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1- Gas Chromatography-Mass Spectrometry
2- Fast GC
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5- Electronic Nose



YOO gl S il (Sig iUl (S ailols Sy (1)) 9 Axwwgs

Lab View 2012 l38la 5 Lo y ,aisyge ailob o Suig Sl

sosls célyd s il o FAKS ST ey b baodls il

D (g gidaliy A g Gy SRS ien g bSus JiSw 4 bgye
Computer — 777777777777777 “1  Electrovalve 3
or — .
‘ Yg L, I p— 1
‘ .
[ :’ ‘: f Ri '
e e . Electrovalve 2
Data acquisition l DAQ »{—JJ N J
card i
I Electrovalve 1 ‘
L,i,J"‘y,i,i —
© 0006 ‘
= Oxygen gas
0 6.6 6 Pump

Sensor chamber

RS
Sample chamber P B
&

e \\

ety (SS9 ySUl i ailelis 0,9yl ) S

Fig.1. Schematic of proposed electronic nose system
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Table 1- Sensors used in the electronic nose system and their applications
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1- Limonene
2- Citral

3- Neral

4- Zeranol

5- Para-Cymol
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Table 2- Synthetic types of commercial lemon essential oils
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Essential oil type

)b pb
Trade name

A

m O O @

Code 975
Code 1106
Code 1109
Code 1138
Code 812417
Code 812416
Code 1108
Code 1153
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1- Principle Component Analysis
2- Linear Discriminant Analysis
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Fig.2. Sensor array changes relative to commercial lemon essential oil
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Fig.3. Score plot of PCA for eight types of commercial lemon essential oil
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Table 3- LDA confusion matrix for eight types of lemon essential oils
Nt A B c D E F G H
Sample
A 9 0 0 1 0 0 0 0
B 0 9 0 0 0 0 0 0
C 0 0 9 0 0 0 0 0
D 0 0 0 8 0 0 0 0
E 0 0 0 0 9 1 0 0
F 0 0 0 0 0 8 0 0
G 0 0 0 0 0 0 9 0
H 0 0 0 0 0 0 0 9
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Table 4- The values of the statistical indices associated with the confusion matrix for the eight types of lemon essential
oils with the LDA classifier

o5 e ;b g solaisl Cowlns Coue Siwaib Cdy
Class AUC Specificity Sensitivity Precision Accuracy
A 99.2 98.41 100 90 98.61
B 100 100 100 100 100
C 100 100 100 100 100
D 94.44 100 88.88 100 98.61
E 99.2 98.41 100 90 98.61
F 94.44 100 88.88 100 98.61
G 100 100 100 100 100
H 100 100 100 100 100
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Fig.5. LDA plot for different lemon essential oils
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Table 5- ANN confusion matrix for classification of lemon essential oils
It B c D E F G H
Sample
A 9 0 0 0 0 0 0 0
B 0 8 0 0 0 0 0 0
C 0 0 8 0 0 0 0 0
D 0 1 1 6 0 0 1 0
E 0 0 0 0 8 1 0 0
F 0 0 0 0 1 8 0 0
G 0 0 0 3 0 0 8 0
H 0 0 0 0 0] 0 0 9
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Table 6- The values of the statistical indices associated with the confusion matrix for the eight types of lemon essential
oils with the ANN classifier

oS B ;s g solaisl Comlna Cono Swaib Cdy
Class AUC Specificity Sensitivity Precision Accuracy

A 100 100 100 100 100

B 94.44 100 88.88 100 98.61

Cc 94.44 100 88.88 100 98.61

D 80.94 95.23 66.66 66.66 91.66
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G 92.05 95.23 88.88 72.72 94.44

H 100 100 100 100 100

godd sl bl sandib (gl oine mac 4D 5,Sles =Y Jg-\é
Table 7- Performance of artificial neural network for the classification of lemon essential oils
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Introduction
Essences or essential oils are aromatic compounds that are found in different organs of the plants. Essences
can be classified into three groups of natural, synthetic and natural like. Most of the methods that are used to
detect and to distinguish essential oils are based on chromatographic methods. However, these analytical
methods are time consuming and require expert operators to work with required devices. Moreover, it is
necessary to prepare the samples. An electronic nose is known as a tool for mimicking the sense of smell. This
tool usually consists of an array of sensors which are used to identify and to isolate a variety of complex odors at
a low cost. Since there has been no research on the usage of an electronic nose system for detection and
separation of essential oils, the purpose of this study is to develop and to evaluate an electronic nose system for
identification and classification of various types of commercial lemon essential oils (synthetic types).

Materials and Methods

The proposed system consists of a sensor chamber, a sample chamber, an array of MOS sensors, electro
valves, a pump, a data acquisition cart and, a processor. Essential oils used in this study includes eight types of
synthetic commercial lemon essential oils that were prepared by ((Avishan Khane Tabiat Sabz)) Company
located in chemistry and chemical engineering research center of Iran. One gram sample of each essential oil
was prepared to be placed in the sample chamber. Each experiment was carried out in 9 replicates and in three
stages of 1- Baseline correction (250 s) 2- Sample smell injection (400 s) and 3- Sensors chamber cleaning (200
s). Data received from the sensors signals were initially preprocessed and normalized and then three methods of
principal component analyses (PCA), linear discriminant analyses (LDA) and artificial neural network (ANN)
were used to process the data. Both PCA and LDA methods were run using the Unscramble x10.4 software and
the artificial neural network was used with the help of NeuroSolution 5 software. In ANN, the classification was
carried out using a multilayer perceptron (MLP) and Leave-one-out technique. Leave-one-out is an acceptable
method for evaluating the performance of the classification algorithms when the number of samples is low.

Results and Discussion

In order to analyze the data obtained from the sensor array, first, the principal components analysis (PCA)
method was used. In this method, the first two principal components of PC 1 and PC 2 totally covered 99% of
the data variance. Another plot called as loading plot was used to determine the effects of each sensor responses
in pattern recognition analyzes. According to this plot, all sensors had high loading coefficients. In case of
distinguishing the lemon essential oils, the results of the linear discriminant analysis (LDA) method showed that
this method can distinguish eight types of lemon essential oils with an accuracy of %98. The artificial neural
network (ANN) also separated the essential oils with the accuracy of the above %91.

Conclusions
An Electronic nose system based on semiconductor metal oxide sensors is a powerful tool that can be used as
a substitute for traditional methods. In general, this study showed that the electronic nose system based on MOS
sensors has the ability to detect and to distinguish commercial lemon essential oils. Considering the wide ranges
and economical nature of the essential oils, it is suggested that applications of the electronic nose can be more
expanded in the subject of the essential oils of different products.
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