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5- Liquid Chromatography Mass Spectrometry
6- Gas Chromatography Mass Spectrometry
7- High Performance Liquid Chromatography
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Fig. 1. Schematic of a machine olfaction system: 1- PC 2-Data acquisition system 3- Sensors array
4- Solenoid valves 5- Samples chamber 6- Pump 7- Oxygen capsule
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Table 1- Sensors used in electronic nose, main applications and detection ranges

EXVLIVIC R gL (PPM) Landuis akls prowes
Detectable gases Detection ranges (ppm) Sensor
s MQ3
Alcohol gas 10-300

b il g > 2 J MQ5
LPG and natural gases 300-10000

2l Gl —aSlsige (S MQ9
CO and combustible gas 10-1000 CO,100-10000 Combustible gas

Sy (9,0 MQ136
H2s 1-200

vaial cdS R MQ131
05)5‘ )K S| [S3F5 e 10-1000ppb Q
NO, Cl, Ozon

O3t e guo ‘Jl,;’a] 10-10000 MQ135

Ammonia, Sulfide, Benzen
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Fig. 2. Sensor circuitry (Right), Configuration of the bases of a sensor in the circuit (Left)
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Fig. 3. Sensory response to sample odor
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Table 2- The methods of pre-processing of data (Arshak et al., 2004)
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Mathematical formula

0995
Method

Ys()=Xs(t)-%s(0)

ys()= x(B)(x(0))™*

Ys()= (xs(t) - X(0)(x(0)) "
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P
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S

Fractional

Olsieas pid by & Cosl (gundib (bo) gl (s S
Uisy o=l o (Fisher 1936) ss 8ym0 0 pated > Juloo
2 ol o b WS S w bgyge slrodh &S sl pl G
ol calises gla WS laodh 5 o5 v 4y odddlonl (glad
g Sl Laooly (oS oy (SaSTy Ko ojleds il je0
(Tudu et al., 2008) 345 3l la WIS 9,5 SuiSTy
s &S b Sy imgiy ool jd ady HlSa ANN o,

Ot 4Y 5 mays Y 39y 4Y Jols Y dw | MLP

7 . : . .
GO9S diile (293 45 Glay ¥ )3 woly a
é-’l—’ 6L>4_) ol odliwl c)l_) as st u_)l lJ J.;Su.a Jo.c
wisy Byo (6395 Y (slatoly il P10 b S clulia
ad cplplo wiboagep ) cam 4Y & (63955 polie m 5o
(Haykin, 1999) w3 o plol |y (slamln

6- Hidden layer
7- Perceptron
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1- Principal Component Analysis
2- Linear Discriminant Analysis
3- Artificial Neural Network

4- Unsupervised

5- Supervised
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Table 3- Classification confusion matrix of LDA

Wiged 0%  20% 35% 50%
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0% 8 0 0 0
20% 0 8 0 0
35% 0 0 8 0
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Correct separation rate
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Introduction

Honey is a supersaturated sugar and viscose solution taken from the nectar of flowers, collected and modified
by honeybees. Many producers of honey add some variety of sugars in honey that make difficulties with
detection of adulterated and pure honey. Flavor is one of the most important parameters in the classification of
honey samples and the smell emitted by the honey depending on the different flowers and constituents that could

be different. This causes using an electronic nose system to detect honey adulteration.

Materials and Methods

Honey samples used in this study were lotus honey that was supplied from a market in Karaj city, Alborz
province, Iran. Adulterated honey, along with percentages of fraud (by weight) of zero, 20, 35 and 50 percent,
was prepared by mixing sugar syrup. Each group of samples, nine times were tested by the electronic nose
system. The proposed system, consists of six metal oxide semiconductor sensors, sensor chamber, sample
chamber, data acquisition systems, power supply, electric valves, and pumps. Electronic nose is planned for
three-phase system baseline correction, the smell of sample injection and cleaning of the sensor and sample
chambers with clean air (Oxygen). Responses of the sensors were collected and stored in 420 seconds by a data
acquisition system and LabView ver 2012 software. We used fractional method in this study, in order to improve
the quality of the information available and to optimize the array output before passing it on to the pattern
recognition system. Linear Discriminant Analysis (LDA), Principal Component Analysis (PCA) and Atrtificial
neural network (ANN) were the methods used for analyzing and recognizing pattern of electronic nose signals.
Data processing was carried out using Microsoft Excel, neuralsolution 5 and Unscrambler X 10.3 (CAMO AS,
Norway).

Results and Discussion
PCA Results

PCA reduces the complexity of the data-set and is performed with no information on the classification of
samples. It is based on the variance of the data-set. For PCA analysis, overall PC1 and PC2 explained 91% of the
total variance among Lotus honey samples and the adulterations (PC1=80% and PC2=11%). The results indicate
that it is clearly possible to recognize Lotus honey with adulterant using electronic nose systems.

LDA Results

The LDA method for the detection of adulterated honey samples using leave-one-out validation was
estimated. The method is most widely used as a method of classification that maximizes variance between the
clusters and minimizes variance of within classes. By applying LDA on the collected data, 100% accurate
classification for detecting of honey and their adulterations was obtained. It can also be concluded that this
method could recognize adulterated honey samples properly.

ANN Results
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The back propagation multilayer perceptron algorithm was used to classify and to detect honey and
adulterated types. Performance evaluations of each designed networks were compared by mean square error
(MSE) and correlation coefficient (r). The data were divided to three subsets: 60% was used for training, 20% for
testing and the remaining 20% were kept for cross validation.After network training and validation using
optimized ANN model, i.e. 6-8-4 structure, success rate for 4 outputs (0, 20, 35 and 50% adulterated levels)were
found to be 100%.After detecting adulteration, e-nose system accompanied with ANN can accurately classify
honey from honey mixtures with fraud materials.

Conclusions

An electronic nose based on six metal oxide semiconductor sensors was used to detect adulterated honey
samples. Electronic nose system can successfully classify between original honey and the adulterated one by
pattern recognition method. The PCA, LDA and ANN techniques and analyzes of the electronic nose were very
useful for evaluating the quality of the lotus honey. The results of these methods were used to classify the fraud
in Lotus honey. However, there is a need to do more researches on the detection of adulteration in other
agricultural and food products by electronic nose system.
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