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ABSTRACT 
An electronic nose is a device designed to sense, classify, and recognize a product based on its aroma. The electronic 
nose is generally designed from four main parts, namely: sample handling and delivery system, detector system, signal 
conditioning and preprocessing, and pattern recognition software. The detector section is a series of gas sensors that 
have different levels of gas sensitivity and selectivity. The sensor used in the electronic nose sometimes has low 
sensitivity, resulting in the undetected material being tested. Therefore, the electronic nose requires a selected sensor 
to optimally detect certain scents. The purpose of this study was to analyze the performance of the MOS sensor on an 
electronic nose for synthetic flavor classification. The types of gas sensors used in the electronic nose design are MQ 
2, MQ 3, MQ 4, MQ 5, MQ 6, MQ 7, MQ 8, and MQ 9. The test sample used is liquid synthetic flavors with two 
different aroma variants (jackfruit and pandan). The gas sensor response analysis consists of two stages, namely pre-
treatment data processing and pattern classification based on the principal component analysis method. The results of 
PCA show that the MQ sensor can classify the two samples well. The total variance of PC 1 and PC 2 for the MQ 
sensor-based electronic nose is 96,36%.  
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1. INTRODUCTION 

Consumer acceptance of a food product is generally 
based on appearance, texture, aroma, and taste. Aroma 
is one of the important parameters that determine the 
quality of a food product, such as food and beverage 
that have a fruity aroma. Food or beverage often 
experience a decrease in aroma quality after being 
processed and preserved, thus requiring food additives 
to maintain and strengthen the aroma. Synthetic flavors 
are one option to solve this problem. Synthetic flavors 
are food additives that provide or strengthen the taste 
and aroma of food products. The choice of using this 
flavor is because it is more practical in its application 
and is more economical, and the variants of synthetic 
flavors on the market are very diverse. The use of 
synthetic flavors has received serious attention from the 
industry [1]. The development of various more 
innovative flavors is carried out to meet the needs of 
consumers. Aroma is one of the important aspects for 
the flavor industry to maintain product quality [2]. One 
technology that allows for the analysis of synthetic 
flavor is the electronic nose [3]. 

An electronic nose is a low-cost digital electronic 
device that mimics the human olfactory system [4], [5]. 
In the human olfactory system, the aroma of a natural 
sample is arrested by the receptor and then processed by 
the brain to recognize the aroma obtained, while the 
electronic nose receptor system is replaced by an array 
of gas sensors then the gas sensor response will be 
processed in a signal conditioning system and pattern 
recognition [6]. The electronic nose consists of 3 main 
parts, namely the sample handling system, the detection 
unit, and the pattern recognition unit [7], [8]. The 
detection unit consists of a series of gas sensors with 
partial specifications [9]. The gas sensor circuit has an 
important role in the electronic nose to detect an aroma 
[10]. 

The working principle of the electronic nose is based 
on the identification of volatile organic compounds 
(VOC) produced by the sample in the form of output in 
the form of a voltage difference detected by a series of 
gas sensors [11]. The VOC that composes a material 
consists of 100-900 volatile components; so the gas 
sensor used by the electronic nose circuit must be 
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adjusted to the type of aroma to be detected [3]. 
Selecting a selective sensor can improve the 
performance of the electronic nose in detecting aroma. 

The gas sensor that is often used in the electronic 
nose is a Metal Oxide Semiconductor (MOS) gas sensor 
[12]. This sensor is in great demand because of its 
relatively easy use [13]. The MOS sensor has relatively 
low sensitivity, whereas the new sensor can detect the 
presence of a substance when the substance has a 
concentration of several parts per million (ppm). The 
MOS sensor is composed of n-type semiconductor 
materials such as SnO2, ZnO, Fe2O3, and WO3 [14]. This 
type of sensor produces a response in the form of a 
change in conductivity when interacting with reducing 
gases such as H2, CH4, CO, C2H5, or H2S. The sensor 
operates well at a temperature of 200-500ºC. The most 
widely used semiconductor material as a gas sensor is 
SnO2 which is given a small number of additional 
impurities and catalytic metals. MOS sensors generally 
have relatively poor selectivity; but are responsive to a 
wide variety of gases, such as flammable gases [15]. 
The mechanism for changing the conductivity of the 
MOS sensor when interacting with the reducing gas is 
described in Equations 1 and 2. 

                   (1)    

   (2) 
where e is the free electron from the conduction 

band of the semiconductor material, R(g) is the reducing 
gas, and s represents the 'surface' which indicates the 
location of the reactants and products on the surface of 
the material and g represents the 'gas' which indicates 
the phase of the reactants and products. On the surface 
of the MOS sensor semiconductor material, there is 
physiochemical adsorption of several oxygen atoms 
from the environment to capture free electrons on the 
surface of the material as described in equation 1. This 
process produces a highly resistive barrier layer around 
the surface of the material. The presence of such a 
barrier limits the electron flow and causes a decrease in 
the conductivity of the sensor. When there is exposure 
to a reducing gas, the surface of the semiconductor 
material absorbs the gas molecules and causes an 
oxidation process as described in equation 2. This 
process lowers the resistance of the barrier layer and 
allows electrons to flow more easily, in other words 
increasing the conductivity of the sensor [16]. 

The types of MOS sensors that are often applied to 
the electronic nose are the MQ sensor and the TGS 
sensor. MQ sensors have many types and different 
sensitivities. The characteristics of the MQ sensor can 
change its conductivity along with changes in the 
concentration of the surrounding gas. In general, the 
MQ sensor has two main parts, namely the SnO2 sensor 
which is connected to the H pin, and the heater which is 
connected to the H pin to heat the sensor material. The 

stability of the heater is influenced by the stability of the 
power supply. The TGS sensor or Taguchi Gas Sensor 
is a sensor manufactured by Figaro Engineering Inc. 
TGS consists of two main parts, namely the SnO2 sensor 
and heater. The TGS sensor has a resistance change 
based on the concentration of the gas under study. The 
higher the gas concentration, the lower the resistance 
[17]. The heater on the TSG functions to clean the 
sensor room from outside air contamination. 

Research related to electronic nose applications 
based on MQ sensors and TGS sensors for the 
identification of synthetic flavors is still very limited. In 
2021, [18] used an electronic nose to classify synthetic 
flavors, but very little information has been obtained 
regarding the gas sensor used in the electronic nose 
series, which is the type of gas sensor. Therefore, the 
purpose of this study was to compare the performance 
of the MQ and TGS gas sensors on the electronic nose 
for the classification of synthetic flavors. 

2. METHOD 

2.1. Hardware of Electronic Nose 

The hardware used in this research is an electronic 
nose design based on a series of gas sensors equipped 
with a controlled sample handling system and integrated 
with airflow recovery. The electronic nose device is 
integrated with a recovery system which functions to 
speed up the recovery of the sensor after being used for 
sampling. The recovery system is designed with a 
combination of valves and purge gas supply lines that 
allow it to flow quickly. The developed electronic nose 
includes 4 main parts, namely sample handling and 
delivery system, detector system, signal conditioning 
and preprocessing, and pattern recognition software. 
The electronic nose hardware is shown in Figure 1. 

The sample handling and delivery system consist of 
6 sample chambers that use to place samples. This 
system uses a heater and fan to control the temperature 
of the sample chamber box so that it is stable during the 
data collection process. The delivery system uses 
oxygen as the carrier gas. The detector system consists 
of 8 MOS-type gas sensors, namely MQ 2, MQ 3, MQ 
4, MQ 5, MQ 6, MQ 7, MQ 8, and MQ 9. The gas 
sensor has a sensitivity to certain gases. Table 1 shows 
the gas sensors and their sensitivities used in the 
electronic nose. 

The signal conditioning and preprocessing section 
use an Arduino Mega 2560 microcontroller board with 
an ATMega 2560 microcontroller. The function of the 
microcontroller is as an analog to digital converter 
(ADC) with a resolution of 10 bits. The microcontroller 
functions to control all electronic nose components. 
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Figure 1 Hardware of electronic nose 

Tabel 1 Details of sensor gas 

Sensor Gas sensitivity 

MQ 2 Hydrogen, LPG, Methane, Carbon 
monoxide, Alcohol, Smoke and Propane 

MQ 3 Alcohol, Benzene, Methane, Hexane, LPG 
and Carbon monoxide 

MQ 4 LPG, Methane, Hydrogen and Alcohol 
MQ 5 Hydrogen, LPG, Methane, Carbon 

monoxide and Alcohol 
MQ 6 LPG, Hydrogen, Methane, Carbon 

Monoxide and Alcohol 
MQ 7 Carbon monoxide 
MQ 8 Hydrogen 
MQ 9 Carbon monoxide and flammable gases 

2.2. Sample Preparation  

The synthetic flavor sample was measured as much 
as 5 ml. The sample is put into the prepared sample 
chamber. The sample chamber has been filled with the 
sample and then placed in the electronic nose sample 
chamber box. The form of synthetic flavor used for 
testing is in liquid form so that it evaporates easily, so it 
does not take time to produce headspace. 

2.3. Procedure of Data Collection 

The electronic nose is turned on then the data 
sampling process is carried out 1 time for 8 minutes 
without using a sample to stabilize the gas sensor array. 
During the data collection process, the O2 airflow was 
set to remain stable at 0.4 L/min. Electronic nose 
performance test using a temperature setpoint of 40oC. 
The temperature setpoint is based on a preliminary test, 
which is looking for a temperature with a high gas 
sensor response signal but does not change the gas 
sensor response pattern [19]. 

A sampling of one sample chamber consists of 
flushing, collecting, and purging. Flushing is the result 
of reading the sensor response for 120 seconds without 
any test sample or airflow not passing through the 
sample chamber. Flushing is a reference value for 
sensor readings when exposed to clean air. The 

collecting process is a sensor response that is exposed to 
the aroma of the test sample for 180 seconds. In this 
process, the airflow will pass through the sample 
chamber. The purging process is re-cleaning the sensor 
chamber from exposure to the aroma of the sample for 
180 seconds. The purging process airflow is the same as 
during the flushing process. The time required for the 
sampling process of one sample chamber is 480 
seconds. Each synthetic flavor variant was tested in 30 
replicates. 

2.4. Data Analysis 

The sample test data that has been obtained using a 
set of electronic noses are then processed using a 
computer. The data from the sample test results are in 
the form of ADC value data (bits) for the response of 13 
gas sensors and will be stored in Microsoft Excel. Then 
the ADC value is converted into voltage units using the 
formula in Equation 3. 

 (3) 
 

Data analysis was carried out in 2 stages, namely 
pre-treatment of data processing and pattern recognition. 
Pre-treatment of data processing used is absolute data 
method. The purpose of pre-treatment is to extract the 
most important information from a data set from a 
single sample to reduce computational time and improve 
the analysis accuracy of pattern recognition systems. 
The classification of gas sensor response patterns from 
each synthetic flavoring variant used for analysis is the 
Principal Component Analysis (PCA) method. The PCA 
method used for analysis is the covariance method. The 
data processing uses the MATLAB R2016b application. 

3. RESULTS AND DISCUSSION 

3.1. Response of gas sensor 

The results of the gas sensor responses are shown in 
Figures 2 to 5. The pattern of increase and decrease in 
the response of each gas sensor in each sample has 
different characteristics. The sensor response value to an 
aroma is influenced by several parameters including the 
intensity of the aroma component, and the selectivity 
and sensitivity of the sensor. Based on the picture, the 
gas sensor response begins to increase at 120 seconds, 
then tends to be flat and reaches a relatively stable state 
up to 300 seconds which is called the collecting process. 
The response of the MQ sensor is higher and the voltage 
value varies compared to the response of the TGS 
sensor. The MQ 8 sensor has the highest response value 
characteristic to the aroma of durian, jackfruit, and 
pandan flavors. MQ 8 sensor response reaches more 
than 700 on durian flavor. In the collecting process, the 
TGS sensor almost does not experience an increase in 
the value of the voltage, except for the TGS 2611 which 
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has a response but is not too significant. The average 
TGS sensor voltage value is below 100. 

 
Figure 2 Gas sensor response to jackfruit flavor 

 
Figure 3 Gas sensor response to pandan flavor 

The amount of data obtained from one sampling 
replication is 8 (the gas sensors) multiplied by 480 
(sampling time) which is 3.480 data. Each flavor variant 
was sampled in 30 replicates. The big data will take a 
long time for the analysis process so a method is needed 
that can reduce the dimensions of the data to be easily 
recognized in the analysis of pattern recognition 
algorithms. 

3.2. Pre-treatment Processing Data 

The gas sensor response data that has been collected 
from the sampling process is still in the form of ADC 
(bits) so it needs to be converted into the form of 
voltage (V) using equation 3. The data is then simplified 
by taking the best value or pre-treatment data 
processing. Pre-treatment of data processing used is 
absolute data method. The absolute data method is done 

by taking the average data collecting, which is between 
the 291st second to the 300th second. 

Pre-treatment of data processing was carried out on 
all data with 30 replications for each flavor variant. The 
data that has been pre-treated is then represented in the 
form of a radar graphic that resembles a spider's web. 
The radar graph serves to display data from 13 gas 
sensors and data for 30 replicates. Based on the graph, 
the results of the consistency and difference in the 
response values of each gas sensor will be obtained in 
responding to the aroma of each flavor variant. 

 
Figure 4 Sensor response pattern of jackfruit flavor 

Figure 5 Sensor response pattern of pandan flavor 

Figures 6 to 9 show the gas sensor response pattern 
for each synthetic flavor. Based on the picture, the MQ 
sensor has a different response pattern for each flavor 
variant, but the MQ sensor response has a fairly wide 
response value. Therefore, the MQ sensor was not 
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consistent in responding to the synthetic flavor in each 
iteration, while the TGS sensor had a low response. 

3.3. Result of PCA 

Data that has been pre-treated with data processing 
and is represented using a radar graph is then processed 
using the PCA method. Data analysis using the PCA 
method aims to reduce the dimensions of the correlated 
variables into reduced variables that are not linearly 
correlated or called the principal components [20]. The 
number of input variables in the PCA process is 8 and 5 
which represent the number of MQ and TGS sensors on 
the e-nose. One replication will be represented by one 
point on the PCA analysis score plot graph; so that each 
flavor variance will be represented by 30 points on the 
graph. The grouping of these points is based on the 
similarity of data, while different data will tend to 
spread or move away. 

 
Figure 6 Score plot of PCA  

Figure 8 shows the score plots for PC1 and PC2 
based on the MQ sensor. The first two main components 
can explain the percentage of the variance of 74.75% for 
PC1 and 21.86% for PC2 of the total variance. The 
cumulative total of the first two main components is 
96.36% which can represent a large part of the sensor 
response. Based on the figure, it can be seen that each 
variant is grouped and well separated. The cluster of 
jackfruit flavor is at coordinates PC1 [(-1) – 0] and PC 2 
[(-0,2) – 0,4], while the cluster of pandan flavor is at 
coordinates PC1 [(-0,5) – 0,5] and PC2 [(-0,6) – 0,4]. 
The pandan flavor cluster is more spread out than the 
jackfruit flavor cluster. The cause of the resulting points 
spread out is the intensity of the gas sensor response that 
is not stable at 30 repetitions of data. The unstable gas 
sensor response is caused by the temperature in the 
sample chamber box, the temperature and humidity in 
the sensor room, the intensity of the sample aroma, and 
the unstable rate of the carrier gas. 

 

4. CONCLUSION 

The MOS sensor used for the classification of 
synthetic flavors can respond to aromas well, but these 
sensors cannot be stable for every data collection. The 
results of PCA show that the MQ sensor can classify the 
two samples well. The total variance of PC 1 and PC 2 
for the MQ sensor-based electronic nose is 96,36%. 
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