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Introduction: Today, with the increasing awareness and concern for food quality, there has been a significant
development in the use of fast, easy, and non-destructive methods to assess the quality of foodstuffs. In
particular, the use of olfaction machine and artificial intelligence has gained prominence in this field. Among
the various food items, meat holds a special importance as a primary source of nutrition for humans. The
freshness of meat is considered to be the most crucial qualitative feature, and it plays a vital role in ensuring the
health and well-being of individuals. In this regard, chicken meat has emerged as a popular choice due to its
nutritional value and widespread consumption worldwide. Therefore, it becomes imperative to devise effective
methods for checking the quality and freshness of chicken meat to ensure its suitability for consumption.
Materials and methods: The main objective of the present study is to explore the feasibility of employing an
electronic nose and artificial neural network methods for detecting the freshness of chicken meat during its
storage in a refrigerator at a temperature of 4 °C. The electronic nose, a novel technology in the area of food
quality assessment, utilizes an array of sensors to mimic the olfactory system of humans and detect various
volatile compounds released by the meat. These sensors generate a unique pattern of responses, which can be
analyzed to determine the freshness of the meat. The artificial neural network, on the other hand, is a
computational model inspired by the functioning of the human brain. It has the capability to learn and make
predictions based on the patterns it identifies in the input data. In the neural network system employed in this
study, the input layer consists of 10 neurons, corresponding to the number of sensors in the electronic nose,
while the output layer comprises 3 neurons representing different freshness classes of chicken meat. To
optimize the performance of the network, various classifier networks were designed and evaluated. After careful
examination of different network structures, it was determined that the best structure consisted of a hidden layer
with 6 neurons. Consequently, an optimal network with a general structure of 10-6-3 was created to detect the
freshness of chicken meat during different days of storage.

Results and discussion: To assess the performance of the classifier in evaluating the freshness of chicken meat,
several statistical indices were employed. These included precision, accuracy, sensitivity, specificity, and area
under the curve factors. The obtained values of these indices for the classification using selected characteristics
were found to be 95.77, 94.7, 92.18, 95.95, and 94.1, respectively. These results indicate that the developed
intelligent diagnosis system based on the electronic nose and artificial neural networks is capable of online
classification of chicken meat with high accuracy and reliability. The successful implementation of the proposed
system has significant implications for the food industry. It offers a fast, easy, economical, and non-destructive
method for assessing the freshness of chicken meat. This can help in reducing food waste by ensuring that only
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fresh and safe meat is made available to consumers. Additionally, it can aid in improving the overall quality
control processes in the food supply chain, thereby enhancing consumer satisfaction and trust.

Conclusions: In conclusion, the present study demonstrates the potential of using an electronic nose system
and artificial neural networks for detecting the freshness of chicken meat during storage. The obtained results
highlight the effectiveness of this approach in providing accurate and reliable classification of chicken meat
based on its freshness. This research contributes to the advancement of food quality assessment methods and
offers valuable insights for the food industry. The proposed system can be further refined and implemented on a
larger scale to benefit both producers and consumers in ensuring the quality and safety of chicken meat.

Keywords: Chicken meat, Freshness detection, Classification, Electronic Nose, Artificial neural
networks (ANNS).
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Table 1. Sensors used in the e- nose system and their characteristics

Main applications (diagnostic gas) sensor
LPG, isobutane (methylpropane), propane, methane, alcohol, hydrogen MQ2
Alcohol MQ3
Methane gases, natural gas and liquid natural gas MQ4
Liquid gas, natural gas, coal gas MQ5
LPG, isobutane (methylpropane), propane and natural liquid gas MQ6
Carbon monoxide gas MQ7
Hydrogen gas MQ8
Carbon monoxide gas and combustible gases MQ9
Ozone MQ131
LPG, isobutane (methylpropane) and propane gases MQ214
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Fig 6. The classification accuracy for different number of neurons in the hidden layer
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Fig 7. The best topology of network for estimation and detection of chicken meat freshness
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Table 2. Confusion matrix obtained from the evaluation of ANN classifier for chicken meat detection freshness (train data set)
Predi Actual
redict - -
Fresh Fairly Fresh Spoiled
Fresh 39 0 0
Fairly Fresh 0 20 0
Spoiled 2 2 84
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Table 3. Performance measures of ANN classifier for evaluation of chicken meat detection freshness (train data set)

Class AC (%) PR (%) SE (%) SP (%0) AUC (%)
Fresh 98.64 100 95.12 100 97.56
Fairly Fresh 98.64 100 90.91 100 95.45
Spoiled 97.28 95.46 100 93.65 96.83
Average per class 98.19 98.48 95.34 97.88 96.6

s PCA .Sy 5 TGS slo K> 5l oolawl L (Y-VF)
g, olel p Ere s (Sib asis cds ANN
OhlSes 5 (FL V] wio,s )1 VA (6l
slajg, (b yo g S (S s ¢lp (VA7)
e bty 9 neal o 5l NS Gl
B sl atls aubre gl aidged colaiul cgias
3 G g b g 0 colais] (il (oo
9 AFAL AEA Ao QY ol e o gl udios
» YL olados mbs aSll Y] casl oogs ZAVIAY
S 53 03 Ere 85 (5N alide slajg, ol
Lol cowl (Sib sleail wlol 5 ol Guiss mls oS

el dndib S a5 Lolasel e il (F) Jgor o
aw sly el slaosls 5l ooslainl b eoias ornac sl
2P g oad (LSS fhe clS (SHE Gl S
plod sl oadiarulxe )bl Glaasls polie @) Jsoz
Wl 00 08ls ialed & o CodgS (S3b iz sla WIS
5 030 B o3l SN (slp gonainb cds olie
rized il e AVFD 5 WNEY ABTE i 4y auls
ol 88 (1Sl polie (0) Jsoo 4 a2 L
Areeiy 4 (AUC) s a5 o5 colais]
onl plo ol oo 7AF/Y 5 A0/A0 AYVA AFY AB/VY L
il ailolu ¢ iagh ol 5l saelcawsa wbs bl p
Ero CebsS (S36 Lanid ly Phe b oBg; 2l
5 5 A e p e ol ol Jds a5 wil e
OLes 5 (ygmmess Sl oS (32 plinebl (L8

505 gosls jlesliinl b egims suas gloaSis anail b §e cisS (36 sla S 5l sdnleasoas (slazél L il (F) Jaus
Table 4. Confusion matrix obtained from the evaluation of ANN classifier for chicken meat detection freshness (test data set)

Predict Actual
recic Fresh Fairly Fresh Spoiled
Fresh 17 0 0
Fairly Fresh 1 7 2
Spoiled 0 1 35
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Table 5. Performance measures of ANN classifier for evaluation of chicken meat detection freshness (test data set)

Class AC (%) PR (%) SE (%) SP (%) AUC (%)
Fresh 95.24 89.47 94.44 95.56 95
Fairly Fresh 98.41 100 87.5 100 93.75
Spoiled 93.65 94.6 94.6 92.31 93.45
Average per class 95.77 94.7 92.18 95.95 94.1
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Fig 8. ROC curve for neural network classification performance in chicken meat freshness detection
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