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ABSTRACT 
 

Background: In this work is carried out an investigation of the behavior of the volatile that emit the fruits contaminated in relation to 
those that are totally organic through an electronic nose, the aim is to achieve a qualitative classification into two classes, presence of 
pesticide and organic food, this which allows is to reduce the rates of diseases because of the excessive contamination of the food and 
create a new methodology through a low-cost electronic equipment that is a tool for small and medium-sized farmers. Objective: 
Determinate the presence of organochlorine in the fruits using a electronic nose for quality analysis. Results: Were determined the 
minimum quantities of pesticides that can be detected by the device and they do damage to the health. Conclusions: In this research 
There is an investigation of the behavior of volatiles emitted contaminated fruit in relation to which they are completely organic by an 
electronic nose is made, the goal is to achieve a qualitative classification into two classes, the presence of pesticide and organic food, 
this will which allows is to reduce disease rates by excessive contamination of food and create a new methodology through a low-cost 
electronic equipment that is a tool for small and medium farmers. 
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INTRODUCTION 
 

Food production in Colombia, both plants and animals, are affected by the indiscriminate use of chemicals. 
Since its introduction around 1950 pesticide use of organic origin has led to better quality and higher yields 
compared to when only inorganic origin pesticides were used; however, organic products are more difficult to 
eliminate foods that inorganic salts and therefore have created the potential waste of highly toxic pesticides to 
humans and the environment problem. High demand in the use of pesticides generates consequences that affect 
ecosystems generating imbalances; it affects not only farmers but also consumers; this is due to the residual 
generated in food [1]. This problem at the country level has hampered access to international markets, where 
standards are highly restrictive with respect to the presence of traces of organochlorides, organophosphates and 
carbamates in fresh or processed. 

This has meant that necessary studies to detect the presence of these compounds in various foods, 
especially fruits, but because analytical methods are costly and delayed the industry requires alternative 
methods, indirectly, but in a short time can identify these compounds before the product reaches the consumer. 

The use of pesticides coincides with the "era chemical" which has transformed society since the 1950s in 
areas where intensive monoculture is practiced, pesticides are the usual method of pest control. Colombian 
pesticide industry began in 1962 with the formulation of products, in 1964, the synthesis of some active 
ingredients such as Mancozeb and Cymoxanil fungicide began, herbicides diuron and propanil and disinfectant 
Metam soil sodium. Consumption in 2003 was nearly five times higher than in 1980 and 3 times higher than in 
1995. 
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The research is to propose an alternative or method for detecting pesticides family of organochlorides, 
organophosphates in fresh foods especially fruits using electronic noses or multisensory systems. 

 
2. Theorical Framework: 
3.1. Electronic nose: 

The multisensory systems are a research and data about 30 years but has boomed in recent years developing 
new products and finding applications at another time would not be possible to perform them. A multisensory 
system is based on sensors, which may try to imitate the behavior of the human senses, smell and taste.[2] 

During the 80s the researchers focused on a scent machine that would be called electronic nose, a 
compound of an array of sensors that allowed recognize some odors or physical compounds, a variety of sensors 
instrument has been developed on the basis of three materials widely used, metal-oxide polymers and enzymatic 
sensors. These systems constantly being compared with spectrometers or chromatographs, as these instruments 
once the information we can call data is acquired, this is analyzed and processed by different techniques: 

 
• Principal Component Analysis 
• PLS 
• Analysis of functional discrimination 
• Cluster Analysis 
•Diffuse logic 
• Neural Networks 
 
Overall the electronic nose is a device composed of four functional stages and it’s represented in the figure 

1. [3] 
 
• Concentration of volatile 
• Capture volatile 
• Electronic Control 
• Processing information 

 
Fig. 1: E-Nose general scheme [3] 

 
The concept of electronic nose is born an idea to recreate one of the most complex senses that human, 

smell, where the olfactory bulb works hand in hand with the brain to easily identify odors, and part chemical 
concentration, this parallel can be seen in figure 2 along with parts of an electronic nose that starts from 
sampling the concentration must pass through an array of sensors, that information is captured by a system of 
data acquisition and then be processed a computer or device and having an output that can be, quantitative or 
qualitative depending on the amount of information obtained can determine what type of volatile is being 
examined, a qualitative analysis [4], or extrer full information what concentration where it is expressed in a 
quantitative analysis, the latter goes hand in hand with the ability of the sensors that are installed in the 
electronic system [5], because if its maximum detection threshold is a 3ppm example, it would be impossible 
quantifying concentrations are in the order of ppb, or ppt. 
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Fig. 2: Comparison between electronic nose and olfactory system 

 
3.2 Pesticides in fruits and detection: 

 
Many years ago before they enter the market pesticides, farmers had to struggle with diseases in their crops 

that often they represented total loss of their investment by finding the completely damaged product. research 
developed chemicals that attack the disease directly helping to control their growth and drastically reducing the 
losses felt this sector of the economy [6], but its benefits have their counterpart and a large number of projects 
has shown that the use irresponsible of these chemicals have consequences in some cases fatal or carcinogenic 
to human health. 

Because of this precedent many countries to enable food consumption from other countries are looking 
quite strong controls levels of insecticides or pesticides in food is minimal and has no major impact on 
health[7].  

The most commonly used insecticide and pesticides in general are organophosphates and organochlorides, 
they can generate a very strong imbalance in ecosystems and directly affect the health of farmers and 
consumers. Currently the analytical methods to determine the concentration of these substances in food is very 
complex and in many cases with a fairly high economic component [8][9], the industry needs alternative 
methods to detect these components in a fast before the product reaches the market or place of shipment. 

 
3. Physic-chemical analysis sensors and response: 

The first step of the project was to conduct a physical-chemical analysis of fruit with performing the tests 
should be ensured that the sensors can react to the volatile emitted each food, and can be easily classifiable, if 
the sensors are not in ability to detect these volatile should choose another type of sensor. 

The methodology takes as its starting point the electronic nose B-nose with which account the research 
group GISM, one of the results of the project is to create a new multi-sensory system, but from this to that have 
developed a great number of projects, seeking to leverage their strengths and reduce their weaknesses. 

 

 

 

Fig. 3: Fruits images under study 
 
3.1. Try strawberry, blackberry and Uchuva: 

 
To try this food a kilo of each fruit is achieved in the marketplace, it is subjected to different conditions and 

times concentration to determine the ideal for detecting volatile in the multisensory system Thus, in Figure 3 
observes the quality of food. It is determined to start 5 minutes concentration time, 2.5 minutes to capture time 
and 2 minutes for cleaning time on the device, they are going to make 4 samples per test. 
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3.1. Analysis of results classification fruits: 
With the data obtained previously will determine whether fruit if they have a different pattern each or is an 

overlap that prevents proper study and research. Each sample was carried out a pre-processing with reference to 
the maximum conductance least the minimum conductance divided into the maximum conductance, this is one 
of the common patterns that work in this system. Once they have done processing the data is loaded and 
statistical analysis is performed PCA components. The result was very good, because although some samples 
were alone, most are grouped, which indicates that the sensors respond very good way to fruits studied. 
Individual PCA are also performed to see the behavior of the samples and determine what may be the best way 
to perform the sampling. 

Figure 4 shows the results of performing the principal component analysis of all samples taken are, 
although we found a couple of samples a bit scattered, the vast majority behave towards one place, this indicates 
that the nose is in the ability to discriminate the type of fruit taking as its starting point the samples collected. 

 

 
 
Fig. 4: principal components analysis Strawberry, Mora and Uchuva 

 
A very important aspect in this first research part apart from determining that the MOS sensors with which 

we at the University of Pamplona were Useful in the rest of the project, also it wanted to check whether affected 
somehow have the complete, or cut fruit into pieces, in order to determine this factor analysis of main 
components running on samples of strawberry, blackberry and Uchuva , based on these results the next part of 
the research, where pesticides and tends to detect and classify against completely organic fruit was designed. 

  

 
Fig. 5: PCA Strawberry 

 
In Figure 5 the two ovals are observed in the red shows how samples of whole strawberry are grouped 

without suffering any court, and the orange oval find fruit cut in half and quarters, nose you can determine when 
the fruit is cut, or when this whole, but determine how many parts is divided if not able to perform, so it is 
decided in the next phase of research work with the whole fruit, if it fails to detect many volatile then you can 
find ways to increase the concentration time and decrease time data capture. 

 
C. Tests with pesticides: 

In Figure 6, the electronic nose at the University of Pamplona product of a research project of 2009 
illustrated, with this tool research continues, hoping to find as a result the design of a new prototype that 
improves its performance greatly. 
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Fig. 6: Electronic Nose Nose 1.0 

 
In Figure 6 are 3 of the most widely used crops typical of the region of Norte de Santander, which is 

prepared is the Pirestar 38 EC fruit pesticides, the idea is to achieve a concentration of 3 parts per million. 
Although it is quite small, it means a great damage to human health and the environment, the challenge in 

this first practice is that the sensors are designed to detect substances from 5 parts per million, so the results of 
this practice will as a result two very important items, the first approval to proceed with construction of a new 
instrument E-Nose 2.0, with the same MOS sensors seen, and the second most important statement that you can 
believe a new methodology from the electronic nose for detecting pesticides in fruit. The work schedule is very 
concise and can be explained as follows: 

1. Preparation of the sample with a concentration of 3 ppm 
2. The utilization organic fruit (without pesticides) classified by maturity stage 1, 2 and 3 
3. Displays with the electronic nose of the pesticide only 100 ml 
4. Sample with organic strawberry electronic nose (no pesticide) 
5. Sample with strawberry electronic nose with maturity index 1 immersed in the composition of pesticide 
6. sample with strawberry electronic nose with maturity index 2 immersed in the composition of pesticide 
7. Sample with strawberry electronic nose with maturity index 3 immersed in the composition of pesticide 
8. Processing of all results, statistical analysis and neural network to classify 5 classes 
 

 
Fig. 7: Pesticide Testing 

 
After ending the last recovery period sensors nose is left to rest for a period of one hour a day, 6 samples 

are taken, varying only the rate of fruit maturity and preserving the scheduled times and pesticide concentration. 
Due to the same restrictions expressed a paragraph back delay time in achieving acquire the 30 samples 

necessary to perform processing all the information and have concrete results. 
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D. Data Processing PCA and neural networks: 
 
The first processing is performed is a principal component analysis, this with the aim to determine whether 

there is a separation of the samples obtained necessary then to use a technique of intelligent classification, if 
instead the PCA found that the information is completely mixed would lose train a multilayer perceptron MLP 
network time, it would not be able to find the parameters of the relationship between the inputs would be the 
information from the sensors and the output that our case would be the 5 classes previously defined. Should 
take into account a very clear and is that what is sought is a qualitative analysis to determine only the presence 
or absence of pesticide at any time enter to examine the amount of contaminant present in the fruit. 

It takes only a random sample of the data, this is done then if there is need to train and validate a type 
classifier neural network information is different and not be doing data redundancy, so we can infer that the 
results without whether they are good or bad qualify to be regarded as valid and draw the necessary 
conclusions. The first step in this process is to upload the data to the software, choose a type of reprocessing for 
information that in our case we chose Gmax-Gmin / Gmax, the most common methodology in such cases, but 
not the only, then run the PCA module and load the results, they are in figure 8. 

 

 

Fig. 8: PCA organic strawberry vs strawberry with pesticide 
 
In the lower left of Figure 8 part are the 3 samples that were loaded strawberry alone without any 

contaminant, and in the upper right of the group of the other samples corresponding to the remaining four 
classes is observed, pesticide alone, and strawberry on three levels dipped maturity in the pesticide, this 
information can be inferred that the response of the sensor allows sorting information of the samples, but the 
most important thing if you want to make a qualitative analysis nose is completely able to differentiate organic 
fruit of the contaminated fruit. 

 
The next step is training a neural network MLP classifier for data, but that are different from those used in 

the PCA, the method of training the neural network will be in parts, where he trains with data, and it is validated 
with quite another to test the robustness of the algorithm obtained, defined as a first item five neurons in the 
hidden and 1 neuron layer in the output layer with activation functions tansig in the hidden and purelin layer in 
the layer output, the number of iterations scheduled before returning to run the algorithm without finding a good 
parameter is 100. Once a user-defined order is given start calculating MLP, once completed training results are 
the following: 
 
Table 1: MLP neural network 

Classes Number of samples Number of samples validation Training classification result 
 

A 3 3 A-A-A 
B 3 3 B-B-B 
C 3 3 C-C-C 
D 3 3 D-D-D 
E 3 3 E-E-E 

 
According to the information in this table and the procedure concludes that the electronic nose could 

determine the presence or absence of pesticide, and classified into 5 different types depending on the ripeness of 
the fruit, the pesticide alone and completely organic fruit with these results to the next part of the project where 
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a prototype is built based on the existing B nose is continued, and finally new tests to validate all these results 
but with the new electronic nose run. 
 
4. Results: 

After finishing the assembly and commissioning of the electronic nose second version shown in Figure 9, 
repeat the first test was done with strawberry in order to determine whether or not this nose is able to perform a 
qualitative analysis and express if the fruit is organic or contains pesticide, then classify these elements into two 
classes if the result is desired, presence or not of pesticide. These tests are supported by the Master of foods 
from the University of Pamplona, agricultural fungicide used is the DACONIL 720 SC, illustrated in Figure 49, 
this pesticide is quite strong the sample preparation are performed by qualified personnel, and samples are 
prepared of 3 ppm, 4 ppm and 5 ppm. 

This pesticide is prepared and placed in beakers classifying his concentration, despite being a fairly low 
concentration the toxic level is quite high so you must use protective equipment required to handle the samples. 

 

 
Fig. 9: E-nose 2.0 

 
Process results of this test can be observed in Figures 10, in a first step the sampling factors are located, 

then in a glass container 3 strawberry samples are located, then deposited in the fully airtight container and 
finally you can observe the response of the sensors, which when activated the air flow from the concentration 
chamber to the gas chamber noticeable changes in the voltage of the FIGARO sensors. 

   

 
 

Fig. 10: validation results 
 
Once completes acquisition of all samples scheduled in Table 4 Class 2, the data acquisition module is 

closed, and passed to the processing of information, this is done in the processing module of the E- Nose in this 
regard is made to simple processing, minimum conductance less than the maximum conductance, then the 
statistical analysis of main components for data loading is done and to run this component a new folder where 
bind creates all samples of both class 1 and class 2, then the statistical processing module is executed and it 
gives us a result that can be seen in figure 11. 
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This image shows that the electronic nose as project in the first part of the research is able to qualitatively 
determine the presence or absence of pesticides in fresh food, on top of the graph, enclosed in a blue circle are 
the two samples of strawberry alone without any pollutant, completely organic strawberry, and at the bottom 
surrounded by a circle of red we see all other samples, single pesticides and contaminated strawberries are 
grouped, this result indicates that it is very easy to apply an intelligent method for classification of samples and 
that he is able to determine your class quickly and effectively, on the other side is that the concentration if it is 
widely dispersed and to reach the point of making a quantitative analysis would be an extension of the research, 
which are tested with other sensors or by varying the mode of taking the sample and increasing concentration 
times and data capture. 

 

 
 

Fig. 11: PCA new validation methodology 
 
Similarly trains in the same program a neural analysis parties, where 12 samples train with 6 and confirm 

with six organizing our samples into two classes, the presence of pesticide or organic fruit, the results are 
written in Table 2 and shows us that the information embodied in the principal component analysis is true 
because it gives an error of 0% and a perfect classification of samples tested. 

 
Table 1: Validation Neural Network 

Class Type of sample Neural network result class Error 
 

1 Organic fruit 1 No 
2 3 ppm pesticide 2 No 
2 Strawberry with 4 ppm 2 No 
2 Strawberry with 3 ppm 2 No 
2 Pesticide with 4 ppm  2 No  

 
Conclusions: 

Based on the old system (E-nose) at the University of Pamplona developed in 2009, and which they were 
successfully developed large research design a new prototype was made seeking to overcome the drawbacks 
presented with the previous version and enabling researchers to develop new projects involving different areas 
of knowledge. 

A new analysis methodology was developed to detect the presence of pesticides in different from those 
currently used such as gas chromatography and mass spectrometry, these methods are expensive and are not 
accessible to small farmers, food analysis with An electronic nose is very economical as we take as reference 
the equipment cost no more than US $ 500. 

The results of the last test show that it is entirely possible to continue this line of research, based on a 
qualitative analysis is accomplished successfully determine the presence of pesticide in fruit to take the next 
step in finding a patent in which the nose this electronic able to also sort by concentrations of pesticide, this 
project may be a little longer for the characterization of all the different types of measures, but with the benefits 
of the new electronic nose can achieve good results. 
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