y, the speed of light (¢?) and therefore the magnetic
constant (po) are often combined by the Equation [18].

C?hogo =1
The value of € is 8.854x10-12 F/m.

2.1. Dielectric Properties of Selected Food Materials

2.1.1. Cereal Grains and Oilseeds

Grain moisture meters, which sense the moisture content
through correlations between the R F dielectric properties of
the grain, and its moisture content, are in common use for
more than 50 years, recent advances are reported in use of
higher frequencies within the microwave range for grain, and
seed moisture sensing [19]. The dielectric properties of cereal
grains and oilseeds are essential for understanding their
electric behaviour, and the development of indirect non-
destructive methods for determining their physical properties
[20]. The dielectric properties of food grains are known to be
dependent on moisture content, temperature, and frequency
used. Dielectric spectroscopy measurements were carried out
on ground hard red winter wheat at frequencies from 10 to
1,800 MHz over the temperature range from 25 to 95°C [21].
In agriculture, the dielectric properties of grains have been
widely used to determine the moisture content of grain,
because of their usefulness for rapid moisture content sensing
[22].

Dielectric properties of chickpea, green pea, lentil, and
soybean flour samples at different frequencies (10-1,800
MHz), temperatures (20-90°C), and moisture contents (about
8-21 g/100 g)/water activities (0.3—0.9) were measured by an
open-ended coaxial-line probe, and impedance analyze [23].
The dielectric properties of flax seed were measured within
the ranges of 5.92%22.18% on dry basis (d.b.) for moisture
content, and 50 kHz—-10 MHz for frequency of applied
electric field employing a parallel-plate capacitor sample
holder [24].

2.1.2. Bakery Product

Microwave and radio-frequency heating have also been
used for baking processes. The dielectric properties for bread
and flour are measured mostly at high frequencies. The
dielectric constant and loss factor of baked dough at 27 MHz
was found to be significantly useful for the baking industry
operating at both radio frequency and microwave spectrums
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[25]. The dielectric constants and loss factors of bakery
products decreased as frequency increased [26]. While
increasing moisture content leads to no change in loss factor
in general except chesnut flour, dielectric constant values
changes depending on the composition of products. The
chemical compositions have direct effects on the dielectric
properties of food materials. Even though the main effect
belongs to the moisture content, the content of salt, and other
minerals which are associated the dielectric properties [27].

2.1.3. Dairy Products

Dielectric properties of dairy products are relatively
scarce. [28], studied the complex permittivity of milk at room
temperature (17-20°C) over the frequency range of 1-20
GHz, and suggested that they may be helpful to roughly
determine the milk’s content in terms of ionic compounds,
fats, and carbohydrates and proteins. The dielectric properties
of milk and its constituents at 2.45 GHz were reported by
[29]. The dielectric properties of a macaroni and cheese food
stuff and found that dielectric constant decreased with
increasing temperature and loss factor increased at higher
temperatures at frequencies of 27, 40, 915 and 1,800 MHz
[30]. The dielectric constant increased at 27 and 40 MHz and
decreased at 915 and 1,800 MHz as the temperature
increased from 20 to 121°C and loss factor increased sharply
with this increase in temperature at 27 and 40 MHz, but
increased mildly at 915 and 1,800 MHz, for macaroni and
cheese [31]. Dielectric constant decreased gradually as
frequency increased for cheeses over the frequency range
0.3-3 GHz and loss factor generally increased with
increasing temperature for high and medium moisture/fat
ratio cheeses [32]. It’s possible to add salt on butter to
preserve from contamination. Dielectric properties of butter
with and without salt over the Microwave frequency range
covering 500-3,000 MHz were studied [33]. They found that
dielectric spectra of unsalted butter differed significantly
from the salted one as a function of temperature and moisture
content. The consequences of dissolved salts on dielectric
loss in milk were also investigated in chemical simulation
studies, which showed that predictions of milk dielectric loss
factor based on conductivities implied by ash contents
needed to be corrected for binding and non-binding
interactions of milk salts Solutions and suspensions [29].

2.1.4. Poultry Products

Some dielectric spectroscopy measurements are taken
recently on poultry products in exploratory work on quality
sensing [34]. Dielectric properties values for fresh chicken
breast meat in the 10 to 1800-MHz frequency range at
temperatures from 5°C to 65°C. Probable potential for using
dielectric properties to assess meat quality characteristics was
indicated. Dielectric spectroscopy measurements were also
taken on the albumen and yolk of fresh chicken eggs at
weekly intervals during 5 weeks of storage (Guo et al.,
2007). Dielectric properties from 10-1800 MHz for the fresh
eggs. The albumen has higher values for both the dielectric
constant and loss factor than the yolk at any given frequency.
Dielectric properties changed during the storage period, but

they didn’t correlate well with traditional quality factors for
the eggs [19].

The dielectric properties of egg whites depend upon
protein contents whose denaturation temperatures change
from 58 to 84°C [35]. The dielectric constants and loss
factors of egg whites increased with increasing temperatures
at 27 MHz [36]. While the dielectric constants decreased
with increasing temperatures at 915 MHz, loss factors
increased which means egg whites are often cooked more
quickly at 915 MHz [35]. It is also indicated that, the
dielectric behaviors of egg white, yolk, and albumen were
revealed as almost like one another for higher frequencies
and dielectric constants and loss factors of egg white, yolk,
and albumen decreased with increasing temperature at 2450
MHz [37].

2.1.5. Fruits and Vegetables

Because of the necessity for rapid nondestructive quality
measurements for fresh fruits and vegetables, the dielectric
properties of a few products were measured at microwave
frequencies [12]. Dielectric constant and loss factor of fruits
and vegetables decrease with increasing frequency [9].
Moisture content is additionally critical for these food
groups. General, dielectric constant increase with increasing
moisture content while loss factor decrease for some fruits
and vegetables, therefore the tendency varies with types of
vegetables or fruits. Some fruits undergo change during the
storage period. According to a study, the dielectric constant
and loss factor remain mostly same throughout storage at
refrigerator [38]. Similarly, dielectric constant values remain
the same for potato starch, tapioca flour, broccoli powder,
and onion powder with increasing frequency, while loss
factors of them were decreasing with increasing frequency.
Besides loss factor values were very low because of the very
low water content of the samples [39]. For berry samples
(blackberry, raspberry, and strawberry), the permittivity
increased with increasing temperature and decreased with
increasing frequency; the imaginary permittivity decreased
with temperature and increased with frequency [40].

Dielectric properties of mangoes were measured using an
open-ended coaxial-line probe with an impedance analyzer at
frequency of (1-1,800 MHz), temperature of (20-60°C) and
ripening at 21°C for 16 days storage [38]. Dielectric
properties values decreased with increasing frequency, but
this reduction was larger for the loss factor than that for the
dielectric constant. Dielectric properties of a commercial
apple juice product were also measured over the 200 MHz to
twentyGHz frequency range [41]. The temperature
dependence of the dielectric properties of the apple juice at
the higher frequencies is also very similar to that of pure
liquid water, with the relaxation frequency for pure water
shifting from below 20 GHz to higher frequencies as
temperature increases [42].

2.2. Effects of Composition of Food Materials on Dielectric
Properties

The effect of starch, lipid, and protein on dielectric
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behavior is interested because it can explain the interaction
between the food matrix and electromagnetic fields [43],
which may be useful for formulating functional food. In
present, the foremost popular method for measuring the
dielectric properties of foods is open-ended coaxial probe
[44], which is non-destructive method. It’s easy to use by
contact the probe with the material being tested. After that,
the dielectric properties are calculated from the phase, and
amplitude of the reflected signal [5]. Moreover, chemical
composition affects the thermal properties of food such as
thermal conductivity (k) and specific heat capacity (Cp). The
dielectric and thermal properties can be used to predict
heating rates, which can describe the behavior of food
materials when subjected to the microwave processing. There
have been several attempts to develop relationships between
thermal conductivity, and chemical composition [45, 46].
Food components such as, carbohydrate, protein, and fat
content are important parameters to design, and improve the
quality of microwaved food and develop new microwave
process [47].

2.2.1. Carbohydrate

For carbohydrate solutions the effect of free water on
electrical properties becomes significant, because hydrogen
bond, and hydroxyl group water interaction also play a
crucial role in dielectric properties of high sugar, maltodxtrin,
starch hyrolysate and lactose like disaccharide based food
[48]. Carbohydrate has small dielectric properties at
microwave frequencies, because it does not show dipole
polarization at microwave frequencies [49]. For high
carbohydrate food like instant noodles, the effect associated
to stabilization of hydrogen bonding patterns through
hydroxyl-water interaction. After starch bonded with water
molecules through hydrogen bonding that decreased water
polarization, and resulted in decreasing of the dielectric
properties [50].

2.2.2. Protein

The dielectric properties of proteins depend upon their side
chains, which may be non-polar with decreasing order of
alamine, glycin, heucine, isoleucine,  mathionine,
phenylalanine and wvaline [51]. As the protein content
increased, the dielectric constant, and loss factor increased.
The increased of the dielectric properties with protein content
was also reported for milk and soybean protein [52]. High
protein content came from the addition of chicken meat
which was cut, and blended by mixer prior supplement into
instant noodles. Therefore, the protein became unfold that
created protein denaturation and released water and dissolved
ions. After that, their mobility increased which increased the
dielectric properties. There was a larger increase in the
dielectric loss factor than in the dielectric constant [47].

2.2.3. Fat

Fat has very low dielectric properties compared to water.
Fat is considered inert in microwave field due to non-polar
molecule that has a low interaction with polarizing
electromagnetic wave. [49], indicated that with higher fat

content of meat, the result of dielectric properties was lower
than lean tissue meat. Additionally, the increase of fat content
reduced the dielectric constant and loss factor, because the
increasing of fat content diluted water ratio within the food
system and resulted in the lower dielectric constant and loss
factor [52]. Moreover, increasing of fat content not only
reduced the interaction between food, and electromagnetic
wave, but also decreased the thermal conductivity [47].

2.2.4. Salt Solution

Salt may be major constituent of food materials. As it is an
ionic crystal it’s liable for ionic conduction. When salt is
added in food systems dielectric constant decreases but loss
factor increases. The decrease in dielectric constant is due to
water within the system which reduced the free water
available for polarization, but the increase in loss factor is
because of increased charged particle in the system. Salt
concentration less than 1% the loss factor decrease with
temperature [53], while the same increase for concentration
above 1%, as ionic loss is dominant for higher concentration
[54].

2.3. Uses of Dielectric Properties of Food Materials

Dielectric properties are utilized in fruit drying processes if
DH is applied Drying process are often accomplished in a
short time, and provides more qualified dried products with
low energy requirement [55]. Radiofrequency and DH also
protect food materials from insects that already present in
dried fruits [56]. Dielectric application is often utilized in
pasteurization, sterilization, tempering of concentration of
liquid foods like fruit juices. For an appropriate and uniform
pasteurization process, it is crucial selecting of frequency
ranges [55]. Dielectric properties are utilized in
identification, processing, quality monitoring of fats and oils
and improvement during oil processing and storage [57].

Dielectric heating, which includes radio-frequency (RF)
and microwave (MW) treatments, has been considered as an
advanced and promising technology in drying agricultural
products. Some studies have indicated that RE/MW drying
has advantages in improving thermal efficiency, and product
quality, and in shortening drying time when contrasted with
conventional drying [58-60]. However, Jiang et a/ found that,
the drying starch using dielectric heating resulted in poor
heat distribution uniformity compared to using conventional
thermal energy [61].

Microwave technology was adapted to study, and assess
water quality aspects [48]. They suggested that the dielectric
behaviour of artificially polluted water, and polluted water
collected from various industrial locations might be related
for detecting the pollutants in water at 2.685 GHz microwave
frequencies based on the measurement of complex
permittivity of polluted water at 27°C. This technique could
also be used to evaluate oil—water mixtures of food
applications.
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2.4. Factors Affecting Dielectric Properties of Food
Materials

The dielectric studies of food materials are an important
tool to identify the quality of food materials, and to improve
dielectric heating uniformity. Frequency, moisture content,
phase change, and temperature are main factors that
influence the dielectric properties of food materials [62].

2.4.1. Frequency

The dielectric constant and loss decrease with increase in
frequency. These behaviors of the dielectric materials might
be explained by the polarization and ionic conduction
mechanism [63]. When the dielectric material is placed in an
electric field as a result the dielectric is polarized which
follow the external field. Since dielectric permittivity is a
measure of total polarization, at low frequency the
polarization follow the alternations of the field without any
lag, therefore, dielectric constant of material show larger
value [64]. As frequency increases the orientation of the
dipole don’t follow the rapid field reversal, as result
oscillations will begin, it lags behind those of the field. Since
dielectric constant and loss factor depends on total
polarization, total polarization of the dielectric decreases s
frequency increases [65].

2.4.2. Moisture

Water can exist in food materials by two alternative ways,
one is free, and other is bound state. The free water is within
the capillaries, and therefore bound water adsorbed to the
surface of food materials. Moisture is a crucial factor which
affects the dielectric constant and dielectric loss of food
materials. If moisture level of food materials increases then
the dipoles increases, as a result total polarization of the
materials increase [66]. Therefore, as moisture increases
within the material, the dielectric constant and dielectric loss
increases. The dielectric loss factor is affected due to loss in
free and bound waters. Calay et al reported that, the
relaxations are small in microwave processing due to bound
water and the loss factor is constant below critical moisture
(water present in bound form) and it increase above the
critical moisture level. Therefore, effects of bound water on
dielectric properties are negligible [67]. The major
constituents of food material are protein, carbohydrates, and
salt. Protein is highly water retentive compound [68].

2.4.3. Temperature

Salt solution is consists of two components one is dipolar
loss and other is ionic loss. Moisture and ionic conductivity
affect the dielectric properties with temperature. If water is in
bound morpheme and then dielectric properties increase with
increase in temperature and if water is in Free State within
the materials, then dielectric properties decrease with
increase in temperature [69]. As a result change in dielectric
properties with temperature depends on the ratio of bound
and free water present within the materials. The variation of
dielectric properties of materials with temperature is different
for various materials, because the constituents and moisture

of material vary. The dielectric properties depend on ash
present within the materials. Sipahioglu et al reported that,
the wvariation of dielectric loss of turkey meat with
temperature [70].

2.4.4. Storage Time

The storage time can change the dielectric properties of
food materials. If the food materials are placed during a
humid place they can will easily absorb moisture on the
opposite hand if place is dry they will can lose moisture.
During study dielectric properties of mangoes at storage time
0, 4, 8, 16 days of storage at 210°C. Both dielectric constant,
and dielectric loss decrease with increase storage time,
because moisture content reduced and it’s also observed that
pH increases during storage time, while the electrical
conductivity increased with increasing temperature during
the storage time [44]. Guo et al reported that, storage time
play important role in freshness of shell eggs [71].

2.4.5. Phase Change

Change of phase is liable for a very sharp change within
the dielectric properties of food materials. Thus, accurate
determination of dielectric properties of frozen and
partially frozen products is important to determine the rate
and uniformity of heating of those products during
microwave thawing [48]. The dielectric constant and the
dielectric loss increase significantly when ice melts. Thus,
portions of frozen products, that thaw first, can start
boiling by absorbing more microwave energy, and heating
up at increasing rates while the opposite portions of an
equivalent product are still frozen [72].

3. Conclusion

This review papers covers different dielectric properties
with their applications in food processing sector such as
water quality detection, cereal grains, oil seeds, fruits &
vegetables, Bakery, poultry, and dairy products. Dielectric
properties are used in fruit drying processes, protect food
materials from insects that already present in dried fruits,
pasteurization, sterilization, tempering of concentration of
liquid foods such as fruit juices, identification, processing,
quality monitoring of fats and oils and improvement during
oil processing and storage. Various factors such as frequency,
moisture content, storage time, temperature, phase change,
and composition of food materials (carbohydrate, fat, and
protein content) of food materials affect dielectric properties.
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