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 Background: This article presents a method for the detection of pesticides in fruit 
produced for export by a low-cost electronic nose. Methods: The samples were 
acquired through a matrix of 16 metal oxide gas sensors, with the aim of determining 
the presence of organochlorine compounds. Results: The results showed that it is 
possible to implement an artificial sensory system, which allows to detect very fast and 
discriminate differentiate chemical compounds that are harmful to health Conclusion: 
In this study it was possible to detect compounds of pesticides in fruit from the 
response of a artificial sensory system, composed of a measurement chamber with an 
array of 16 sensors chemical fumes.  

 
INTRODUCTION 

 
Today the production of food (vegetables and fruits) in Colombia and all the world over is affected by the 

indiscriminate application of a series of chemicals. The control of food quality and freshness is a growing 
interest for both the consumer and the food manufacturer. The quality of a food product is evaluated through 
periodic chemical and microbiological analysis. Such procedures conventionally use techniques such as 
chromatography, spectrophotometry, electrophoresis, titrations and others. (Youssef et al. 2005) 

Any analytical methodology for determination of pesticides must be fast, economical and apply, in addition 
with few changes when you decide to switch matrix, at present, the gas chromatography meets the necessary 
requirements and reliable to determine and quantify the presence of traces of pesticides in the products 
mentioned, however, this technique is often very expensive, difficult tuning, maintenance and operation. In 
addition, the analysis process can be slow and complicated, which involves the recruitment of specialist workers 
and generally does not allow real-time analysis. Why the need to explore new strategies to achieve results equal 
to or better than the chromatography in rapid times and mainly at a low cost, one of these techniques are the so-
called electronic noses or olfactory sensory system, which are qualities or very interesting advantages such as: 

 
• Non-destructive analysis of the product. 
• Obtaining results in real time (in minutes) 
• Portability, ruggedness and low price. 
• Adaptation to different amounts and varieties of products. 
• In the classification and detection of odors with security, because they can be exposed to toxic substances. 
• Reliability and precision, because the results have been obtained in various investigations have been 

efficient. 
• Require only a manipulator, including some can be manipulated with one hand. 
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Integrated pest management is a practiced concept that involver a variety of chemical, biological, cultural 
and physical pest control techniques designed to reduce pest status to tolerable levels, maximize profitability 
and preserve the environment (Lampson et al. 2014). In recent years, application of multivariate statistical 
techniques (chemometrics) on chemical and sensory data for differentiation of food products based on origin, 
growing region, variety, detection of adulterants, prediction of the amount of food constituents and estimation of 
aroma properties has gained increasing attention. (Gupta, Variyar, and Sharma 2015) 

Determining the organophosphate (OP) and carbamate plaguicides present has become increasingly 
important in recent years because of the widespread use of these compounds, which is due to their wide-ranging 
biological activity and relatively low persistence (Pogačnik and Franko 2003). Currently the analytical methods 
for the detection of these compounds are very complex. Industry needs alternate methods that are able to 
indirectly and quickly detect chemical compounds before the product reaches the market.  For food production 
there are strict regulations which limits the use of plaguicides. Great efforts have been devoted to developing 
highly sensitive methods for the determination of OP plaguicide residues in foods and water (Xu et al. 2012). 

Techniques that have proven to be very helpful to Koreans, such as gas chromatography and mass 
spectrometry (GC-MS), provide a qualitative and quantitative analysis of different chemical compounds. 
However, this technology requires qualified personnel, are expensive and are large. The above techniques are 
generally very useful in the identification of toxic compounds, since it is possible to obtain specific results on 
the sample and identify plaguicides (Roepcke et al. 2011)(Xu et al. 2012). In addition, the system must be 
readily adjustable to control the quality of the product There is a need to explore new strategies, which has led to 
the development of an electronic nose that is more agile and reliable in determining the presence of plaguicides 
in agro-industrial products. materials and methods.    

 
Electronic Nose: 

Dodd and Persuad developed the electronic nose some three decade ago in 1982. These devices are 
engineered to mimic the human olfactory system and are capable of detecting volatile aromas released from 
various sources(Deshmukh et al. 2015).With this electronic device is intended to replace the chemical 
techniques for pattern recognition but being able to obtain the same results.The E-nose does not resolve the 
volatiles encountered in the sample into individual components. Instead it responds to the whole set of volatiles 
with a unique digital pattern.(Zhou and Wang 2011) 

Recently, electronic nose have been shown to be valid instruments that are applicable in many fields of food 
for the aroma control; these sensor have a low cost and can work on-line without simple pretreatment (Cevoli et 
al. 2011). In this way the electronic nose allows us perform a rapid method of analysis, which is non-invasive 
and without having to make a pre-treatment to the samples, it is also very important to point out that its use in 
the classification of food and volatile is increasing significantly in recent years. 

The electronic nose sensor response, is an analog signal whereas in biological olfactory systems bindings 
events at olfactory recetors generate ‘spykes’ view Fig. 1 (discrete pulses). This dichotomy and with the 
increased understanding of biological olfaction mechanisms, has led to the realization of several bio-inspired 
artificial olfactory systems not only at the abstraction level but also the data processing stage (Sarkar et al. 
2015)(Tudu et al. 2009). 

It is important as it determines in the upper part of the writing highlight that there are two sensitive parts of 
the analysis with the electronic nose, remove the response of the sensors and the processing of data from each 
sample acquired. 

Generally, electronic nose implements odor identification by judging synthesized feature of odors. The 
synthesized feature is extracted from the sensing response of the odor sensing system which is one of the critical 
parts in the electronic nose. (Zhao et al. 2016). A traditional electronic nose is formed from an array of chemical 
sensors broadly tuned to different chemical groups. When a sample is presented to the array, as each sensor is 
different, its response to that complex odour is unique. This pattern can the be learnt using a pattern recognition 
algorithm.(Westenbrink et al. 2015) 
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Fig. 1: Response of the sensors in an electronic nose 

 
Preparation Of The Samples: 

In this study we obtained a set of samples from different types of fruit (Strawberry "Fregariavesca", 
Blackberry "Rubusulmifolius", Cape Gooseberry "Physalisperuviana L") purchased from sites of supply 
(markets) of the city of Pamplona, Colombia. Approximately 500 grams of fruit were purchased each day, and 
analysis was conducted each day for 35 days. In total there were 27 measures in each of the categories. Fig.2 
shows the measurement system (Electronic Nose) call B-NOSE, which consists of three principal stages: 
concentration, measure and rest. 

 

 
 
Fig. 2: Electronic Nose (B-NOSE V1.0) project of the University of Pamplona. 

 
The sensory system was developed at the University of Pamplona and is composed of a matrix of 16 gas 

sensors of metallic oxides (TGS)(Gualdron et al. 2014). The sensors are chemical-resistive, in the matrix of 
sensors we found 16 different references in order to have diversity of applications in our sensory system, they 
are produced by the mark Figaro. 

In the test carried out was determined the sensitivity of the sensors in each of the measures made on the 
basis of the compounds emitted by the fruit, and the acquisition of the signal was developed on the basis of the 
measured variable in value of the conductance (1/Rs), where the resistance of the sensor (Rs) was measured in 
the light of the parameters and operating characteristics(Ortiz, Gualdron and Duran. 2015). Once the 
measurements were acquired it was determined that the sensors react very well before the volatile compounds.  

In total 80 measures were obtained with the three kinds of fruits, which were upgraded in a sampling 
chamber in order to obtain the set of appropriate measures. The measures were stored in a computer and through 
a software provided with pattern recognition algorithms was possible to differentiate the compounds emitted 
from the samples. 

 
Results 
A. Test with pesticides: 

Initially tests were performed with strawberries from different states of maturity, where the pesticide was 
applied by means of immersion with a concentration of 0.1 ml of CAPTAN N(triclorometiltio)ciclohex-4-ene-
1,2-dicarboximida, dissolved in 1000 ml of water which was sufficient to cover a crop of a hectare. The 
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contamination of the sample was made by immersion of the fruit for a time of 15 minutes for the volatile could 
be detectable in the sample. The purpose of this test was to determine if the computer is able to detect changes 
in a fruit without pesticides and fruit with changes of maturity, but that have been exposed to levels of pesticide. 

It is of importance to note that this mode of preparing the sample was endorsed by the experts in food, 
because what was wanted was similar the same conditions in which the fruit is exposed to pesticides. It is 
noteworthy that the fruit in any moment is destroyed or mistreated by the electronic nose because what you are 
going to analyze is the volatile or the "smell" that it produces, this is very different to how the analysis is 
performed in gas chromatography or mass spectrometry. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Software Bnose for processing of samples  
 
The sample with the statistical analysis of principal components is composed of 5 samples from control, 

fruit completely clean, and 22 samples that were submerged in the chemicals mentioned above. The 
methodology for the validation of the work is divided into two sections, both supported under the software 
developed for the electronic nose called Bnose that runs under Matlab platform. 

The procedure is to first initialize the DAQ module, in order to acquire the data from the 16 gas sensors in 
each sample must be set the same time of concentration, data capture and cleaning, the Fig. 3 show the software 
of the Bnose. 

 
B. Principal componentanalysis (PCA): 

The first method that is used to validate the result of this research is the statistical method of orthogonal 
transformation, this is necessary because what you want to find is that the samples are grouped together, in a 
sector that have all the concentrations of pesticide, and in another the 3 control samples. 

As illustrated in Fig 4, once the test was finished it was verified that the electronic nose can easily 
differentiate between a product free of plaguicide, regardless of the state of maturity. In this trial of research the 
three different states of maturity was taken into account. The main purpose of the trial is to determine if the 
strawberry has been contaminated with an organic plaguicide. It is noted that through the method PCA 
(Principal Component Analysis) and a 99 per cent of discrimination, it is possible to detect the compounds of 
plaguicides in fruit using the first three core components.   
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Fig. 4: PCA response (3D) for the discrimination of organochlorine compounds in the strawberry 

 
The classes in figure 4 are the following: 
• A, strawberry with 3 state of maturity, but with a organic pesticide supplied by immersion.  
• B, strawberry with 2 state of maturity, but with an organic pesticide supplied by immersion.  
• C, strawberry with 1 state of maturity, but with an organic pesticide supplied by immersion.  
• D, strawberry with a status of active participation, maturity 3 organic completely without any type of 

pesticide.  
• E, the solution was applied to the fruit.  
 
Thanks to the results of the PCA in which we can observe in a red circle control samples and a blue circle in 

the samples with pesticide that the patterns extracted from the samples can be perfectly classify fruits that have a 
presence of pesticides in other they are fully healthy, at the end of this first section of validation is to check with 
a neural classifier system. 

 
C. Artificial Neural Network (ANN): 

Neural networks are known for their use in control systems monitored, why they should know each one of 
the samples and the class to which it belongs. In this work, we have knowledge of all the samples, and are 
divided into classes according to their degree of maturity, it is for this reason chooses the MLP neural network 
(Multi Layer Perceptron) such as sorter tool. 

The processing is performed in the same way as with the statistical tool, in our own software for the 
electronic nose, as seen in figure 5, set the number of neurons, the works, transfer and other characteristics of 
this tool to validate the network then trained and find its effectiveness rate. 

 
Table 1: Results Of Mlp Network 

Classes Number of samples per 
training 

Number of samples per 
validation 

Result of classification 

A 3 3 A-A-A 
B 3 3 B-B-B 
C 3 3 C-C-C 
D 3 2 D-D 
E 3 1 E 

 
After that with the finisher was obtained that it is possible to differentiate the samples are trained a neural 

network by parties with 15 samples are being trained and are valid with 12 different to those used in the PCA 
results are 100% effective at the time of classify the samples view results in table 1. 
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Fig. 5: Neural network MLP in software Bnose 

 
As shown in figure 5 trains a MLP neural network with 5 neurons in the hidden layer and 1 neuron in the 

output layer, using functions of activation purelin and tansig, the training is carried in Matlab mathematical 
platform, you want a reliable network for new samples is done training by parties and with different samples to 
those of the statistical method, after completion of training the classifier is ready for new samples that you can 
determine if a fruit has presence of pesticide or not. 

 
Conclusions: 

Through this type of equipment, it is possible to determine non-invasively the quality of the product, thus 
avoiding early form the presence of toxic compounds that can reach the consumer. The main drawback to the 
electronic nose to detect is the concentration of the volatile, with the normal electrochemical sensors can achieve 
concentrations in ppm, the important thing is being able to work the fruit object of study in different states, 
complete, cut in half, and manipulate the time of concentration in order to obtain reliable measurements and 
successfully detect the composition of components.  It was possible to develop a new protocol with a new valid 
methodology for the detection of pesticides in fresh food, in addition is designed by a new full sensory system 
improved, geared specifically to this application along with a new software oriented to the acquisition of 
samples and classification using multilayer perceptron neural network. 

 
Knowledge: 

Through this system is able to detect volatile in a very low concentration than before with this type of 
sensors had not been achieved, this allows the electronic nose is used as a tool for quality control in the food 
industry, as well as to be the point of departure for new research projects in which the limitation is the very low 
concentration of volatile. We were able to obtain a new method of analysis for the presence of pesticides in food 
different from the gas chromatography and mass spectrometry, unlike these methods the analysis with an 
electronic nose is at a low cost because the investment in this equipment does not exceed $500 dollars. 
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