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ABSTRACT Corn (Zea mays L.) is one of the most important crops in the world, for both human 
and animal feeding, starch and syrup production and bio-fuel. However, its losses reach 10-20% of 
the production volume, mainly due to insects. Among the pests that attack corn, Angoumois grain 
moth Sitotroga cerealella (Oliver) (Lepidoptera: Gelechiidae) is distinguished during storage. 
Currently, chemical fumigants are employed with disinfestation purposes, but they have been 
reciently restricted because of their negative impact in the health and the environment. There are 
other alternative methods, such as thermal treatments, which include dielectric heating (microwave 
and radio frequency). The objective of this work was to design and apply microwave post-harvest 
treatments for white corn against S. cerealella. Power levels of 293, 390 and 475 W were applied to 
a batch of 250 g until reach the target temperature of 50°C in the grain center and held for 3 min, 
followed by air-forced cooling during 3.5 min. One batch was left as a control without treatment. 
Thermocouples and thermal imaging camera were used to evaluate the heating uniformity. Heating 
times were 56, 40 and 37 s, for 293, 390 and 475 W, respectively, during which, 100% of mortality 
in fifth-instar larvae was achivied (p˂0.05). The quality of treated white corn was followed thoughout 
germination ability (95±5%), moisture content (11.99±0.03% w.b.), hardness (136.285 ± 11.162 N), 
density (788 ± 2.05 kg/m³) and color (L*=69.36 ± 0.93; a*=1.76 ± 0.5; b*=25.20 ± 0.89). The 
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proposed treatments were effective for post-harvest corn desinfestation, without affect the quality of 
the grains. 

Keywords: Dielectric heating, Sitotroga cerealella, white corn, microwave. 

 

INTRODUCTION. The preservation of grains after being harvested presents a challenge worldwide, 
due to the fact that during transport and mainly in storage, there are quantitative and qualitative 
losses in various proportions. Post-harvest losses of grains in the world are mainly caused by 
inadequate handling, deterioration and pests (FAO, 2012). 

Corn is one of the most important grains worldwide, as it is the basis of food for a large part of the 
population and raw material for ingredients and biofuels, however there are large postharvest 
losses, mainly due to pests; Sitotroga cerealella is the most important economic pest that affects it 
(Garcia et al., 2010), so it is necessary to take actions to guarantee post-harvest conservation of 
the corn. 

There are several methods that can be used for the disinfestation of post-harvest products, which 
are classified as thermal and non-thermal; among the non-thermal ones are: controlled and 
modified atmospheres, physical, chemical and biological methods; while in thermals are located low 
temperatures (cooling), immersion in hot water, exposure to air and hot steam and dielectric 
heating (microwave and radiofrequency). The most frequently used are chemicals, for the ease and 
accessibility of them. These products include bromide derivatives, which from 2015 onwards should 
no longer be applied according to the Montreal Protocol, due to the damage generated to the 
environment and the residues left in the products (Protocolo de Montreal, 2000). That is why it is 
necessary to use methods that are really effective and safe for disinfestation, among which have 
been proposed, dielectric heating (microwave). 

 

MATERIALS AND METHODS 
Biological material. White corn (nixtamalero) was used because it is one of the most used in 
Mexico for the production of tortillas and other products. Corn was purchased in Irapuato City, it 
was characterized by performing the corresponding physicochemical tests, it was kept at -12°C for 
24 h to eliminate possible pests present, then infested with adults of S. cerealella for later perform 
microwave treatments. 

Characterization of corn 
Color test. The color tests will be done in triplicate with 40 g of sample, and using a Color Flex EZ 
colorimeter (model CFE20483 Hunter Lab, United States), measuring in the L* a* b* CIELAB scale. 
It was done in triplicate. Hardness was measured with a texture analyzer (TA-XT2, USA) using a 
metal probe, conical with a penetration of 2 mm in one of the corn kernels and a velocity of 2 m/s. 
Fifteen replicates of the hardness were performed and the result was reported in Newtons 
(Sánchez et al., 2004). The water activity of the corn kernels was measured in (Aqua Lab, model 
CX2, United States). The equipment was calibrated with distilled water. The grains were partially 
ground in a porcelain pistil mortar and a sample was placed in the sample holders of the equipment 
for the measurement, which was done in triplicate. The moisture content was determined in 
triplicate, using the official method 925.10 (AOAC 2000). The density of corn (ρ) was calculated 
with the ratio ρ= m/V, where m is the mass (g) and V is the volume occupied (cm3). The density 
was performed in triplicate (Mohsenin, 1986). For Germination, an EasyGreen germinator (Nevada, 
USA) was used, where 20 grains (10 grains per tray) were placed. The timer was programmed to 
perform micro irrigations every 4 hours for 6 days. 
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Calculation of Output Power of the Microwave Oven. 350 mL of water was weighed into a 
plastic mold ideal for microwave oven. The initial water temperature was measured and introduced 
into the microwave oven (LG, model Ms-0745vs) for 1 min with each power (10-100%), and its final 
temperature was measured with a digital multimeter (Model 4C21, Taiwan). The actual output 
power was calculated (Equation 1, Method IEC 60705). The tests were performed in duplicate. 

 Heating Curve. 250 g of corn were weighed. The initial temperature was measured and then 
introduced into the microwave oven (LG, model Ms-0745vs) and the temperature was measured 
with a digital multimeter (Bk precision, model 4C21, Taiwan) and a digital thermometer (Model CC-
4052) every 5 s. The powers 50, 70 and 90% were used. The determination was performed in 
duplicate. Subsequently, the cooling of the corn with forced air was done using a fan (Mytek, model 
3181, China). 

Development of the cooling curve. The batch of maize treated with microwaves to the different 
powers was cooled with forced air using a fan (Mytek, model 3181, China), placed at a distance of 
15 cm with an air velocity of 3.2 m/s. The temperature at the start of the cooling was measured with 
a digital multimeter (Bk precision, model 4C21, Taiwan) and with a digital thermometer (model CC-
4052); was monitored every 30 s, to reach the ambient temperature, 3.5 min later. The 
determination of the cooling curve was performed in duplicate. 

Infestation of corn. The corn was placed in plastic containers, adults were added Sitotroga 
cerealella, were kept covered with a mesh-type cloth, at a temperature of approximately 28°C and 
relative humidity of 75%; the process was monitored and the infested grains separated after 28 
days.  For the treatment with microwaves 125 g of grains identified as infested were weighed and 
mixed with 125 g of healthy corn, that is to say it was worked with samples with 50% of infestation 
this in order to determine the % mortality of the larvae of 4th stage of S. cerealella based on a 
known quantity of infested grains. 

Microwave treatment. A microwave heating protocol was designed to generate a temperature of 
50°C inside the grain (temperature at which Sitotroga cerealella larvae die), with 3 different powers 
(50, 70 and 90% of the maximum nominal power and with a heating time of 37, 40 and 56 s 
respectively, the temperature was maintained for 3 min to achieve mortality). After heating, the 
batch of treated grains was cooled for 3.5 min by means of forced air with a fan (Mytek, model 
3181) at a rate of 3.2 m/s determined with an anemometer (Prova, model AVR-07, Taiwan). The 
temperature was monitored with a digital thermometer (Model CC-4052) and digital multimeter (Bk 
precision, model 4C21, Taiwan), after treatment. The experiments were performed in duplicate. 

Uniformity of heating. To determine the uniformity of the heating, it was performed by calculating 
the coefficient of variation (CV) and with thermal imaging. The CV was calculated with the relation 
of the average of the temperatures and the standard deviation, in each one of the treatments. The 
thermal images (Figure 3) were taken with an infrared camera (FLIR, model A310, Sweden), 
immediately after leaving the treatment with microwaves, the container with the corn was placed at 
1 m distance, with a reflected temperature of 20°C, humidity relative to 50% and an emissivity of 
0.90 (value for organic product). 

Insect mortality. The insect mortality was verified by inspecting the treated grains, the grains 
infested were identified by the damage in them and visualized with a stereomicroscope; the corn 
grains infested were broken with a pistil in a mortar and the larvae were separated.The total of the 
recovered insects were counted and the mobility of the insects was observed, those that remained 
immobile for more than 30 min were considered dead. Mortality estimates as the ratio of dead 
insects to total insects recovered by 100%. 
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Physicochemical properties. Physicochemical tests were performed on treated maize and control 
batch, which were described in characterization of corn section. These tests were performed on 
days 0, 15, 30 and 90 post-treatment, the batches of maize were kept stored in plastic containers 
with a lid with a temperature of 25-30 °C. 

Statistic analysis. Statgraphics Centurion XVI was used for the analysis of results, the design was 
completely randomized, an analysis of variance and the Tukey's test were performed for the 
multiple comparison of means with p˂0.05. 

 

RESULTS AND DISCUSSION. For the heating curves 56, 40 and 37 s were used to generate a 
temperature of 50°C inside the grain for the powers of 293, 390 and 475 W respectively, that 
temperature was maintained for 3 min, followed by cooling for 3.5 min (Figure 1), conditions at 
which Sitotroga cerealella larvae die, based on laboratory tests and reported by Wang et al., 2009 
for Cydia pomonella (L) (Lepidoptera: Tortricidae) and Amyelois transitella (Walker) (Lepidoptera: 
Pyralidae), which reported 100% mortality with a treatment of immersion in water at 50°C with a 
time of more than 10 min. Because the same genera studied were not treated by Wang et al., 2009, 
the treatment was initially performed with the same conditions only with a retention time of 2 min, 
however under these conditions only 94% of mortality, whereby the final treatment was performed 
with the retention time of 3 min. According to the design of the microwave treatment (Figure 1), it 
can be seen how the treatment with 475 W is carried out in a shorter time, so this brings 
advantages in the process such as it reduces the applied energy and therefore the costs of the 
process. 

Heating uniformity. The calculation of the coefficient of variation indicates that the best treatments 
are 50% (293 W) and 90% (475 W), because they have the lowest CV values (Figure 2); and as 
reported by Geedipalli et al., 2007 and Soto-Reyes et al., 2015, a lower CV value indicates a more 
uniform heating. Thermal images was performed with the infrared camera (FLIR, model A310, 
Sweden), corn at temperature (18°C) and corn at 50, 70 and 90% nominal oven power (50°C). 
According to the thermal images (Figure 3) it is observed that the treatments made with 
microwaves are not completely uniform, this can be due to several causes, in the form of the 
container that contains the samples, it is necessary to implement strategies so that microwave 
energy has more uniformity in the sample, this can be achieved by using a container with a more 
rounded shape and using a mechanism of movement in the sample during the treatment. However, 
the target temperature (50°C) is reached and maintained in corn grains and thus mortality of larvae. 
When the thermal images are related to the calculation of the coefficient of variation, which is 
another indicator of the uniformity of heating, it is observed that the treatment with the power 90% 
obtained a lower CV (0.016) and with homogeneous temperature averages (50.2°C), followed by 
the power of 50% (CV=0.028), with differences between the average temperatures of 0.9°C and 
finally the treatment with power of 70% (CV=0.068) and with a difference in average temperatures 
of 3.4°C. Therefore according to the above it is established that the best treatment with microwaves 
for corn, is with 90% of power. 

Mortality. To determine the mortality rate, the treatment was carried out in a batch of 250 g maize 
with 50% infestation. After treatment, the grains were broken and 146 ± 14 larvae were recovered, 
which did not show mobility after 30 min of observation, that is to say 100% of mortality was 
achieved. Purohit et al., 2013 realized studies using mung bean for disinfestation in the different 
stages of life of of Callosobruchus maculatus (L.) (Coleoptera: Bruchidae) bean weevil  microwave 
power using 200, 300 and 400 W for 14, 28 and 42 s. 100% of insect mortality was achieved for all 
stages of life (egg, larva, pupa and adult) with exposure to the power level of 400 W for 28 s; 
caused a surface temperature of the bean mung of 68.1°C. Eggs were the most susceptible and 
adults were the least susceptible to microwave treatments. 
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Characterization after treatment. The moisture of the corn kernels was not affected by the 
different treatments applied with microwaves (p<0.05). Corn treated did not present a statistically 
significant difference (p<0.05) in the three potencies (293, 390 and 475 W) until day 30 of storage. 
Corn treated did not present a statistically significant difference (p <0.05) in the three potencies 
(293, 390 and 475 W) until day 30 of storage. The corn after the treatments complies with the 
Mexican standard NMX-FF-034/1-SCFI-2002, which establishes a maximum of 14% moisture for 
white corn. The treatment did not affect the density of corn kernels, there were no significant 
differences between the different treatments or between days of corn storage (p <0.05). In addition, 
treated corn complies with Mexican Standard NMX-FF-04/1-SCFI-2002, which specifies a minimum 
density of 740 kg/m3. The treatments did not affect the hardness of the corn (p <0.05). Dalmoro et 
al. (2015) performed disinfestation of beans and wheat with microwave treatments and also 
measured hardness before and after treatment, and reported that there was no significant 
difference before or after treatment. The color of corn is not affected after applied treatments 
(p<0.05). Corn germination is not affected by treatments, there is no statistically significant 
difference (p<0.05) between the different treatments. The data obtained are similar to those 
reported by Dalmoro et al. (2015), who performed microwave treatments in beans at 1000 W, 75 s 
and in their results reported that the germination in the treated bean was not significantly modified. 
However, Purohit et al. (2013) reported that the germination of mung bean treated at 400W for 28 s 
was 70%. Vadivambal et al. (2007) reported that germination in wheat treated with microwaves 
from 250 to 500 W for 28-56 s decreased significantly (81-47%). 

 

 

         (1) 

  

Where: 

M = mass (g) 

Cp = heat capacity of water (K/J). 

ΔT = temperature difference (°C). 

T = time (s). 
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Figure 1. Treatments with microwaves in corn, A. Heating time (s) to reach 50°C according to 
power, B. Holding time (3 min) and C. Cooling time (3.5 min). 

 

 
Figure 2. Coefficient of variation in the three power levels. 
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 Figure 3. Thermal images in corn at 18°C (a); after treatments at 475 W (b), 390 W (c) and 
293 W (d). 

 
 

CONCLUSION. It was possible to design post-harvest treatments with microwaves in white corn 
at 3 different powers (293, 390 and 475 W). Based on the results obtained and analyzed it can be 
established that the treatments designed did not significantly modify the quality of treated corn. The 
treatments applied in corn, with the three different powers 293, 390 and 475 W; in 56, 40 and 37 s 
respectively, were effective for the disinfestation of Sitotroga cerealella, achieving 100% mortality in 
the larval stage. The most efficient treatment and that did not significantly affect the characteristics 
of corn was 475 W (90%) with 37 s. 
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