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Abstract: The dielectric properties of African nutmeg (Monodora myristica) seeds as a function of moisture
content  and frequency  were  evaluated  using  the   parallel-plate  capacitor  technique.  The dielectric
constant, loss factor, loss tangent and a.c. conductivity were significantly affected by moisture and frequency
variations.  Both  dielectric constant  and  loss factors  respectively increased from 0.58 to 23.83 and 3.92 to
13.16  for  corresponding  increases in moisture levels of 12% db to 32.2%. On the contrary, the loss tangent
was negatively affected by moisture variation as it decreased from 6.99 to 0.55 for a corresponding increase in
moisture from 12%db to 32.2% db. It was observed  that  the  coefficient of determination of all tested
parameters ranged from 0.80-0.99.
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INTRODUCTION Studies have also shown that, when biological

In response to the development and application of act as  resistors  and  capacitors, or, more commonly, as
electromagnetic heating (microwave) in the food a    combination   of    resistors    and    capacitors  [2].
processing industry, the investigation of electrical The resistance and capacitance posed by agricultural
properties of biomaterials has received tremendous materials is dependent on the moisture content,
attention  in the recent years. These basic frequency, temperature and salt content. Therefore,
electromagnetic   heating  processes  are  governed by knowledge of  these variables on the dielectric properties
the material  heating  properties called dielectric of biomaterials is vital as results obtained could find
properties.  Consequently, the   two   dielectric  properties application in many food processes such as drying,
of  interest  are  the  relative  dielectric constant,  and tempering, baking, pasteurization, reheating, sterilization,1

the  relative  dielectric loss factor, . The relative assessment of  food  quality and moisture content11

dielectric constant,  of a material is the ratio of its studies.1

capacitance   to the capacitance of air or vacuum under It is for this reason that investigation of the
the conditions being studied [1]. Therefore an increase in interaction between dielectric properties of biomaterials
the dielectric constant,  means the  material  is capable and their attendant variables is receiving the most1

of storing a greater quantity of energy. But, the relative attention. Sipahioglu and Barringer [3] measured the
dielectric loss factor,  is a measure of the amount of dielectric properties of 15 fruits and vegetables at 245011

energy  that  the  material  will dissipate when subjected MHz over  the temperature range of 5 to 130°C by using
to an alternating electric field [1]. This process of an  open-ended  coaxial  probe. The dielectric constants
dissipating electromagnetic energy results in heating. of   these   samples    decreased with    temperature   rise.

materials  are  incorporated  into an electric circuit, they
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They also observed that the dielectric constant was where
positively related with moisture content. It was further
noted that for most of the fruits and vegetables, the
dielectric loss  factor was not stable. Green [4] also
studied  the  effect of  moisture on  the dielectric
properties of cheese and found that as moisture content
increased, both dielectric constant and loss factor
increased  proportionately.  Afzal et al. [5] also developed
a  non-destructive,  real-time  measuring  method by
using  the  capacitance  technique to estimate leaf
moisture  content  for irrigation scheduling. Mahmoud
and Reza [6] similarly studied the effect of moisture
content on the dielectric properties of pea using the
capacitance  technique. They observed that both
dielectric  constant  and  loss   factor   correlated
positively with moisture content. Results also indicated
that, as frequency increased, both variables decreased.
The Dielectric properties of fish, meat and other
biological materials have been variously reported by
Martinsen et al. [7]; Parisi et al. [8]; Kent et al. [9]; Inoue
et al. [10]; and Henry et al. [11].

However, till date, no information on the dielectric
properties of African  nutmeg (Monodora myristica)
seeds  has   been   reported    or    compiled  anywhere.
The African nutmeg seed is one of the most valuable
spices in the diet of Africans due to its medicinal,
palatable, nutritional and economic value. It is therefore,
the objective of this study to evaluate the effect of
moisture content and frequency on the dielectric
properties of African nutmeg seed.

MATERIALS AND METHODS

Sample Preparation: Bulk quantities of fresh African
nutmeg  seeds were purchased from  the popular
sabagreia market on the 4  of July, 2012 and all damagedth

seeds  were  sorted  out and the remainder stored in
plastic bags at ambient temperature of 22±3°C until
conditioning. The initial moisture content of the seed
(12.0%db) was determined using a convective oven
(0L4345D) at 120°C for 8h as recommended by ASAE
standard (S368.4, 2000). To ascertain  the effect of
moisture content on dielectric properties of African
nutmeg, test samples were remoistened to different
moisture levels of 12.0%, 16.12%, 20.4%, 28.1% and 32.2%
db, using the formula

(1)

Mw = Mass of water added, g
Wt = Mass of seeds, g
Mf = Final moisture level required, %
Mi = Initial moisture level, %

Instrumentation:  The  apparatus  used  was designed
and  developed   based   on   the   capacitive  technique.
It consists of an Aditeg function generator (FG 8030),
Matrix  Oscilloscope  (MOS-620CH), Fluke Industrial
True-rms Multimeter (series 87V),  Camry  Digital scale
(EK 5350), a modified Wheatstone bridge circuit and
Digital Caliper. The Aditag function generator was used
to produce an ac current with variable magnitude and
frequency, while the matrix oscilloscope displayed the
resultant sinusoidal wave form. The fluke industrial
multimeter was used for measuring both the resistance
and capacitance of  the  variable  resistors and sample.
The designed Wheatstone bridge circuit and the
mathematical equations used are as follows.

Dielectric constant, 1

(2)

Dielectric loss factor, 11

(3)

where

L = Separation distance between sample holders, cm 
A = Crossectional area of sample holder, cm2

R = Resistance of sample,s

(4)

X = Capacitive reactance of the samples

(5)

Cs = Capacitance of the sample, FP

6
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Fig 1: A modified Wheatstone bridge circuit for Data Analysis: The raw data generated from the
measuring dielectric properties. experiment was analyzed using the XLstat software

Loss tangent, determine the coefficient of determination, R .

RESULTS AND DISCUSSIONS
7

Effective conductivity, As demonstrated in Fig 2, an increase in moisture content

 =  (s/m) (8) constant of African nutmeg seed. At a moisture  level  of0
11

where The dielectric constant value then rapidly increased to

= 2 f could be attributed to the fact that, as moisture increases,
f = Desired frequency, Hz there is more polarization of water and ionization of bound

= Permittivity of free space (8.85 ×10  F/m) salts associated with the mobility of water molecules in0
-12

Procedure: The experiment was set up as shown in Fig. 1 to 0.70 was noted between 12.0 % and 16.1%db moisture
and using the Camry digital balance, a 150g sample was levels respectively. This implies that at moisture level
drawn from each of the predetermined moisture levels and below 16.0%db, dielectric constant was almost stable,
placed in the sample holder for experimentation. In order indicating that water and salt were in tightly occluded
to attain a consistent normal force which will improve form. These findings are consistent with those of
contact between the sample and holder, a weight of 2kg Mahmoud and Reza [6] and Sipahioglu and Barringer [3].
was placed on the platform of the test stand. The function Although, the correlation between moisture level and
generator was then set to the desired frequency level of dielectric  constant   appears   to   be   more   quadratic,  as
1 kHz and the a.c sine wave output on the oscilloscope depicted in Fig. 2, an analysis of variance in Table 1
adjusted until amplitude of 2 volts was obtained. revealed that a significant difference between dielectric
Readings were then taken of the distance separating the constant values at 0.5 probability level.

two aluminum plates in the test stand and the capacitance
of the sample in the cell. The bridge circuit was then
balanced by adjusting R  and R  until the peak amplitudes1 2

of the two sine waves occurred at the same ordinate
value. The function generator was then disconnected
from the circuit and resistance readings of R  R  and R31, 2

were taken. Capacitor, C  was then disconnected from the2

circuit and its capacitance measured. Three replications
were made and the average recorded and used to calculate
the desired parameters.

For the effect of frequency to be studied, four
frequency levels of 1 KHz, 10 KHz, 100 KHz and 1 MHz
were selected and investigated at a moisture level of
16.12%.db. A sample of 150g was drawn and placed in the
test cell and the above test procedures repeated at the
desired frequency levels.

The  entire   experiment   was   performed   at  the
Food  Process  Engineering  Laboratory  of the Niger
Delta University, Wilberforce Island, Bayelsa State,
Nigeria.

(version 10) not only to generate the models but
2

Effect of Moisture Content on Dielectric  Constant, :1

triggered a corresponding increase in the dielectric

12  %  db,  a  dielectric  constant  of 0.58 was recorded.

23.83 at a moisture level of 32.2% db. This rapid increase

the seed. However, a dielectric constant, range of 0.581
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Moisture content, % level, the dielectric loss factor rose to 13.16. This positive
Fig. 2: Effect of moisture content on the dielectric relationship between moisture level and dielectric

constant of African nutmeg properties could be based on the fact that, microwave

Moisture content, % of variance was conducted between dielectric loss factor
Fig 3: Effect of moisture content on the loss factor of values at 95% confidence interval and results (Table 2)

African nutmeg seed show that a significant difference existed between loss

Table 1: Analysis of variance between dielectric constant values as a
function of moisture content

Sum of Squares df Mean Square F Sig.

Regression 496.483 2 248.242 34.133 .009
Residual 21.818 3 7.273
Total 518.302 5
The independent variable is moisture.

Table 2: Analysis of variance between loss factor values as a function of
moisture content

Sum of Squares df Mean Square F Sig.

Regression 61.741 2 30.870 145.623 .001
Residual .636 3 .212
Total 62.377 5
The independent variable is moisture.

Table 3: Analysis of variance between loss tangent values as a function of
moisture content

Sum of Squares df Mean Square F Sig.

Regression 6.697 1 6.697 24.728 .008
Residual 1.083 4 .271
Total 7.781 5
The independent variable is moisture.

Effects of Moisture Level on Dielectric Loss Factor, :11

Dielectric loss factor, which is a measure of the amount11

of energy that a material will dissipate when subjected to
an alternating electric field (which results in heating) is
influenced by moisture content. For African nutmeg, this
effect of moisture on dielectric loss factor, is shown in11

Fig 3. It is clear that as moisture increases, there is a
corresponding steady increase in the values of dielectric
loss factor. At 12%db moisture level, a dielectric loss
factor of 3.92 was observed. Then at 32.2%db moisture

energy absorption and dissipation in foods is primarily
due to dipolar relaxation and ionic conduction of water in
the food. This is because the inherent water in food
materials is dipolar in nature and therefore the water
molecules try to follow the electric fields as they alternate
at the set frequency. These rotations of the water
molecules produce the heat. Thus, at higher moisture
content, more water molecules are free to undergo this
rotation  thereby   increasing  the  dielectric  loss  factor.
A similar behavior has been reported by Kamil and Ahmet
[12] on pea. To further prove this discovery, an analysis

factor values; meaning that moisture variation has a
significant role to play in loss factor .

Effect of Moisture Content Loss Tangent, : In an ac
circuit having an ideal capacitor, the current magnitude
will always lead the voltage through its cycle by 90°.
However, this phase angle decreases if a biomaterial is
used to replace the ideal capacitor in the circuit. This loss
in phase angle is called the loss tangent, . It is analogous
to introducing a resistor into a circuit in parallel with a
capacitor which also leads to a dissipation of energy.
Therefore, the effect of moisture content on loss tangent
is worth investigating and the relationship is  shown in
Fig 4. From Fig 4, it is obvious that loss tangent
decreases, with increase in moisture content. At 12% and
32.2% moisture levels, correspondingly declining loss
tangent values of 6.99 and 0.55 were obtained. This sharp
decrease in loss tangent is an indication that at higher
moisture content, less energy is dissipated  by  the
African nutmeg seed. However, it is pertinent  to  note
that, at 24.0% moisture level and above, the loss tangent
appears to be constant. These findings are in agreement
with  the  work  of  Kamil and Ahmet [12].  Table  3  shows
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Moisture content, % 
Fig 4: Effect of moisture content on the loss tangent of

African nutmeg

Moisture content, %
Fig 5: Effect of moisture content on ac conductivity of

African nutmeg seed

Frequency, KHz
Fig 6: Effect of frequency on the dielectric constant of

African nutmeg seed

the statistical analysis indicating the significant difference
that exists between loss tangent values as affected by
moisture at 95% confidence interval.

Effect of Moisture Content on Ac Conductivity, : Fig 5
represents the ac conductivity of African nutmeg seeds
as a function of moisture changes. Generally, ac
conductivity correlated positively with moisture content.
At 12% moisture level, an ac conductivity of 21.8x10 8

S/m  was   recorded.   The ac   conductivity    value   then

Table 4: Analysis of variance between ac conductivity values as a function
of moisture content.

Sum of Squares df Mean Square F Sig.
Regression 1909.912 2 954.956 145.461 .001
Residual 19.695 3 6.565
Total 1929.607 5
The independent variable is moisture.

Table 5: Analysis of variance between dielectric constant values as affected
by frequency variations.

Sum of Squares df Mean Square F Sig.
Regression 522.752 2 261.376 766.855 .026
Residual .341 1 .341
Total 523.093 3
The independent variable is frequency.

increased to 73.19x10  S/m at 32.2% moisture content.8

Again, this increase in ac conductivity, perhaps, is as a
result of ionic conduction as more water molecules and
salt are free to oscillate at higher moisture levels. As a
means of confirmation, an analysis of variance was
conducted for ac conductivity readings at 95%
confidence level. Table 4 shows there is significant
difference between recorded conductivity values,
implying that moisture content is  highly  influential to
the variation of ac conductivity in African nutmeg seed.
The observations made here are in good agreement with
that of Castro et al. [13].

Effect  of    Frequency    on    Dielectric   Constant, :1

The frequency dependence of the dielectric constant, 1

for African nutmeg seed is indicated in Fig 6. At 1 KHz, a
dielectric constant of 24.38 was obtained. This value of
dielectric  constant   then   declined  to  0.002  at  1MHZ.
It shows that at low frequencies of the waves, the dipoles
in the seed (water) have time to follow the changes of the
electric field and that is, probably, why the dielectric
constant is at its peak value. Conversely, at high
frequencies, the dipoles are unable to rapidly follow the
field reversals, thereby reducing the dielectric constant
value. A statistical analysis (Table 5) of this behavior
indicated that, at 95% confidence level, a significant
difference exists between dielectric constant values. It can
therefore be concluded that frequency is an important
determinant in dielectric constant for African nutmeg
seed.

These findings are in concordance with the studies
of Green [4] and Mahmoud and Reza [6].

Effect of  Frequency  on  Dielectric  Loss  Factor, :11

The influence of frequency on the dielectric loss factor,
 of  African  nutmeg  seed is as indicated in Fig 7. At 111
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Frequency, KHz Properties of fruits and vegetables as a function of
Fig 7: Effect of frequency change on the loss factor of ash and moisture content. J. Food Sci., 68: 234-239.

African nutmeg seed. 4. Green, A.D., 1997. Measurements of the dielectric

Table 6: Analysis of variance between loss factor values as affected by
frequency changes.

Sum of Squares df Mean Square F Sig.
Regression 134.862 2 67.431 51.880 .098
Residual 1.300 1 1.300
Total 136.161 3
The independent variable is frequency.

Khz, dielectric loss factor of 2.31 was recorded. Then, at
1MHz, the loss factor increased to 17.53. This increase in
loss factor may be as a result of the  dipolar  relaxation
and ionic conduction activities in the seed. Biomaterials
are composed of water molecules which when subjected
to higher frequencies rotate in the electric fields and
produce  heat.  This  heating  effect,  at higher
frequencies, is the desired effect for drying, sterilization
and  pasteurization   operations   in  the  food  industry.
To further confirm  these  results,  an  analysis of
variance  was  conducted at 95% confidence level and it
is  evident  from  Table  6 that, a significant difference
exist between values of loss factor, suggesting that
frequency is a vital contributor to dielectric loss factor.
These findings are in close agreement with those of
Sipahioglu and Barringer [3].

CONCLUSION

In this study, the effects of moisture content and
frequency on the dielectric properties of African nutmeg
seeds were investigated, using the parallel-plate
capacitance technique. At 95% probability level, results
show that both moisture content and frequency has
significant effects on dielectric constant, loss factor, loss
tangent and ac conductivity of African nutmeg seed.
Therefore, it is recommended that results herein obtained
be used as a data base for heat and mass transfer
applications.
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