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Electrical properties of maize kernels contaminated with aflatoxin 
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Abstract: The purpose of this study was to investigate the effect of aflatoxin contamination on the dielectric constant of maize 
kernels.  A factorial experiment comprising of three levels of moisture content (13.3%, 15.3%, and 16.4%), three frequencies 
(25, 50, and 100 kHz), and nine levels of aflatoxin contamination (0, 1.5, 2.6, 10, 50, 100, 150, 172, and 230 μg kg-1) was used.  
The maize kernels were poured into a custom-built sample holder comprising a shielded parallel plate capacitor.  An 
ISO-TECH LCR-821 meter was used to measure the capacitance, from which the dielectric constant was computed.  The 
results indicated that moisture content and frequency significantly (p≤0.05) affected the dielectric constant.  The dielectric 
constant increased with increase in moisture content and decreased with increasing frequency.  However, aflatoxin 
contamination level had no significant (p>0.05) effect on the dielectric constant of maize kernels.  The coefficient of 
determination (R2) of dielectric constant and aflatoxin contamination levels was low (R2 = 0.2687), indicating a poor correlation 
between the aflatoxin levels and the dielectric constant of maize kernels.  Based on the findings, the dielectric constant is 
unsuitable for predicting the level of aflatoxin contamination in maize kernels within the 20-200 kHz frequency range. 
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1  Introduction  

Aflatoxin is a highly potent carcinogen and has severe 
health impacts in humans and animals (Wu and Guclu, 
2012). Maize, being an important staple for a vast 
majority of people in Sub-Saharan Africa (Wariboko and 
Ogidi, 2014), is a principal source of human exposure to 
aflatoxin (Strosnider et al., 2006; Liu and Wu, 2010). 
Many nations have, therefore, set regulatory limits on the 
level of aflatoxin allowed in food, hence the need for 
aflatoxin detection and quantification methods (Wu and 
Guclu, 2012; Gnonlonfin et al., 2013). 

Screening and analytical methods have been 
developed to ascertain the levels of aflatoxin in maize. 
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Chromatographic techniques are the most common 
analytical methods used for aflatoxin analysis (Shephard, 
2009). However, they are time-consuming and involve 
cumbersome sample preparation (Wacoo et al., 2014). 
Rapid screening techniques are immunoassay based 
methods that offer quick, qualitative aflatoxins analysis. 
Nonetheless, precise amounts of aflatoxin must always be 
confirmed by an analytical method. Both 
chromatographic and immunoassay methods involve 
laboratory-based chemical analyses that require huge 
capital investments (Wacoo et al., 2014).  

Spectroscopic techniques such as fluorometry, 
near-infrared reflectance (NIR), hyperspectral imaging, 
and Fourier transform infrared spectroscopy (FTIR), can 
provide qualitative and quantitative information on 
mycotoxin contamination with minimal sample 
preparation and pretreatment (Del Fiore et al., 2010; Lee 
et al., 2014). However, difficulties with the interpretation 
of the spectral data and spectral overlapping have limited 
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the application of spectroscopic technology in mycotoxin 
detection and quantification (Lee et al., 2014). 

The currently used methods for aflatoxin analysis are 
inaccessible to small-scale farmers who are the majority 
producers of maize in Sub-Saharan Africa (Wacoo et al., 
2014). Most of the maize produce from small-scale 
farmers are for subsistence, thus not subjected to quality 
analysis (Wu and Guclu, 2012). Consequently, it is vital 
to develop portable devices that can be used in far-flung 
rural areas to provide quick and accurate aflatoxin 
analysis (Del Fiore et al., 2010). 

Electrical properties of grains have traditionally been 
used to develop portable devices that give quick quality 
estimates of cereal grains (Nelson, 2010). The electrical 
properties of grains are best represented by their dielectric 
properties (Skierucha et al., 2012). Several researchers 
(Sosa-Morales et al., 2010; Trabelsi and Nelson, 2012; 
Torrealba-Meléndez et al., 2015; Noreña and 
Lescano-Anadón, 2017) have reported quality parameters 
of agricultural products based on their dielectric 
properties. In cereals, dielectric properties have mostly 
been used in moisture content determination (Nelson and 
Trabelsi, 2012a). Other applications of dielectric 
properties in cereals include dielectric drying (Zhu et al., 
2012), bulk density measurement (Trabelsi et al., 1998), 
prediction of grain damage levels (Al-Mahasneh et al., 
2001), and the control of pest in stored grains (Jiao et al., 
2011). 

The dielectric properties of grains at a given 
frequency are affected by moisture content, bulk density 
and temperature (Jha et al., 2011; Nelson and Trabelsi, 
2012). Chemical composition can also affect the dielectric 
properties (Zhang et al., 2007). Attempts to relate the 
weighted averages of the dielectric properties of the 
individual chemical components to the overall dielectric 
properties of food have so far not been successful 
(Bhargava et al., 2013). Nonetheless, Sahin and Sumnu 
(2006) reported that physical changes that affect the 
proximate composition such as moisture loss and protein 
denaturation, have an impact on the dielectric properties. 

Maize kernels are susceptible to fungal attack, 
particularly Aspergillus flavus (A. flavus), which causes 
aflatoxin and grain deterioration. Fungal growth in stored 
grains can lead to losses in carbohydrates, proteins, and 

total oil content while increasing moisture content and 
free fatty acids (Begum et al., 2013). It was hypothesized 
that changes in the chemical composition affect the 
dielectric properties of maize. Consequently, the 
dielectric properties can be used to detect the presence 
and predict the level of aflatoxin contamination in maize 
kernels. Therefore, the aim of the study was to investigate 
the effect of the level of aflatoxin contamination on the 
dielectric properties of maize kernels. 

2  Materials and methods 

2.1  Inoculum preparation 
A. flavus fungal strain was obtained from the 

Department of Plant Pathology, School of Agricultural, 
Earth and Environmental Sciences, University of 
KwaZulu-Natal, South Africa. The fungus was plated on 
potato dextrose agar (Merk, Darmstadt, Germany) at 
25°C for five days after which the conidia was harvested 
by flooding a single culture with distilled water and 
scraping the surface mycelia with a sterile scraper. The 
resulting suspension was filtered through a cheesecloth to 
obtain a pure spore suspension. The spore suspension was 
then adjusted to 4×106 cells mL-1 using a Neubauer 
hemocytometer to make the inoculum (Hruska et al., 
2014). 
2.2  Preparation and inoculation of maize samples 

White maize variety SC411, obtained from Seed Co 
Pty Ltd (South Africa) was used in the study. The initial 
moisture content of the maize was 12.19% ± 0.10% (w.b). 
A total of 30 samples of maize kernels each of mass 4 kg 
were prepared. The maize samples were surface sterilised 
by immersing the kernels in a 5% (v/v) sodium 
hypochlorite (NaClO) solution and stirring for one minute 
then rinsed twice with distilled water. The moisture 
content of the maize kernels was adjusted to 17% (w.b) 
by soaking the samples in distilled water for 2 hours. The 
samples were then put in sterilized plastic bags, sealed 
and placed inside a refrigerator set at 4°C for 72 hours to 
ensure uniform moisture distribution. 

The maize samples were retrieved from the 
refrigerator and allowed to equilibrate to room 
temperature. 5 mL of A. flavus inoculum and distilled 
water (control), was sprinkled on the samples and mixed 
manually before being transferred to the incubator. The 
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samples were incubated at a temperature of 28°C for a 
predetermined length of time viz., 0, 7, 14, 21, and 28 
days. The samples were removed from the incubator at 
the end of the incubation period and analysed for 
aflatoxin contamination. A full factorial design 
comprising of two factors (inoculum and incubation 
period) was used in this experiment. 
2.3  Aflatoxin analysis 

Aflatoxin analysis was done using a liquid 
chromatography-tandem mass spectroscopy (LC-MS/MS) 
as outlined in Waters (2007). 250 g of each sample was 
ground using a Retsch Rotor Mill (SK 1, Germany). 25 g 
of the ground maize sample was mixed with 80 mL of 
acetonitrile and 20 mL of water and left to stand for     
2 hours. The extract was filtered and diluted four-times 
with distilled water. 20 µL of the diluted extract was fed 
into the LC-MS/MS for analysis. The liquid 
chromatography (LC) had an acquity, ultra-performance 
liquid chromatography, ethyle bridge hybrid column 
(UPLC BEH C18 1.7 µm; 2.1×100 mm column). The 
mobile phase A and mobile phase B was 0.1% formic 
acid in water and 0.1% formic acid in acetonitrile 
respectively. The LC flow rate was 0.4 mL min-1. The 
eluent from the LC column was directed to the mass 
spectrometer. The electrospray source was operated in a 
positive ionisation multiple reaction monitoring (MRM) 
mode. The data acquired was analysed using Waters 
MasslynxTM software. The limit of detection for the 
LC-MS/MS was 0.5 μg kg-1, whereas the quantification 
limit was 2 μg kg-1. 
2.4  Sample preparation for electrical properties 
measurement 

From the aflatoxin analysis results, nine samples were 
selected for the measurement of electrical properties. The 
levels of aflatoxin contamination for the nine samples 
were 0, 1.5, 2.6, 10, 50, 100, 150, 172, and 230 μg kg-1. 
The moisture content (m.c.) of the samples was 
determined by oven drying at 105°C for 24 hours. The 
samples were thereafter dried in the oven at 55°C to 
obtain three distinct levels of m.c. (16.4%, 15.4%, and 
13.3% w.b.). A calculated amount of water (Equation (1)) 
was added to the samples where necessary. The samples 
were then put in Ziploc bags and refrigerated at 4°C for 
72 hours before electrical properties’ measurement. The 

bags were shaken manually at least three times a day to 
ensure a uniform m.c. 

Mw = Mm ((1 – MCi) / (1 – MCf)) – Mm  (1) 
where, Mw is the mass of water needed (kg); Mm is the 
mass of maize kernels in (kg); MCi is the initial moisture 
content (%), and MCf is the target moisture content (%). 
2.5  Dielectric constant measurement 

The dielectric constant was evaluated from 
capacitance measurements using Equation (2). 

ε′ = C / Co     (2) 
where, ε′ is the dielectric constant; C is the capacitance of 
sample holder filled with maize (pF), and Co is the 
capacitance of empty sample holder (pF). 

The measurement system consisted of a sample 
holder connected to an LCR meter. The sample holder 
was a custom-built, shielded parallel plate electrode 
assembly (Figure 1) as outlined by Lawrence et al. (1998). 
The sample holder had three aluminium plate electrodes 
each measuring 17.5×15 cm and 0.5 cm thick. The 
electrode spacing was 2.5 cm. The plate electrodes were 
attached to two 7.6×30.5×1.9 cm vertical support made 
from Perspex. The electrodes were fitted into 15 cm long, 
1.27 cm deep grooves on the support members. The 
supports were screwed to an aluminium base plate 
measuring 15.3×25.4×0.6 cm. Perspex plate of 
dimensions 15.88×10.16×0.6 cm was used to seal the 
bottom of the electrode chamber by sliding it into grooves 
made on the Perspex supports. The total volume of the 
electrode chamber was 1143 cm3. A type N to APC-7 
adaptor was attached to the middle electrode and used to 
connect the sample holder to the LCR meter through a  
50 Ω coaxial cable. 

The capacitance measurements were done using an 
ISO-TECH LCR-821 meter. The ISO-TECH LCR-821 
meter has five full digit resolutions for inductance (L), 
capacitance (C), resistance (R) and absolute value of 
impedance (Z), with an accuracy range of 0.1%. The 
frequency range of the ISO-TECH LCR-821 meter is 
between 12 Hz and 100 kHz. 
2.6  Experimental procedure 

The selected maize samples were retrieved from the 
refrigerator and allowed to equilibrate to room 
temperature for 6 hours. The LCR meter was then 
calibrated through open and short calibrations. Thereafter, 
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the LCR meter was connected to the sample holder using 
a 50 Ω coaxial cable. The measurement frequency was set 
at 25 kHz and the capacitance measurements of the empty 
sample holder recorded as Co. Maize samples at a m.c. of 
13.3%, and aflatoxin contamination levels of 0, 1.5, 2.6, 
10, 50, 100, 150, 172, and 230 μg kg-1 were poured into 
the sample holder, one at a time and the new capacitance, 
C, recorded. The same procedure was followed when the 
m.c. of the maize samples was adjusted to 15.4% and 
16.4%. The measurement frequency was adjusted to   
50 kHz and 100 kHz and the entire procedure repeated 
each time. 

2.7  Experimental design and data analysis 
The experiment was designed as a 3×3×9 factorial 

experiment. The three factors were m.c. (13.3%, 15.4%, 
and 16.4%), frequency (25, 50, and 100 kHz), and 
aflatoxin level (0, 1.5, 2.6, 10, 50, 100, 150, 172, and  
230 μg kg-1). All the treatments were replicated three 
times. Statistical analysis was done using GenStat® 17th 
Edition (VSN International Ltd, Hemel Hempstead, 
United Kingdom). Analysis of variance (ANOVA) was 
done at 5% level of significance. Regression analysis was 
done to determine the correlation between dielectric 
properties and aflatoxin contamination. 

 
Figure 1  A modified custom-built shielded parallel plate electrode sample holder connected to an LCR meter 

 

3  Results 

3.1  Aflatoxin Contamination 
There was no aflatoxin detected in the samples before 

incubation (day 0). Aflatoxin (AFB1) contamination 
increased as incubation period increased. The samples 
inoculated with distilled water showed no aflatoxin 

contamination at the end of day seven. The mean AFB1 
contamination level observed on day 14 was 2.1 µg kg-1, 
rising to 27.4 µg kg-1 and 130.6 µg kg-1 on day 21 and 
day 28 respectively. The maize kernels inoculated with A. 
flavus resulted in AFB1 contamination levels ranging 
from 270.5 µg kg-1 on day 7 to 12907.8 µg kg-1 on day 28 
(Table 1). 

 

Table 1  Aflatoxin (AFB1) contamination  
Innoculum Distilled water A. flavus 

Time (day) 0 7 14 21 28 0 7 14 21 28 

Rep 1 nd nd 1.5 21.2 141.1 nd 409.1 1259.8 3032.2 10508.2 

Rep 2 nd nd 2.6 50.1 100.6 nd 172.3 1628.6 2806.3 15257.8 AFB1 (µg kg-1) 

Rep 3 nd nd 2.1 10.4 150.0 nd 230.2 1082.1 5024.0 12957.3 

Average - - 2.1 27.4 130.6 - 270.5 1323.5 3620.9 12907.8 

Standard Deviation - - 0.4 27.8 35.0 - 40.9 386.4 1568.1 1626.7 

Note: nd = not detected 
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3.2  Effect of moisture content on the dielectric 
constant  

The dielectric constant was calculated from the 
capacitance values using Equation (2). The dielectric 
constant ranged between 2.06-4.48 at 13.3% m.c., 3.28- 
8.16 at 15.4% m.c., and 4.47-12.66 at 16.4% m.c. (Table 
2). At a given frequency and aflatoxin level, the dielectric 
constant increased with increase in m.c. Consequently, 

the greatest increase was observed at a m.c. of 16.4%. 
Therefore, m.c. significantly (p≤0.05) influenced the 
dielectric constant. At every m.c. level, the rate of 
increase in dielectric constant was greater at lower 
frequencies than at higher frequencies. There were 
significant differences between the mean dielectric 
constant at different m.c. levels as indicated by the results 
from Duncan’s multiple range test (Table 2). 

 

Table 2  Dielectric constant of maize kernels at a specified level of aflatoxin, frequency and m.c. (w.b.) 

Dielectric constant (ε') 
Freq (kHz) m.c. (%) 

0 μg kg-1 1.5 μg kg-1 2.6 μg kg-1 10 μg kg-1 50 μg kg-1 100 μg kg-1 150 μg kg-1 172 μg kg-1 230 μg kg-1

13.3 4.26vwx 4.48stuv 4.35tuv 4.03wxy 4.01xy 4.39tuv 4.38tuv 4.28vwx 3.80yz 

15.4 6.30jk 8.16g 7.25h 5.76mn 6.66i 5.96lm 7.21h 6.05kl 6.23kl 25 

16.4 10.92c 12.66a 12.55a 9.57e 9.32ef 10.16d 11.90b 9.13f 9.52e 

13.3 3.27CDE 3.58zAB 3.25CDE 3.11DEF 3.07EF 3.32BCDE 3.53ABC 3.49BC 2.85F 

15.4 4.82qrs 6.11kl 5.18op 4.37uvw 5.03pq 4.53tuv 5.60n 4.51tuv 4.71rst 50 

16.4 7.42h 8.29g 8.30g 6.63ij 6.24kl 7.17h 8.47g 6.83i 6.39jk 

13.3 2.53G 2.45G 2.29GH 2.33GH 2.26GH 2.44G 2.42G 2.43G 2.06H 

15.4 3.43BCD 4.32vwx 3.58ABC 3.36BCDE 3.67zAB 3.29CDE 3.86yzA 3.43BCD 3.28CDE 100 

16.4 5.38o 5.82mn 5.81mn 5.11opq 4.71rstu 5.36op 5.78n 4.94qr 4.47tuv 

Source of variation d.f. s.s m.s. v.r. F pr. 

Replications stratum 2 0.04711 0.02356 1.35  

Replications.*Units* stratum      

Aflatoxin 8 52.09768 6.51221 372.99 0.198 

Frequency 2 479.61414 239.80707 13734.89 <0.001 

MC 2 830.79157 415.39579 23791.68 <0.001 

Aflatoxin.Frequency 16 11.99236 0.74952 42.93 0.198 

Aflatoxin.MC 16 27.46895 1.71681 98.33 0.066 

Frequency.MC 4 87.45533 21.86383 1252.25 <0.001 

Aflatoxin.Frequency.MC 32 9.59212 0.29975 17.17 0.067 

Residual 160 2.79355 0.01746   

Total 242 1501.85283    

LSDp<0.05 = 0.546    CV = 0.041      

Note: Means within a column followed by the same letter(s) are not significantly different according to Duncan’s multiple range test (P<0.05). 
 

3.3  Effect of frequency on the dielectric constant  
The frequency dependence of the dielectric constant 

of maize kernels as a function of aflatoxin level and m.c. 
is shown in Figures 2 (a), (b), and (c). The frequency 
significantly (p≤0.05) affected the dielectric constant of 
the maize kernels at the three different m.c. and aflatoxin 
contamination levels. The dielectric constant decreased 
with increase in frequency. The rate of decrease of 
dielectric constant was greater at lower frequencies than 
at higher frequencies. The effect of frequency on the 
dielectric constant was pronounced at higher m.c. than at 
lower m.c. The biggest change in dielectric constant was 
observed at 25 kHz, ranging between 3.80 and 12.66; 

whereas the least change in dielectric constant was 
observed at 100 kHz, in the range of 2.06-5.82. The 
dielectric constant at 50 kHz was in the range of 
2.85-8.30 (Table 2). 
3.4  Effect of aflatoxin on the dielectric constant 

The dielectric constant decreased with frequency and 
increased with m.c., but there was no noticeable trend due 
to aflatoxin contamination level. The level of aflatoxin 
contamination had no significant (p > 0.05) effect on the 
dielectric constant of the maize kernels across all 
treatments. The dielectric constant for the maize kernels 
with a m.c. of 13.3 and 16.4% was relatively stable at a 
given frequency across all the levels of aflatoxin 



202   September, 2018           AgricEngInt: CIGR Journal Open access at http://www.cigrjournal.org           Vol. 20, No. 2 

contamination. The dielectric constant for the maize 
kernels with a m.c. of 15.4% kept fluctuating as the level 
of aflatoxin contamination increased (Figure 3). Maize 
kernels with aflatoxin contamination level of 0, 1.5, and 

2.6 μg kg-1 had relatively higher dielectric constant values, 
while maize kernels with aflatoxin contamination level of 
172 and 230 μg kg-1 had the lowest dielectric constant 
values. 

 
a. 13.3% b. 15.4% c. 16.4% 

Figure 2  Variation of dielectric constant with frequency at specified aflatoxin levels for maize kernels at m.c. (w.b) 
(LSDp<0.05 = 0.3154, CV = 0.014) 

 
a. 13.3% b. 15.4% c. 16.4% 

Figure 3  Variation of dielectric constant with aflatoxin contamination at specified frequencies for maize kernels at m.c. (w.b) 
 (LSDp<0.05 = 0.3154, CV = 0.014) 

 

Results from a linear regression analysis of dielectric 
constant against aflatoxin contamination level showed 
very low coefficient of determination (R2) values. The 
highest value for the coefficient of determination (R2 = 
0.2687) was at 100 kHz at a m.c. of 16.4%, whereas the 
lowest coefficient of determination (R2 = 0.0300) was at 
50 kHz and 13.3% m.c. The low coefficient of 
determination (R2) values indicate a very weak correlation 
between dielectric constant and aflatoxin contamination 
level. At all frequency and m.c. levels, aflatoxin had no 
significant effect (p>0.05) on dielectric constant. 

4  Discussion 

Maize kernels are susceptible to fungal attack, 
particularly A. flavus, which cause aflatoxin 
contamination and grain deterioration. The AFB1 
contamination increased over time because of the 
increase in fungal population. A. flavus grows faster at the 
incubation temperature of 28°C (Garcia et al., 2012; 
Pratiwi et al., 2015). AFB1 contamination observed in the 
maize kernels inoculated with distilled water could have 
been caused by internal infection (Mellon et al., 2007). 
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According to Begum et al. (2013), fungal growth in 
grains depletes the carbohydrates, proteins and total oil 
content while increasing moisture content and free fatty 
acids. 

The m.c. of the maize kernels significantly (p≤0.05) 
affected the dielectric constant across all treatments. This 
is in agreement with Soltani and Alimardani (2011) who 
reported an increase in the dielectric constant of maize 
grains with increasing m.c. Nelson and Trabelsi (2012b) 
and Noreña and Lescano-Anadón (2017) also reported 
similar results on maize and wheat, and sorghum 
respectively. Moisture content is the most important 
factor that influences the dielectric constant of maize 
(Shrivastava et al., 2014). According to Singh et al. 
(2010), m.c. increases the dipoles in a material promoting 
total polarisation of the material. Wang et al. (2013) 
attribute the progressive increase in dielectric constant 
with increase in m.c. to the transition of bound water state 
from monolayer or multilayer to free water state. At a m.c. 
of 13.3%, most of the water is bound to the protein or 
starch, reducing the free water within the maize kernel, 
hence low values of dielectric constant at this level of m.c. 
The high m.c. of 16.4% increases the proportion of free 
water within the maize kernels leading to more water 
dipoles which contribute to polarisation hence higher 
values of dielectric constant.  

Besides m.c., the frequency of the electrical signal 
significantly (p≤0.05) influenced the dielectric constant 
of the maize kernels. The findings from this study agree 
with those reported by Sacilik and Colak (2010) on maize 
kernels, Tomaraei (2010) on wheat, and Karjilova et al. 
(2013) on spelled grains. The frequency dependence of 
dielectric constant is also attributed to the polarisation of 
molecules with permanent dipole moments within the 
maize kernel. Polarisation follows the alteration of the 
electric field without any lag at low frequencies, hence 
larger dielectric constant values. The orientation of the 
dipoles cannot keep up with the rapid field reversals at 
higher frequencies resulting in low dielectric constant as 
the signal frequency increases (Nelson and Trabelsi, 
2012b). 

The level of aflatoxin contamination had no 
significant (p>0.05) effect on the dielectric constant of 
the maize kernels. The dielectric constant fluctuated with 

an increase in the level of aflatoxin contamination. These 
fluctuations in dielectric constant can be attributed to the 
small variation in m.c. among the samples. As already 
discussed, m.c. significantly affects the dielectric constant, 
and its effects are pronounced at higher m.c. levels. It is 
evident from Figure 3 that fluctuations in dielectric 
constant are greater at 16.4% and 15.4% than at 13.3% 
m.c. 

The relatively higher values of dielectric constant for 
maize kernels with aflatoxin levels of 1.5, and 2.6 μg kg-1 
and the low values of dielectric constant for maize 
kernels with aflatoxin level of 172 and 230 μg kg-1, could 
have been caused by the difference in bulk density. The 
dielectric constant of maize increases with bulk density 
(Trabelsi et al., 1998). The high aflatoxin contamination 
of 172 and 230 μg kg-1 indicates high A. flavus 
contamination which causes dry matter loss resulting in 
low bulk density. The maize kernels with aflatoxin 
contamination of 1.5, and 2.6 μg kg-1 undergo minimal 
dry matter loss due to low contamination with A. flavus, 
thus a relatively higher bulk density. 

Aflatoxin content in the grain kernel constitutes an 
insignificant proportion of the total maize composition. 
However, A. flavus significantly degrades the fat, protein 
and carbohydrate, besides producing aflatoxin. Aflatoxin 
contamination positively correlates to changes in the 
proximate composition of maize. Some researchers 
(Ryynänen, 1995; Ndife et al., 1998; Sahin and Sumnu, 
2006; Zhang et al., 2007) have reported that chemical 
composition influences the dielectric properties. 
Nonetheless, the changes in chemical composition of the 
maize kernels, associated with aflatoxin contamination 
had no impact on the dielectric constant of the maize 
kernels. This may be so because fats, proteins and 
carbohydrates have a low dielectric constant and their 
effect on the overall dielectric constant of the maize 
kernels was overshadowed by the effect of m.c. on the 
same as suggested by Nelson (1982). 

5  Conclusion 

The dielectric constant of maize kernels is 
significantly (p≤0.05) affected by the moisture content 
and the frequency. The dielectric constant is directly 
related to moisture content and inversely related to 
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frequency. Aflatoxin contamination, however, does not 
have any significant (p>0.05) influence on the dielectric 
constant of maize kernels. The coefficient of 
determination (R2) of dielectric constant and aflatoxin 
contamination levels was low (0.03-0.2687), which 
indicate a lack of correlation between the aflatoxin levels 
and dielectric constant of the maize kernels. These 
findings imply that the dielectric constant of maize 
kernels is unsuitable for predicting the degree of aflatoxin 
contamination in maize kernels within the 20-200 kHz 
frequency range. This study, therefore, recommends 
further research using higher frequencies. 
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