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Fig.1. The 3-dimensional draw (a) and the designed e-nose system (b):
1- Computer, 2- Data acquisition card, 3- Pump, 4- Electro valves, 5- Sensors and Sensor chamber, 6- Air filter,
7- Power supply, 8- Sample chamber
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Table 1- Sensors used in electronic nose system and view them
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Main applications Typical detection ranges (ppm) Sensor type
s 10-300 MQ3
Alcohol
iy Gl SRS (S 481 gige S Co 10-1000, Cg 100-10000 MQ-9
CO and combustible gas
54 ey Sligal by 10-10000 MQ135
Steam ammonia, benzene, sulfide
238 151 03 1-200 MQ-136
Sulfur dioxide (SO,)
g sl e 500-10000 TGS813
CH,, C3Hg, C4H1o
S sl b 50-5000 TGS822
Steam organic solvents
O Sligel (g g 1-30 TGS2602
Hydrogen sulfide, ammonia, toluene
e P )l (S 50-5000 TGS2620

Alcohol, Steam organic solvents
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Fig.2. Electronic nose system Response to Samples (a)

Cow ghee, (b) Vegetable oils and (c) Fat oil
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Table 2- Confusion matrix obtained to identify cow ghee from vegetable oil

w9 1 2 3 4 5 6 7
Sample
1 15 0 0 0 0 0 0
2 0 13 0 0 0 0
3 0 2 15 0 0 0 0
4 0 0 0 13 1 0 0
5 0 0 0 2 14 0 0
6 0 0 0 0 0 15 0
7 0 0 0 0 0 0 15
Gno (SHpeilo <5 95.24 %

Correct classification rate
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Table 3- Confusion matrix obtained to identify cow ghee from animal fat

Wyl 1 2 3

4 5 6 7
Sample
1 14 1 0 0 0 0 0
2 1 14 0 0 0 0
3 0 0 15 0 0 0 0
4 0 0 0 14 0 0 0
5 0 0 0 1 15 0 0
6 0 0 0 0 0 15 0
7 0 0 0 0 0 0 15
e il o 97.15

Correct classification rate
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Introduction

One the most important discussions of the world community is the importance and the role of edible oils in

the nutrition and physical health of individuals, especially in the prevention of cardiovascular disease. One of
these oils, used in cooking, is cow ghee. Cow ghee should be free of vegetable oil, animal fat, mineral oils,
flavored additives and any other external ingredients. It is hard to find a technique that can easily and reliably
measure the quality of the oil. So far, no special machine or system has been designed or built to distinguish the
pure cow ghee from the adulterated ones. Electronic nose is a new method that has recently been considered by
researchers in agriculture especially in the field of food quality. Because of high ability of e-nose system, in this
research, this system was used for the detection of pure cow gee from the adulterants ones.

Materials and Methods

An olfactory machine system based on eight MOS sensors was designed to detect pure cow ghee from the
adulterated with various proportions of vegetable oil and animal fat. Designed system includes data acquisition
system, sensors, sensors chamber, sample box, power supply, connections, electric valves, air pump and air
filter. The sensor array was consisted of the 8 MOS sensors that each of them react 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 system. To prepare samples with different percentages of adulteration, animal body fat and
refined vegetable oils were added to pure cow ghee. In order to carry out the experiments, the sample was placed
in sample box and in the baseline correction step (200 seconds), clean air was passed through the sensors to
transmit the response of sensor array to steady state. 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. At the cleaning step (120 seconds) the clean air was passed through sensors to get the
sensor array responsive to a stable state. Also, at this step the pump removed the odor remaining inside the
sample container and system was prepared for the next test. The signals obtained from the sensors were recorded
and then pre-processed.

Results and Discussion

PCA and QDA analysis were used for detection the differences between pure cow ghee and adulterated ones.
The data obtained from the signals processing with fractional method were used as input of PCA. The PCA
results showed that the total variance between pure cow ghee and mixture of cow ghee with animal's fat was
97%. Also score plot of cow’s ghee and its mixture with vegetable oil showed the total variance of 96% between
different samples. Sensors are the main components of an electronic nose system therefore it is necessary to
select the best sensors to detect differences between samples. The loading plot was obtained to show the role of
sensors in e-nose system and demonstrates that the selected sensors have a high degree of complementarity.
Based on confusion matrix obtained from QDA analysis, pure samples were detected from vegetable oil and
animal fat samples with correct classification rate of 95.24 and 97.15, respectively.

Conclusions

An eight-sensory olfactory machine system (MOS) was designed to detect pure cow ghee from the presence
of vegetable oil and animal fat oil. In PCA analysis, the variance between samples was 97% and 98%,
respectively. According to the results the radar graph of PCA analysis, it can be concluded that the sensors No 2
(TGS822), 3(MQ136), 4(MQ9) and 8(TGS2620) have the highest and sensor 6 (MQ135) has the lowest ability
in classification. The MQ135 sensor reacts to the detection of ammonia, benzene, and sulfide. In other words
these gases did not play important role in separating of cow ghee from other mixed oils.
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