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1 Introduction
To meet the needs for both food and feed, maize is a cereal 

expressly produced for its nutritional and energy characteristics 
and has become one of the most cultivated grains in the world 
(Camilo et al., 2015; Pinto et al., 2010; Rocha-Olivieri et al., 2012).

Polycyclic aromatic hydrocarbons (PAHs) are organic 
compounds formed by the incomplete combustion of organic 
materials. PAHs are composed of two or more benzene rings, are 
considered environmental contaminants, and may be present in 
soil, water and air. This environmental contamination may lead 
to the contamination of food by PAHs still in the fields (Rojo 
Camargo & Toledo, 2003).

PAHs can form in foods during production processes, 
such as smoking, drying and roasting, and may be present in a 
variety of products, such as oils, fats, vegetables, fruit and coffee 
(Camargo et al., 2007; Drabova et al., 2013; Tfouni et al., 2014; 
Wang et al., 2011; Xu et al., 2013).

JECFA (Joint Committee FAO / WHO Expert Committee 
on Food Additives) considers the following 13 PAHs to be 
carcinogenic and genotoxic: benz [a] anthracene (BaA), chrysene 
(Chr), 5-methylchrysene (5MChr), benzo [j] fluoranthene (BJF) 
benzo [b] fluoranthene (BbF), benzo [k] fluoranthene (BKF), 
benzo [a] pyrene (BaP), dibenzo [a, l] pyrene (DalP) dibenz 
[a, h] anthracene (Daha), indeno [1,2,3-cd] pyrene (ICPD) 
dibenzo [a, e] pyrene (DAEP), dibenzo [a, i] pyrene (DAIP) and 
dibenzo [a, h] pyrene (DAHP) (World Health Organization, 
2005). Benzo(a) pyrene is classified in group 1A (carcinogenic 
to humans) by the IARC (International Agency for Research on 
Cancer) (International Agency for Research on Cancer, 2010).

The European Union sets ceilings for four PAHs in some 
food categories. The limits range from 1.0 µg kg-1 to 6.0 µg kg-1 
for BaP and 1.0 µg kg-1 to 30.0 µg kg-1 for the sum of four PAHs 
(pAH4: BaA Chr, BbF and BKF) (The Commission of the 
European Communities, 2011). In Brazil, the legislation only 
sets limits on BaP in the following categories: drinking water, 
smoke aroma and olive pomace oil (Brasil, 2003, 2004, 2007).

PAHs are compounds that may contaminate stored grains 
as they are formed in the furnace during the drying process by 
the use of the direct combustion of firewood as fuel and high 
combustion temperatures (Klautau, 2008; Rozentãle et al., 2015).

To improve food quality, ozone gas, a powerful oxidizing 
agent, is used in post-harvest operations for decontaminating 
microorganisms such as bacteria and fungi, although its effectiveness 
also includes protozoa, viruses and fungus spores, in addition 
to insecticides and food quality control (Bermúdez-Aguirre & 
Barbosa-Cánovas, 2013; Cantalejo et al., 2016; Ong et al., 2013; 
White et al., 2010).

Ozone has many advantages including maintaining the 
physiological characteristics of the food, its speed of degradation, 
and producing oxygen (O2) as a byproduct (Laureano et al., 2016).

Given the above, this study aims to investigate the effect of 
ozone gas at different exposure times on polycyclic aromatic 
hydrocarbon degradation (PAHs) and the quality of maize 
grain, evaluate maize conditions before and after the procedures 
adopted for evaluation.
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2 Materials and methods
Maize grains (Zea mays L.) produced in the Rio Verde 

region - GO, provided by the company CARAMURU S/A with a 
moisture content of 16.38% (b.u.) were used for the experiment. 
The samples were analysed in the Vegetable Products Post-harvest 
Laboratory of the Federal Institute of Education, Science and 
Technology, Goiano (IF Goiano - Campus Rio Verde).

The grains were passed through a drying process by 
natural convection using a direct fire furnace to produce PAH 
contamination. The grains remained for approximately 30 minutes 
at the dryer air temperature of 113 °C and 55 °C in the grain 
mass. Then, they were used as fuel with eucalyptus chips with a 
particle size of 3 to 5 cm, and the moisture content was reduced 
to 11.5% (b.u.).

Analyses were performed to determine the levels of 13 PAHs 
(BaA, Chr, 5MChr, BJF, BbF, BKF, BaP, DalP, Daha, ICDP, 
DAEP, EOAD and DAHP) after ozonation using high efficiency 
liquid chromatography with fluorescence detection. The sample 
preparation was based on Speer et al. (1990). For this analysis, 
a Shimadzu gas chromatograph was used with a quaternary 
pump, auto sampler and column, which was oven stable at 30 °C.

Column chromatography (Vydac 201 TP 54 C18, 250 x 4.6 mm) 
was used for separation with particles of 5 μm, at a flow of 1 mL 
min -1 and with a gradient of acetonitrile water. The detection was 
made by a wavelength program. The method was a detection limit 
of 0.12 µg kg-1 for all PAHs except ICPD and BJF (1.2 µg kg-1).

After confirming the presence of PAHs, the samples were 
subjected to fumigation with ozone gas. The ozone generating 
equipment, supplied by VEC-XT, a partner company of Interozone 
of Brazil, LTDA, was used to obtain the ozone (O3) by dielectric 
barrier discharge (DBD). The exposure of the maize grain to 
ozone was performed according to the methodology described 
by Pereira et al. (2008).

The dried samples were ozonized in triplicate by natural 
convection in a direct fire furnace at the following different times: 
0 (no ozonation), 4, 8, 12, 16, 20 and 24 h on a 0.40 x 0.45 x 0.55 m 
polyvinyl chloride (PVC) airtight container coupled to the 
ozone generator. The environmental average temperature was 
30 ± 2 °C, and the relative humidity was 53 ± 6%.

At the bottom and the top right side of one of the compartments, 
the inlet and outlet gas was installed. At a height of 10 cm from 
the bottom of the container, a PVC grid pattern was included to 
support the grain and to form a plenum chamber for the better 
distribution of gas. The exhaust side is connected to another 

container of similar dimensions to release residual ozone before 
discharge into the atmosphere to ensure the neutrality of the 
“wall effect”.

After ozonation, the samples were further analysed to 
quantify the PAHs.

The ozone concentration was determined by the iodometric 
method described by Clesceri et al. (2000).

From the values of constants B and C, according 
Venegas et al. (1998), it is possible to obtain the saturation time 
for each combination and gas flow.

The concentration of ozone was 1.74 mg L-1, and the saturation 
time was 112 min.

The samples were evaluated in triplicate for the following: 
moisture content (MC), according to the American Society of 
Agricultural Engineers (2003); germination percentage (% G), 
according to the method in Maguire (1962); electrical conductivity 
(EC), according to Vieira & Krzyzanowski (1999); classification 
of grains, according to Brasil (2010); colour analysis taking 
(Color Flex EZ, Hunter Lab Reston, Canadá) into consideration 
the brightness parameter (L *), direction red to green (a *) and 
direction yellow to blue (b *); and hue angle (h) indicates the 
colour tone and chroma (C *) indicates the colour intensity, 
as determined by the following Equations 1 and 2, according 
Alencar et al. (2010):

( ) *  1
*

= −
bH h tg
a

	 (1)

( ) ( )*  ² * ²= +CromaC a b 	 (2)

The centesimal composition evaluated the proteins, lipids, 
crude fibre, ash, moisture content and carbohydrates according 
to Silva & Queiroz (2006).

The experiment was conducted using a randomized design 
(RD), with seven ozonation times (0, 4, 8, 12, 16, 20 and 24 h). 
The data were analysed by analysis of variance with a 5% significance 
level. For the qualitative factor, the means were analysed using 
the Scott-Knott test to evaluate the effect of the exposure times, 
adopting the 5% significance level.

3 Results and discussion
Table 1 presents the summary of the analysis of variance with 

the mean square values of the moisture content (MA), electrical 
conductivity (EC), germination percentage (% G), percentage of 

Table 1. Summary of the analysis of variance with the square values of the moisture content (MC), electrical conductivity (EC), germination 
percentage (%G), hue angle (°h), chroma (C*), L *, a * and b * and the times of ozonation at a 5% significance.

FV GL MC
(% b.u.)

EC
(µScm-1 g-1) %G Fermented

(%)
Burnt
(%) °h C* L* a* b*

Time 6 0.04NS 4.43NS 32.65NS 10.64** 0.18NS 0.001* 6.40NS 6.93NS 4.10NS 7.81NS

Residue 14 0.09 3.57 16.63 2.10 0.27 0.0004 7.20 4.62 4.89 10.71
CV (%) 3.52 8.65 8.16 12.50 100.24 1.86 6.00 3.70 12.06 8.12
Media 

General
8.70 21.84 49.98 11.60 0.52 1.15 44.69 58.14 18.34 40.32
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fermented and burnt grains, colour parameters angle hue (h °) 
and chroma (C *), L *, a * and b * of maize grains in different 
periods of ozonation.

Note that there was no effect of ozonation time on moisture 
content, electrical conductivity and germination percentage. 
Similar to the ozonation time for fermented grains, the overall 
average was only lower among ozonization times for the burnt 
grains, indicating less damage occurred to the grain.

In previous electrical conductivity studies, Nascimento et al. (2008) 
found that applying ozone in coffee pulp treatment did not 
interfere with electrical conductivity.

The results obtained by Rozado (2013) indicate that ozone 
did not interfere with the electrical conductivity and germination 
of maize and also found that the moisture content increased in 
grain infested by insects, ozonated and stored in metallic silos.

According to Silva (2011), ozone gas did not affect the 
classification of wheat grains, which is contrary to the results 
observed in this study (Table 1).

It is also noted (Table  1) that the ozonation time only 
affected the hue angle. The results are compared for the hue 
angle, according to Alencar (2009), verifying that there the effect 
of ozone was also obtained in peanut kernels.

Table 2 shows the average percentage of fermented grain, 
according to the different periods of ozonation.

The grains without ozonation (0 h) differed from the other 
grains indicating that there was a higher amount of fermented 
grains. With ozonation, there was a decrease in the fermented 
grain values, which occurs due to the oxidative power of ozone 
gas (Rozado, 2005).

Table 3 presents the summary of the analysis of variance 
for the carbohydrates, ash, crude protein, crude fibre, lipids and 
moisture content of corn grain ground for the proximate analysis 
and subjected to different times of ozonation.

There was effect on the ozonation time for the ash and 
lipid variables. Regarding the lipids, the results show the same 
behaviour observed by Benevenuto (2013), which evaluated a 
mixture of ozonated ground corn and soybean meal and found 
that there was no effect of the gas with a reduction in lipid content.

Note that the effect of ozone on ash for the variable times of 
0, 4 and 16 h is higher than that for 8, 12, 20 and 24 h. For the 
lipid content, 8, 12, 16 and 24 h was a higher effect than the 
other times. Table 4 shows the average values for the ash levels 
and lipids by ozonation time.

According to Alencar (2009), the ozonation times of  
0, 24, 48, 72 and 96 h was no effect on the lipid content of peanut 
kernels. Pereira et al. (2016) found that the lipid content in maize 
grain is oxidized by ozone.

Exposure time did not be an effect on PAHs present in maize 
grain. According to Letzel et al. (1999), ozone degradation was 
no effect on benzo degradation products (a) pyrene ozonated 
using the B [def] C-lactone, contradicting the results of this study. 
The mean PAH values for benzo (a) anthracene, chrysene and 
5-metilcriseno were 0.09, 0.32 and 0.28, respectively, indicating 
that the concentrations were low in the ozonated maize samples.

Tables  5  and  6 presents the summary of the analysis of 
variance and values for the PAHs, respectively, detected in corn 
grains (benzo (a) anthracene, chrysene, 5-metilcriseno, benzo 
(b) fluoranthene, benzo (k) fluoranthene and benzo (a) pyrene) 
according to different ozone exposure times. The other PAHs 
(BJF, DalP, Daha, ICDP, DAEP, EOAD and DAHP) were not 
detected in the samples (LOD of 0.12 µg kg-1, except for ICDP 
and BJF, whose LOD is 1.2 µg kg-1).

For infant foods made from cereals, European legislation 
mandates a limit of 1.0 µg kg-1 for benzo (a) pyrene and 1.0 µg kg-1 
for pAH4 (The Commission of the European Communities, 
2011). In Brazil, the legislation only sets limits for BaP in the 
following categories: drinking water, smoke aroma and olive 
pomace oil (Brasil, 2003, 2004, 2007).

Haapea & Tuhkanen (2006) studied the effect of ozone on 
HPAs present in the soil, and the removal of these compounds 
using ozone gas occurred 90% of the time, which corroborates 
our results (Table 6). Alencar (2009), studying ozonized peanut 
kernels, described a possible reason for the inefficiency Ozone 

Table 2. Average percentage of fermented grain for the different periods 
of exposure to ozone.

Time O3 (h) Fermented (%)
0 15.53 b
4 11.90 a
8 11.63 a

12 11.40 a
16 10.50 a
20 10.30 a
24 9.93 a

The means followed by the same letter in the column do not differ by the Scott-Knott 
test at 5% significance.

Table 3. Summary of the analysis of variance with the mean square values of the variables carbohydrate, ash, crude protein, crude fiber, lipids 
and moisture content as a function of ozonation times.

FV GL Carbohydrate (%) Ash (%) CrudeProtein (%) Crude Fibre(%) Lipids (%) Moisture content
(%b.u.)

Time 6 1.07NS 1.01** 0.09NS 0.14NS 1.17** 0.25NS

Residue 14 1.09 0.13 0.21 0.26 0.09 0.12
CV (%) 1.47 15.22 5.03 15.57 5.87 3.93

Média General 71.40 2.35 9.15 3.30 5.05 8.74
** Significant at 1% by F test; NS: not significant.
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gas may be present in the moisture content of the grains, since a 
lower moisture content in the produced gas decreased efficiency.

4 Conclusions
Convective drying in a direct fire furnace promotes the 

contamination of maize grains by PAHs.

The ozonation times influence on the quality of maize grain 
as lipids, ash and germination percentage.

The ozonation times used did not promote the degradation 
of the PAHs present in maize grain.
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