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ABSTRACT
This study introduces an alternative method to determine percentage moisture content in a tuberous crop such as
diosocorea hispida using microwave technique. Moisture content is an important parameter determining the
quality of an agricultural product and their harvesting, transportation and storage processes. A microwave sensor
was used in the study to penetrate deeper into the soft flesh of dioscorea hispida tuber sample. The reflection
coefficient of the sensor was measured between 2 MHz and 4 GHz. The true percentage of moisture content of
the sample was determined by the conventional oven drying method. The linear relationship between the
conductance of the sensor and the true percentage of moisture content in the sample was determined. From the
measured data, calibration equations relating conductance and percentage moisture content in the samples were
established. The highest positive and negative correlations between conductance and percentage moisture
content were found to be at 1.22 GHz and 3.94 GHz, respectively. The mean errors of the calibration equations
at 1.22 GHz and 3.94 GHz are 10.80 and 6.95, respectively.
Keywords: Dioscorea hispida, moisture content, monopole antenna, admittance, microwave.

INTRODUCTION
Dioscorea Hispida Dennst or locally known as ubi gadong is one of the 1137 dioscorea species in the
dioscoreacea family [1]. D. hispida is consumed by millions of people in the tropical and subtropical countries
[2, 3]. In Malaysia, D. hispida can be found in abundance in Kelantan and Terengganu and usually serves as
cakes and snacks. In addition to food products, the wild yam species can also be processed into chemical and
pharmaceutical products [4]. However, the production of D. hispida into food and other products is currently
confined to small scale cottage industry. In order to help farmers and producers increase their productivity,
extensive researches are currently undergoing at the Faculty of Agriculture and Biotechnology, University of
Sultan Zainal Abidin (UniSZA) to improve existing technology or identify new technology applicable to D.
hispida industry [5, 6].
Moisture content is a very important parameter determining the quality of agricultural products and
their storability, processing and marketability. Currently, oven drying methods is one of the most widely used
methods to determine moisture content in agricultural products. Although this technique is accurate, it is both
time consuming and destructive. Therefore, currently there is a great interest to develop an alternative method to
this technique. The microwave method has been demonstrated to be an accurate, quick and reliable technique in
determining moisture content in corn, oil palm and latex [7-12]. The objective of this study is to extend this
technique to determine moisture content in the D. hispida tuber and potentially other tuberous crops such as
potato, yam and cassava.
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MATERIALS AND METHODS

Fig. 1: (a) D. hispida plant before harvesting; (b) Harvesting D. hispida tuber ; (c) The D. hispida tuber after
harvesting; (d) A single D. hispida tuber with roots and rootlets; (e) A single D. hispida tuber with roots and
rootlets removed; (f) A 3 cm thick D. hispida tuber sample.
All D. hispida tuber samples were harvested and collected from Kampung Kudat, Ajil, Terengganu as
shown in Fig. 1(a)-(c). A D. hispida tuber sample was prepared as shown in Fig. 1(e) and (f). Prior to drying, the
sample was weighted using a weight balance.

Fig. 2: The network analyser, 50-ohm cable and sensor (left). The schematic diagram of the experimental works
(right).
Before measurement was made, the sensor was calibrated. The sensor was inserted into the sample as
shown in Fig. 2. Then, the reflection coefficient of the sensor was measured using a network analyser. After
that, the sample was heated for 70°C for three hours. Then, the sample was taken out from the oven and let cool
to ambient temperature for at least two hours. The weight of the sample was then measured. Then the reflection
coefficient measurement from the sample was taken. This process was repeated until there was no significant
drop in the sample’s weight. The percentage moisture content (%MC) in the sample is calculated as follows:

(1)
where

mwet
mdry

the weight of the sample before each drying process
the final weight of the sample after drying was completed
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RESULTS AND DISCUSSIONS
The impedance, Z, of the sensor can be calculated from measured reflection coefficient, Γ :

(2)
where

Zo

characteristic impedance of the cable, 50 Ohm

The admittance, Y, of the sensor is just the inverse of impedance. The conductance, G, is the real part of
admittance as follows:
(3)

Fig. 3: The conductance of the sensor inserted in different %MC of D. hispida tuber sample.
The plot of conductance against frequency for different %MC of D. hispda tuber is shown in Fig. 3.
Only measurements from 77.18 %MC to 59.30 %MC are shown in this plot. Below 59.30 %MC, the shape and
the size of the sample are significantly changed due to loss of water. The thickness of the sample became less
than 3 cm rendering it unsuitable for reflection coefficient measurement. From Fig. 3, it can be observed that the
plot of G changes as %MC changes. The figure also shows that the plot of G is not consistent for all frequency.
Therefore, it is important to perform statistical analysis to determine which frequency has the largest linear
correlation between G and %MC.

Fig. 4: The plot of correlation coefficient vs frequency.
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The plot in Fig. 4 shows that the correlation between G and %MC is positive between 2 MHz to
approximately 1.64 GHz. This means that G increases as %MC increases which can be observed in Fig. 3.
Between 1.64 GHz and 4 GHz, the correlation between G and %MC is negative. This means that G decreases as
%MC increases which can also be observed in Fig. 3. The highest positive correlation coefficient, 0.9593, is at
1.22 GHz while the highest negative correlation coefficient, 0.9746, is at 3.94 GHz.

Fig. 5: The relationship between G and %MC at 1.22 GHz (left) and 3.94 GHz (right).

Table 1: Calibration equation of the sensor at 3.94 GHz

Frequency
1.22 GHz
3.94 GHz

Calibration equation

G(mS) = 0.14 * %MC2 – 15.48 * %MC + 439.68
G(mS) = -0.04 * %MC2 + 1.13 * %MC – 13.00

From measured data at 1.22 GHz and 3.94 GHz, two models describing the relationship between G and
%MC were established as shown in Fig. 5 and Table 1. These models were validated with another set of
measurement data as shown in Table 2 and 3. The error analysis is essential to test the accuracy of the models in
predicting the actual %MC of the D. hispida tuber sample.
Table 2: Validation to the calibration equation at 1.22 GHz

%MC
77.18
74.61
71.41
68.73
66.52
63.99
62.10
59.30

Predicted
G
77.53
62.79
47.02
36.01
28.44
21.46
17.41
13.24

Actual
G
74.28
76.74
56.85
42.34
26.79
22.11
17.26
14.81
mean error

% error
4.19
22.22
20.91
17.59
5.81
3.02
0.83
11.82
10.80

Table 3: Validation to the calibration equation at 3.94 GHz

%MC
77.18
74.61
71.41
68.73
66.52
63.99
62.10
59.30
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Predicted
G
8.85
10.23
11.74
12.83
13.61
14.37
14.85
15.41

Actual
G
8.71
9.26
10.66
12.40
13.95
15.20
16.89
13.87
mean error

% error
1.60
9.45
9.17
3.33
2.51
5.77
13.74
10.02
6.95
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The error analysis to the models reveals that the mean errors of both models are greater than five
percent. This implies that both models are not very accurate in predicting the actual %MC of D. hispida tuber
sample based on G measurement of the sensor. More experimental works are necessary to improve the modeling
and understand the relationship between G and %MC such as obtaining more measurements or using higher
degree polynomial models.

CONCLUSIONS
This study demonstrated a rapid and minimally destructive technique to determine moisture content in
D. hispida tuber which can be potentially used for other tuberous crops such as potato, yam, and cassava. The
technique utilizes a monopole sensor inserted in the soft flesh of D. hispida tuber sample. A direct correlation
was found between the conductance of the sensor and the percentage moisture content of the sample. Two
models were developed based on the relationship between conductance and percentage moisture content. The
accuracies of the models were tested with another set of measurement. Though the models are not accurate in
predicting the actual moisture content of the sample, the objective of the study is still met.
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