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Abstract

Introduction: As the most important source of calories and protein, bread has a special role and importance
in nutrition of the country, and its cheapness has caused it to replace other food items in the diet in recent
years. The increase in bread consumption in low-income and vulnerable groups has been more intense due to
the low volume supply of the other food products and the excessive and continuous increase in the price of
other alternative products. Flat bread has the highest consumption statistics among other breads in Iran. One
of their types is Barbari bread, which is the second most consumed bread after Lavash bread in Iran.
Therefore, the health and quality of consumed Barbari bread is of the particular importance. For this purpose,
this study was conducted with aim of investigating the effect of storage time on the smell characteristic of
Barbari bread using the olfactory machine system based on eight metal oxide semiconductor (MOS) sensors.
Materials and Methods: An olfactory machine system based on eight MOS sensors was used in order to
investigate the effect of bread storage time on its odor characteristics. Designed system includes data
acquisition unit, MOS sensors, shield of sensors, sample container, power supply, connections, electrical
valves, air pump and air filter. The sensor array was consisted of eight MOS sensors that each one reacted to
specific volatile compounds. These sensors are widely used in olfactory machines because of their high
chemical stability, high durability, low response to moisture and affordable prices. These are the most
commonly used sensors in electronic nose systems. Sensors are the main components of an electronic nose
system, therefore it is necessary to select the capable sensors to detect differences among samples. In order to
carry out the test, the sample was placed in sample container and in the baseline correction step (150
seconds), clean air was passed through the sensors to transmit the response of sensor array to steady state.
Also, at this step the pump removed the odor remaining inside the sample container and system is prepared
for the next test. At the injection step (180 seconds), the sample headspace was transmitted and passed
through sensors chamber. Output voltage of each sensor depends on the type of sensor and its sensitivity. The
signals obtained from the sensors were recorded and then pre-processed.

Results and Discussion: The olfactory machine system was investigated with the principal component
analysis (PCA) pattern recognition method due to the storage time of Barbari bread at four different
temperatures. The data obtained from the signals processing with fractional method were used as input of
PCA. The results of PCA with two components PC1 and PC2 were 95, 90, 86 and 85%, respectively, for
Barbari bread that was stored at room temperature in the table, room temperature in the foil, refrigerator
(4°C), and freezer (-18 °C). The results were obtained from the QDA analysis to determine the quality of
Barbari bread at refrigerator (4°C) for 9 days, at room temperature (in the foil and the table) for 5 days and at
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the freezer (-18°C) for 15 days of storage with classification accuracy of 98.52, 96, 100 and 97.35%
respectively. The results of LDA analysis for the signals obtained from the olfactory machine, in the
classification of the duration of storage of Barbari bread at refrigerator, room temperature (in the table), room
temperature (in foil) and the freezer, respectively, were obtained with classification accuracy of 79.26 and
85.33, 78.67 and 75.22%. Also, according to the output obtained from the loading linear graphs and the radar
graph, the smell of Barbari bread has the most and the least effect on the MQ9 sensor and the TGS813
sensor, respectively.

Conclusion: An olfactory machine system based on eight metal oxide semiconductor (MOS) sensors was
investigated for the Barbari bread time retention effect at four different temperatures. The results of principal
component analysis with two components PC1 and PC2, for Barbari bread at room temperature (the table),
refrigerator temperature, room temperature (in foil) showed that they were exposed to freezing temperatures.
The results obtained from QDA analysis to detect the quality of Barbari bread at 4°C in room temperature (in
the foil and the table) and refrigerator freezer temperature respectively. The results of LDA analysis were
obtained for the classification of Barbari bread at refrigerator temperature, room temperature (in the table),
room temperature (in foil) and the freezer temperature. Also, according to the output obtained from the
loading linear graphs and the radar graph, the smell of Barbari bread has the most and the least effect on the
MQ?9 sensor and the TGS813 sensor, respectively.

Key words: Barbari bread, olfactory machine, sensor, classification, odor, temperature
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Table (1) Sensors used in the electronic nose system and their specifications

ol slas 8 (PPM) Lasets sloos gioms S i 5
Main applications Typical detection ranges (ppm) Sensor type
S 10-300 MQ3
Alcohol
2S4S e 58 Co 10-1000, Cg 100-10000 MQ-9
Ol e b a3 ¢
CNG and CO gas
KRRV PG S W AT 10-10000 MQ135
Steam of ammonia, benzene,
sulfide
55 s ST (63 1-200 MQ-136
Sulfur dioxide (SO2)
OB 5 e0b g Ol 500-10000 TGS813
CHy,, C3Hg, C4Hyq
ST sbdd e 50-5000 TGS822
Steam of organic solvents
S5 ST 05 el s TGS2602
Hydrogen sulfide, ammonia,
toluene
ST sladde e S 50-5000 TGS2620

Alcohol, Steam of organic
solvents
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Figure (1) The fabricated E-nose system (a) and 3D schematic of the system (b)

1-Computer, 2- Data acquisition unit, 3- Pump, 4- Electrical valves, 5- Sensors and their chamber,

6-Air filter, 7- Power supply 8- Sample chamber
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Figure (2) Radar graph response of the sensors for Barbari bread at different temperatures
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Table (2) Explained variance between the two main components for the storage duration of

Barbari bread at four different temperatures

kol slaadd 30 opp sl 0L -361 sbes Jlese sles oyt —3L1 las
The principal Freezer Room Refrigerator Room
components temperature temperature - foil temperature temperature -table
PC1 73 69 80 91
PC2 12 17 10 4
Sum 85 86 90 95
Correlation Loadings (X)
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0/6 |
0/4 ]
F 02
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Figure (3) Loading graph of analysis (PCA) for storage of Barbari bread at four different
temperatures
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Figure (4) Linear loading analysis (PCA) graph for storage of Barbari bread at four different temperatures
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Figure (5) Classification of storage duration data in 9 days at refrigerator temperature by LDA
method

(Ul Sbod 55 (8510eS 3951 81 2) LDA ($595 4 (S 3¢ O Sindiub & b3 o (Sl (g ke (1) J 9o
Table (3) Confusion matrix related to the classification of Barbari bread by LDA method (9 days
storage at refrigerator temperature)

R1 R2 R3 R4 R5 R6 R7 R8 R9
R1 10 0 0 0 0 0 1 1 0
R2 0 13 0 0 0 0 0 0 0
R3 2 2 13 0 0 0 0 1 0
R4 2 0 0 14 0 0 0 0 0
R5 1 0 0 0 14 1 0 0 2
R6 0 0 1 0 0 10 1 3 0
R7 0 0 1 0 1 2 13 0 1
R8 0 0 0 1 0 2 0 10 0
R9 0 0 0 0 0 0 0 0 12
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Table (4) Confusion matrix related to the classification of Barbari bread by LDA method (5 days

storage at room temperature inside the foil)

R1 R2 R3 R4 R5
R1 15 0 0
R2 0 15 0 0 0
R3 0 15 0
R4 0 13 1
R5 0 0 14
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Table (5) Confusion matrix related to the classification of Barbari bread storage duration in 5
days at room temperature inside the table by LDA method

R1 R2 R3 R4 R5
R1 10 1 0 0 0
R2 1 13 1 0 0
R3 3 1 14 0 0
R4 1 0 0 12 0
R5 0 0 0 2 15
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Table (6) Confusion matrix related to the classification of Barbari bread by the LDA method (15
days storage in the freezer temperature)
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Table (7) Confusion matrix related to the classification of Barbari bread by QDA method (9 days
storage at refrigerator temperature)

R1 R2 R3 R4 RS R6 R7 R8 R9
R1 15 0 0 0 0 0 0 0 0
R2 0 15 0 0 0 0 0 0 0
R3 0 0 15 0 0 0 0 1 0
R4 0 0 0 15 0 0 0 0 0
R5 0 0 0 0 15 0 0 0 0
R6 0 0 0 0 0 15 0 1 0
R7 0 0 0 0 0 0 15 0 0
R8 0 0 0 0 0 0 0 13 0
R9 0 0 0 0 0 0 0 0 15
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Figure (10) Classification of storage time data in 5 days at room temperature inside foil by QDA method
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Table (8) The Confusion matrix related to the classification of Barbari bread by the QDA method (5 days
storage at room temperature inside the foil)

R1 R2 R3 R4 R5
R1 10 0 0 0 1
R2 2 15 0 0 0
R3 1 0 11 3 0
R4 1 0 4 11 1
R5 0 0 0 1 13
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Figure (11) Classification of storage time data in 5 days at room temperature inside the table by
QDA method
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Table (9) Confusion matrix related to the classification of Barbari bread by QDA method (5 days
storage at room temperature inside the table)

R1 R2 R3 R4 R5
R1 15 0 0 0 0
R2 0 15 0 0 0
R3 0 0 15 0 0
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method
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