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1. INTRODUCTION

As a cereal crop, maize is one of the most important 
food and feed commodities. However, mycotoxin 
contamination of maize represents a widespread 
problem. In fact, maize can be easily contaminated 
by toxigenic mould such as Aspergillus and Fusarium 
species that are important either as plant pathogens in 
the field or as the source of mycotoxin contaminants 
during storage. Several issues are associated with grain 
moulds and their secondary metabolites in maize, i.e. 
mycotoxins, including lowered grain quality, adverse 
effects on human health, and on animal health and 
reproduction (Fink-Gremmels, 1999; Hussein et al., 
2001). Although numerous toxic fungal metabolites 
can be found in maize, attention has focused on the 
few mycotoxins that occur with greater frequency 
such as aflatoxins that are a group of secondary 
metabolites produced by the Aspergillus flavus and 
Aspergillus parasiticus. Aflatoxins B1, B2, G1, and 
G2 are a principal public health concern because of 
their pivotal role in the occurrence of primary liver 
cancer. Since 1993, aflatoxin B1 has been classified 
by the International Agency for Research on Cancer 
as carcinogenic to humans (group 1) (IARC, 1993). 
The European Commission fixed maximum levels for 
aflatoxin B1 (5.0 µg.kg-1) and total (B1, B2, G1, G2) 
aflatoxins (10.0 µg.kg-1) in “ maize to be subjected 
to sorting or other physical treatment before human 
consumption or use as an ingredient in foodstuffs ” 
(Commission Regulation (EC) No 1881/2006). Due 
to the high economic and sanitary impact on food 

safety and human/animal health, control of mycotoxin 
contamination is a primary objective of producers, 
manufacturers, regulatory agencies and researchers. 
Rapid methods for the determination of mycotoxins in 
cereals are highly needed in order to prevent the entry 
of mycotoxins into the food chain and thereby mitigate 
the human and animal risk.  An electronic nose (EN) 
may represent a promising analytical tool to be used 
for an early detection of mould spoilage in grain. The 
underlined hypothesis for the potential use of electronic 
nose is that the growth and the biochemical pattern of 
mycotoxin-producing fungi cause chemical changes in 
the composition of volatile compounds (Olsson et al., 
2002). Volatiles can be used as taxonomic markers of 
mycotoxigenic and non-mycotoxigenic fungi species 
(Magan et al., 2000). Electronic noses consist of 
non-specific chemical detectors, which interact with 
different volatile molecules and provide an electronic 
signal that can be utilized effectively as a fingerprint 
of the volatile molecules associated with the product. 
Identification and quantification of the odors by means 
of a pattern recognition system is possible (Feast, 2001). 
In this context, recent studies have demonstrated EN 
capability in order to discriminate between non-infected 
and infected samples with different species or different 
strain of toxigenic fungi, through the production of 
volatile secondary metabolites and to demonstrate 
the variation of the metabolic pathway due to the 
contamination of grain (Keshri et al., 2000; Magan 
et al., 2000; Falasconi et al., 2005; Paolesse et al., 2006; 
Presicce et al., 2006; Sahgal et al., 2007). Multivariate 
analysis for the extraction of additional information 
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from EN data and evaluation of association of fungal 
content with mycotoxins give promising results on 
the capability of this technique as tool and model for 
classification and quantification of mycotoxins. Thus, 
chemometric models applied to EN analysis enabled 
correct classification of contaminated maize and 
wheat samples with aflatoxins and deoxynilvalenol 
(DON), respectively (Tognon et al., 2005; Cheli et al., 
2007; Dell’Orto et al., 2007). Volatile compounds 
analysis by EN was used to detect ochratoxin A and 
deoxynivalenol in barley (Olsson et al., 2002). In this 
work, the potential use of an electronic nose combined 
with a multivariate statistic for rapid identification 
of maize samples contaminated with aflatoxins were 
investigated.

2. MATERIAL AND METHODS

Thirty maize meal samples containing aflatoxins 
were used in this study. Samples were analyzed by 
a commercial direct competitive enzyme-linked 
immunosorbent assay (ELISA) for the determination 
of total aflatoxins (B1, B2, G1 and G2) content. The 
assay is intended for use in grains, cereals, nuts, 
animal feeds and other commodities. Three aliquots 
of each sample were analyzed by the electronic 
nose PEN2 (Airsense Analytics GmbH, Schwerin, 
Germany) equipped with an enrichment and desorption 
unit (EDU2) and an automatic sampling device. 
Preliminarily, all the parameters involved in headspace 
sampling and analysis were optimized in order to 
obtain the best compromise between sensor responses 
and measurement time. Three grams of each sample 
were placed in airtight glass vials with a volume of 
12 ml and the headspace inside was equilibrated for 
24 h at room temperature. Afterwards, samples were 
exposed to a thermal desorption period, performed 
by EDU2 enricher/desorber unit (Air sense Analytics 
GmbH, Sherwin, Germany), and finally analyzed by 
the 10 MOS (Metal Oxide Semiconductor) sensors of 
the PEN2 electronic nose. Sensor details are reported 
in table 1. Electronic nose data were submitted to 
Principal Component Analysis (PCA) as explorative 
approach. Cross-validated Linear Discriminant 
Analysis (LDA) was adopted as classification model 
to make distinction from aflatoxins containing samples 
and aflatoxins free ones. Analysis was performed by 
SAS software (SAS Institute, 1999).

3. RESULTS AND DISCUSSION

Thirty maize samples were analyzed for aflatoxin 
content by ELISA and the results are given in table 2. 
In 24 maize samples aflatoxins concentration was in a 

range of 6 µg.kg-1-100 µg.kg-1, while 6 samples resulted 
under the detection limit of the assay (3 µg.kg-1).

The analysis of the maize samples by electronic 
nose showed that the sensor response curves stabilized 
after from 80 to 90 sec and therefore the signal of the 
sensors at 89 sec was used in analysis. Representative 
sensor pattern of negative and aflatoxin contaminated 
maize samples are presented in figure 1. PCA analysis 
applied to EN data showed that the first two components 
were able to explain 98.04% of total data variance. The 
corresponding plot of the two principal components is 
given in figure 2. A clear separation of the samples 
into two groups was found according to the presence 
and absence of total aflatoxins. The first group, in the 
left side of the principal component plot, corresponds 
to the negative samples. The second group, in the right 
side of the plot, corresponds to the contaminated maize 
samples, as determined by ELISA. Furthermore EN 
results showed that two MOS sensors (W1W - Sulphur-
organic and W5S - Broadrange) were related with 
the concentration of aflatoxins quantified by ELISA 
(Figure 3). Signals from these two sensors gave higher 
response for aflatoxins containing than aflatoxins free 
maize samples, showing the best correlation with 
ELISA results, even if not direct indication of aflatoxins 
concentration can be provided. To classify the maize 
samples into contaminated and non-contaminated 
group, the LDA classification method was applied to 
the data set obtained by the sensor response (Table 3). 
LDA gave a recognition percentage of 100% of correct 
response in cross-validation prediction. Therefore 
LDA demonstrated the ability of EN in classification 
of positive samples from negative ones. These results 
are consistent with those reported by other authors, 
which used different cereals contaminated with other 

Table 2. Aflatoxin contamination in maize samples (total 
aflatoxins by ELISA determination).

Sample code Aflatoxins Sample code Aflatoxins 
 µg.kg-1  µg.kg-1

1   20 16 100
2     7 17   95
3   20 18   18
4   60 19   97
5   50 20     6
6   90 21   18
7 100 22  < 4
8   30 23   17
9   90 24  < 4
10   60 25  < 4
11   90 26  < 4
12   20 27  < 4
13   20 28   20
14   30 29  < 4
15   50 30   15
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Table 1. PEN2 sensors details and applications.

No in array Sensor name Description Reference material

  1 W1C-aromatic Aromatic compound Toluene, 10 ppm
  2 W5S-broadrange Broad range sensitivity react on nitrogen oxides NO

2
, 10 ppm

    and ozone very sensitive with negative signal 
  3 W3C-aromatic Ammonia, used as sensor for aromatic compounds Benzene, 10 ppm
  4 W6S-hydrogen Mainly hydrogen, selectively (breath gases) H

2
, 100 ppb

  5 W5C-arom-aliph Alkanes, aromatic compounds, less polar compounds Propane, 1 ppm
  6 W1S-broad-methane Sensitive to methane (environment) ca. 10 ppm.  CH

4
, 100 ppm

    Broad range, similar to no8 
  7 W1W-sulphur-organic Reacts on sulphur compounds H

2
S 0.1 ppm.  H

2
S, 1 ppm

    Otherwise sensitive to many terpenes and sulphur 
    organic compounds, which are important for smell,
    limonene, pyrazine 
  8 W2S-broad-alcohol Detects alcohols, partially aromatic compounds,  CO, 100 ppm
    broad range 
  9 W2W-sulphur-chlor Aromatics compounds, sulphur organic compounds H

2
S, 1 ppm

10 W3S-methane-aliph Reacts on high concentrations > 100 ppm,  CH
4
, 10 ppm

    sometime very selective (methane) 

Figure 1. Representative sensor pattern of negative (left side, aflatoxins free samples) and contaminated samples (right side, 
aflatoxins containing samples).
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Figure 2. PCA score plot produced by the sensor responses 
for maize samples. Negative samples on the left side of the 
graph vs contaminated samples on the right side.
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Figure 3. W1W and W5S sensor values (electric resistance) 
in relation to the contamination levels of aflatoxins: 24 
contaminated samples on the left side of the graph (from left 
to right in accordance with increasing aflatoxin concentration) 
vs 6 negative samples on the right side. 
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mycotoxins (Olsson et al., 2002; Tognon et al., 2005; 
Cheli et al., 2007; Dell’Orto et al., 2007). 

Results indicate that electronic nose may be 
successfully applied as rapid method for screening of 
maize samples contaminated with aflatoxins. Rapid 
methods usually refer to methods that take minutes to get 
a result. In our experimental conditions, sensors array 
response was available for statistics after approximately 
30 min analysis. However for mycotoxin assessment, 
the speed of the method is not the only factor to be 
considered as other parameters are fundamental, such 
as user friendliness, reliability, non-destructivity, cost of 
analysis, possible use in a non-laboratory environment. 
After a setting up period, EN analysis can be carried 
out in completely automated way and no high level is 
required to perform the assay.

4. CONCLUSION

The results of this viability study clearly indicate that it 
is possible to differentiate and classify maize samples 
contaminated and non-contaminated with aflatoxins by 
using an electronic nose equipped with 10 MOS. Despite 
the small number of samples, the electronic nose was 
able to detect a clear difference in volatile profile of 
maize in the presence and absence of aflatoxins using 
PCA analysis. By the use of LDA a correct classification 
(100%) of maize contaminated and non-contaminated 
with aflatoxins was achieved. Results indicate that 
electronic nose may be successfully applied as 
rapid and non-destructive method for screening of 
commodities contaminated with fungal toxins, in order 
to select samples that must undergo further accurate 
quantitative analysis. Further improvements of the 
model are needed in order to eliminate or minimize 
the component in the model not directly related to 
aflatoxins concentration, to evaluate the potentiality 
of classification below/above legal limits and maybe 
to develop robust regression models for prediction of 
aflatoxin content in maize samples. Electronic nose, 
which enables high sample throughput with no sample 
preparation, appears to be very promising as rapid and 
non invasive diagnostic tool for rapid screening of 
commodities contaminated with fungal toxins, in order 
to select samples which must undergo further accurate 

quantitative analysis. Potential exists for EN technology 
coupled with chemometric analysis and neural network 
system for the development of out of laboratory and 
on-line systems in order to monitor grain quality.
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