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 This study evaluates an e-nose based on gas sensors to measure the freshness 

of tilapia. The device consists of a series of semiconductor sensors as detector, 

a combination of valve-vial-oxygen as sample delivery system, a microcontroller 

as interface and controller, and a computer for data recording and processing. 

The e-nose was firstly used to classify the fresh and non-fresh tilapia. A total 

of 48 samples of fresh tilapia and 50 samples of non-fresh tilapia were 

prepared and measured using the e-nose through three stages, namely: 

flushing, collecting, and purging. The sensor responses were processed into 

aroma patterns, then classified by two pattern classification softwares of 

principal component analysis (PCA) and neural network (NN). There were 

four methods for aroma patterns formation being evaluated: absolute data, 

normalized absolute data, relative data, normalized relative data. The results 

showed that the normalized absolute data method provides the best 

classification with the accuracy level of 93.88%. With this method, the trained 

NN was used to predict the freshness of 15 tilapia samples collected from a 

traditional market. The result showed that 60.0% of the samples are classified 

into fresh category, 33.3% are in the non-fresh category, and 6.7% are not 

included in both categories. 
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1. INTRODUCTION  

Fresh fish is one of the food products that is easily damaged (rotten) if the product is not treated 

properly. Generally, after the fish are caught or harvested, a series of quality degradation processes in the 

form of reactions that reshuffle its compounds will occur. Fish products have a high fluid content and 

excellent nutrition for the growth of destructive bacteria [1]. These bacteria will accelerate the decay of fish 

products. In general, there are three processes that cause the decrease of fish products quality, namely 

autolysis, bacteriological, and chemical processes. There are several treatments that need to be conducted in 

order to slow down the progress of these processes, so the freshness level of fish products can be maintained 

in a good condition for a longer time. 

Storage technology for fresh fish today may have been developed. However, fish traders in 

traditional markets are generally not familiar with and never apply this technology due to cost considerations. 

The common technology of storage at low temperatures may reduce the product spoilage rate. However, this 
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treatment requires additional equipment such as a refrigerator or ice blocks. This treatment certainly has an 

impact on the products marketing costs. This kind of treatment is rarely carried out by fish traders, especially 

those who trade in traditional markets. As a product that is easily damaged, this condition makes fresh fish 

products sold in traditional markets have a high potential for spoilage. Thus, freshness assessment for the fish 

product sold at traditional is needed. One of the fresh fish commodities is tilapia.  

Tilapia is a type of freshwater fish that is widely cultivated and has high economic potential. The 

demand and supply of tilapia on the international market has shown a significant increase since 2015 [2]. 

Besides it is delicious, rich in nutrients such as protein, vitamins, minerals needed by the human body, tilapia 

is also easy to cultivate, that makes its production cost relatively low, drives it to have a great demand by 

consumers, and is widely traded in traditional markets, including in the region of Yogyakarta. However, the 

quality of tilapia declines very quickly after being harvested if not handled properly. Naturally, tilapia will 

experience quality degradation after 8-10 h from being harvested which is marked by the formation of an 

unpleasant aroma released by the fish [3]. The freshness of tilapia can be maintained maximum 12 h at 

ambient temperature after being harvested and up to 15 days through low temperature treatment [4]. Based 

on the number of tilapias that are traded after being slaughtered at the traditional market, a research of the 

commodities freshness level needs to be done.  

Research of the fish freshness level has been carried out by many researchers. Generally, the study of 

fish freshness is carried out with several quality parameters such as sensory, chemical, physical, and 

microbiological [5]. The human olfactory system is one of the natural tools that can be used to assess the quality 

of fish products, however, this assessment often produces biased results, and the human olfactory system does 

not have the ability to detect toxic gases [6]. Research shows that parameter of pH has a relationship to the level 

of tilapia freshness [7]. Recently, research of fish freshness has focused on developing quality measuring 

devices that are fast, portable, and inexpensive. There are many types of alternative devices that were created to 

replace natural assessment tools such as image processing devices [2] and electronic nose [8]. Electronic nose 

(e-nose) is one of the devices developed to identify the scent of the sample. 

Since aroma still becomes the main parameter in food products quality control, the use of aroma 

meters such as an e-nose will increase in the future, including in the determination of fish products quality. 

Currently e-nose is widely used in various fields such as quality control of food products [9-10], assessment 

and classification of meat freshness [11]-[13], determination of fish freshness [8], classification of fruits [14], 

characterization of tea aroma [15]-[16], identification and classification of coffee aroma [17]-[25], 

identification of environmental quality [26], and medical purposes such as identification of respiratory 

disease [27]. E-nose produces a specific response when a sample of aroma compound is exposed on the 

sensor array headspace. These responses are then converted into a specific pattern that can be recognized by 

pattern recognition methods such as principal component analysis (PCA) [17], [20], [28], common dimension 

analysis (ComDim) [24], linear discriminant analysis (LDA) [24] and multiple discriminant analysis (MDA) 

[29] or other pattern recognition methods. 

The aroma of fish products is one of the quality parameters that has the potency to be used to 

determine the level of freshness. According to [5], study about e-nose as an assessment device for fish 

freshness has been carried out, but the research is only limited for sardine products. The result shows that the 

e-nose has some advantages for the fish product, such as fast assessing process and accurate results. 

 

 

2. METHOD 

2.1.  Material 
This study evaluates the application of an e-nose in determining the freshness level of tilapia traded in 

traditional markets in Yogyakarta. The study started with the classification of fresh and non-fresh tilapia by 

using the e-nose. There were three categories of samples used: a) fresh tilapia; b) non-fresh tilapia; and c) 

tilapia randomly obtained from fish traders. Samples A and B were prepared by buying live tilapia on the 

market, brought it to the laboratory and then slaughtered. Experiment with samples A was carried out within 

a maximum duration of 1 hour after being slaughtered, while for samples B was carried out after being stored 

for 10-24 h at laboratory without treatment (according to [8]). Samples C were prepared by buying 

slaughtered tilapia from fish traders in traditional markets. In addition, this study also used ammonia test kits 

to assess the freshness of tilapia. Samples A consisted of 48 samples, samples B consisted of 50 samples, and 

samples C consisted of 15 samples. Each sample assessment by using e-nose was carried out by using 7 g of 

tilapia sample piece. 

 

2.2.  Design of electronic nose 

E-nose used in this study consisted of four main parts, namely an odor handling and delivery 

system, a detector, a signal conditioning system, and a data acquisition device [20]. The odor handling and 

delivery system consisted of two valves to regulate the circulation of aroma samples and carrier gas 
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(oxygen). The detector consisted of 12 semiconductor gas sensors that are connected to the resistor in series 

based on the voltage divider principle. The microcontroller was used for controlling the entire e-nose 

components and also used to convert the analog signal from the sensor into a digital signal (as analog digital 

converter, ADC). Beside the interface to control the entire system during the sample handling process, the 

data acquisition device was also functioned to collect, display, and store all data. Besides, the e-nose was also 

equipped with a temperature-humidity sensor and a flow meter. The e-nose design is presented in Figure 1. 
 

 

 
 

Figure 1. The design of the e-nose 

 

 

2.3.  Experimental procedure 

2.3.1. Sample preparation 

Each category of samples was prepared to be pieces of fish with a uniform weight of 7 g. Each 

sample was prepared by being put in a cup inside the sample chamber, then allowed to stand for 3 minutes 

inside while the sample chamber closed tightly. After that, data collection could be started. 

 

2.3.2. Electronic nose preparation 

Before being used for collecting sample data, it must be ensured that all components of the e-nose 

were available and could be operated properly. Flow rate of the carrier gas was set to be constant at 1 

mL/min. The e-nose was connected to a personal computer (PC) or a laptop as a data acquisition device, then 

turned it on. The e-nose was preheated by selected cleaning mode on the prepared graphical user Interface 

(GUI) of the data acquisition program that is installed in the connected PC or laptop. During one cycle of 

cleaning process (5 minutes), trying the e-nose was conducted by operating it without a sample. During the 

trial, the sensor's response was recorded and displayed. Stable sensors' response indicated that the e-nose was 

ready to be used for measurement. 

 

2.3.3. Data collection 

Data collection was carried out after samples and e-nose preparation. Data collection was started by 

pressing the start button on the data acquisition programs. Data collection was carried out through 3 stages, 

namely flushing, collecting, and purging. Each stage took two, three, and two minutes, respectively. Thus, the 

measurement with the e-nose needed a total time of 10 minutes per sample (3 minutes of sample preparation 

and 7 minutes of data collection). The response data of the sensor array along with the humidity and 

temperature data of each sample was recorded and stored in a connected PC or laptop for further processing. 

 

2.3.4. Data analysis 

Data analysis was started with the formation of sample aroma patterns from the collected sensor 

response data. The aroma pattern of the sample was formed from the response of the gas sensor series of each 

analyzed sample. In forming the aroma pattern, this study evaluated four methods, namely 1) absolute data; 

2) normalized absolute data; 3) relative data; 4) normalized relative data. Each pattern formation method is 

shown in (1)-(4): 
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𝐴𝑖 =
∑ 𝑥𝑖,𝑡

300
𝑡=291

10
 (1) 

 

𝐵𝑖 =
𝐴𝑖

max 𝐴𝑖 
 (2) 

 

𝐶𝑖 =
∑ 𝑥𝑖,𝑡

300
𝑡=291 −∑ 𝑥𝑖,𝑡

120
𝑡=111

10
 (3) 

 

𝐷𝑖 =
𝐶𝑖

max 𝐶𝑖
 (4) 

 

Where A, B, C, and D are aroma patterns formed by the method of absolute data, normalized absolute data, 

relative data, and normalized absolute data; 𝑥𝑖,𝑡 is the response of the ith sensor as a function of time t (s); i is 

the sensor index. An illustration of the pattern formation method is presented in Figure 2. The patterns are 

then depicted on a radar graph to visualize the differences between the aroma patterns formed. 

 

 

 
 

Figure 2. Illustration of the formation method of aroma pattern 

 

 

Each formed sample's aroma patterns were then analyzed in order to get its distribution. This 

analysis was held by using PCA and neural network (NN) analysis. PCA was used to represent pattern 

separation linearly, while the NN analysis was applied to represent the non-linear one. The result of PCA was 

the distribution of aroma patterns that can be analyzed visually and makes data interpretation easier. 

Meanwhile, analysis with the NN will facilitate its implementation. PCA is an effective unsupervised 

multivariate analysis that can be applied to transform data with high-dimension (many variables) into low-

dimensional spaces without losing data characteristics. PCA commonly be used in various analyses, such as 

for data analysis on an e-nose device [29] and also be used in the same research on image processing [30]. 

An illustration of the PCA analysis when applied on an e-nose is presented in [20]. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Sensor response 

When data collection began, carrier gas would flow to the detector chamber directly as the flushing 

process was going on. During this process, the sensor array was cleaned from previous samples aroma 

exposure. Sensor array produced response that will be used as a reference. After two minutes of flushing, the 

microcontroller would open the valve in order to flow carrier gas through the sample chamber. Thus, sample 

aroma consisted of various volatile compounds from the samples that could flow together with carrier gas 

and be exposed to the sensor array in the detector chamber. Exposure of samples aroma was then responded 

to by the sensor array. The response is in the form of a change in sensor resistance which is then converted 

into a voltage shift. Collecting process ran for 3 minutes, then followed by closing the valve indicated for 

starting the purging. The purging process would flow the carrier gas directly to the detector chamber again in 

order to clean the sensor array from previous exposure of the sample. The process lasted for 2 minutes. An 

example of one cycle data collection is presented in Figure 3. This response consistent with another research 

[3]. Based on these data, the sensor response to samples aroma exposure was indicated by a voltage increment 

of 50-250 mV. 

The e-nose used in this study was equipped with temperature and humidity sensors that were 

mounted on the carrier gas channel outside the detector chamber, thus after flowing through the detector 

chamber, the carrier gas flowed through the temperature and humidity sensor. The response of the 
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temperature and humidity sensor was used to describe the temperature and humidity of the mixture of carrier 

gas and sample. It was also applied to indicate whether the sampling process was going well or not. The 

example of one cycle temperature and humidity sensor response during data collection is presented in Figure 4, 

shows that the sample temperature was ranged at 28-30 ℃, while the humidity was ranged at 60-70%. 

 

 

  
  

Figure 3. Response of sensor array with the 

presentation of fresh sample 

Figure 4. Temperature and humidity of the 

presentation of fresh sample 

 

 

3.2.  Aroma pattern of fresh and non-fresh sample 

Data analysis was started by forming aroma patterns from the fresh sample (A) and non-fresh 

samples (B). The patterns were represented on radar graphs. Aroma patterns formed by all four pattern 

formation methods are presented in Table 1. These patterns show that absolute data (a) and normalized 

absolute data method (b) produce consistent patterns between samples in the same group, while relative data 

(c) and normalized relative data method (d) produce deviant patterns of some repetitions data. Visually, the 

pattern formed by all these methods for fresh and non-fresh samples tended to be similar one to another. 

Thus, visual classification based on these patterns could not be done and analysis based on pattern 

recognition algorithms needed to be carried out. 
 

 

Table 1. Aroma pattern of fresh sample (A) and non-fresh sample (B) with different formation method 
Method for Aroma Pattern Formation Fresh Sample (A) Non-Fresh Sample (B) 

   

Absolute Data 

  

Normalized Absolute Data 

  

Relative Data 

  

Normalized Relative Data 
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3.3.  PCA method to classify the fresh and non-fresh sample 

PCA is a transformation method of multi-variable data, in which they may interact with each other, 

into new data variables with new coordinates that are not mutually correlated, called the principal component 

(PC). In PCA, new variables are ordered based on the number of data variance which may be associated with 

the carried information content. Usually, the use of two or three PCs can represent the whole information 

contained on the data. With these two or three variables, sample aroma patterns can be visualized in 

Cartesian coordinates in either 2D or 3D. The distribution of aroma patterns of samples A and B which were 

analyzed by using the PCA method is presented in Figure 5. The graph illustrates the distribution of sample 

aroma patterns formed by all the pattern formation methods. Green square symbol represents the fresh 

sample (A) while red square symbol represents the non-fresh sample. 

Figure 5 (a) is the result of PCA analysis of the samples aroma patterns formed by absolute data 

method (a). The PC-1 represents 80.8% of the variance of the data, while the PC-2 carries 11%. Thus,  

Figure 5 (a) has represented 91.8% information from the whole data. Figure 5 (b) is the result of PCA 

analysis for sample aroma patterns formed by normalized absolute data method (b) with an accumulation of 

information of 83.9% (PC-1 is 66.8% and PC-2 is 17.1%). Figure 5 (c) is PCA analysis for samples aroma 

patterns formed by the relative data method that carries accumulated information of 89.4% (PC-1 is 65.4% 

and PC-2 is 24%). Figure 5 (d) is the result of PCA analysis for samples aroma patterns formed by 

normalized relative data method (d) that represents 99.61% information from the whole data (PC-1 is 99.1% 

and PC-2 is 0.51%). Method of b shows a more separable distribution between samples A and B. In other 

words, method b provides a data distribution that is easier to classify than the other methods. 

 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 

Figure 5. Scatter plot of PCA for fresh and non-fresh sample with different preprocessing; (a) absolute data, 

(b) normalized absolute data, (c) relative data, (d) normalized relative data 
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3.4.  Classification of fresh and non-fresh sample with neural network 

PCA results provided data distribution that could be visually analyzed to identify the pattern 

separation of the samples. However, the PCA result did not provide quantitative information about the level 

of the pattern classification. In order to measure the separation level of the samples quantitatively, the 

analysis was then continued by using a NN. The NN was designed with a layer structure of 12-50-20-2 (12 

nodes of input corresponds to the number of sensors being applied, 50 nodes of first hidden layer, 20 nodes 

of second hidden layer, and 2 nodes of output, corresponding to the two groups of samples being separated). 

The NN was then trained to recognize the training data set by using an error back propagation training 

method with the learning rate of 0.250, the momentum of 0.1, and the iteration number of 10000. The amount 

of training data set was varied by 100%, 75%, 50%, 25%, and 10% of the number of the collected data. After 

being trained, the NN was used to classify the test data which consists of all formed patterns. Pattern formed 

by absolute data method (a) provides classification accuracy ranged at 73-100%. Meanwhile, by using the 

result of the normalized absolute data method (b), the NN is able to classify the samples with the accuracy 

range of 87-100%. The NN trained with sample aroma pattern formed by relative data method (c) produces a 

classification accuracy ranging at 48-98%, and classification accuracy that ranged at 57-98% obtained by the 

pattern formation method of normalized absolute data (d). Based on these results, normalized absolute data 

method (b) produces the highest accuracy of classification with the average of 93.88%. Thus, this method 

could be applied as a pattern formation method in the further development of the e-nose, especially for the 

determination of tilapia products' freshness. The classification accuracy of the NN with varied aroma pattern 

formation method and varied number of training data set for fresh and non-fresh samples are presented in 

Table 2. 

 

 

Table 2. The results of the neural network analysis for the classification of aroma patterns of fresh tilapia and 

non-fresh tilapia samples using four preprocessing methods 
Method for Aroma 

Pattern Formation 

Number of Training 

Data Set 

Number of 

Testing Data 

Number of 

Correct 

Accuracy 

(%) 

Accuracy in 

Average (%) 

Absolute Data 98 98 98 100.00 86.53 

76 98 98 100.00 

50 98 80 81.63 

26 98 72 73.47 

10 98 76 77.55 

Normalized 

Absolute Data 

98 98 98 100.00 93.88 

76 98 98 100.00 

50 98 89 90.82 

26 98 89 90.82 
10 98 86 87.76 

Relative Data 98 98 97 98.98 77.96 

76 98 96 97.96 
50 98 73 74.49 

26 98 68 69.39 

10 98 48 48.98 
Normalized Relative 

Data 

98 98 97 98.98 79.18 

76 98 96 97.96 
50 98 69 70.41 

26 98 70 71.43 

10 98 56 57.14 

 

 

3.5.  Freshness identification of tilapia from traditional market 

Identification of the freshness level of tilapia obtained randomly from traditional market traders was 

done by comparing its aroma patterns to previous patterns that have been collected and analyzed (patterns of 

samples A and B). There were 15 fish samples (C) to be analyzed. Data collection process was carried out in 

exactly the same way as the previous data collection. The response of the sensor array was converted into an 

aroma pattern by using the normalized absolute data method (b). Sample aroma pattern formed is presented 

in Figure 6, shows that the aroma patterns of the samples appear to vary. Sample aroma pattern was then 

analyzed by using the trained NN (trained with all data of fresh and non-fresh sample). The results of the 

classification for these samples is presented in Figure 7. This result shows that 60.0% of the samples were 

match to the fresh category, 33.3% were match to the non-fresh category, and 6.7% were not match both 

categories. 
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Figure 6. Aroma pattern of tilapia sample from 

traditional market 

 
 

Figure 7. Freshness identification of tilapia sample 

from traditional market 

 

 

3.6.  Analysis with ammonia and formalin test kit 

The spoilage process of fish products after being harvested at room temperature, usually occurs due 

to autolysis, bacteriological, and chemical processes [1], [4], [31]. The degradation process is characterized 

by the appearance of mucus, meat softening, and the appearance of unpleasant aromas [31]. Ammonia gas 

that contributes to that unpleasant aroma, generally appears along with the increase of spoilage level of the 

fish. Recent research shows that the ammonia compounds are also used for the freshness indicator of the 

packed fish [32]. In order to see the difference of ammonia content of samples A, B, and C, they were tested 

by using an ammonia test kit. The results of the analysis are presented in Figure 8. This figure shows that the 

fresh samples change the color of the test kit. The orange color presented in the test kit shows that the sample 

contains 0% ammonia, which means that the fresh sample has not been degraded. Figure 8 also shows that 

the non-fresh samples change the indicator color to be dark green. This color change showed that non-fresh 

samples had ammonia contained that ranged at 10%-20%. This result showed that sample B did belong to the 

category of the non-fresh. The presence of ammonia content indicates that compounds degradation in fish 

products occurred. Last part of Figure 8 presents the kit results when such a sample of C is measured. The 

results show that the test paper color changed to be yellow-green. This color indicates that the sample 

contains an ammonia compound, indicating that some quality degradation occurs on the sample. In other 

words, the tested sample of C had a freshness level between sample A and sample B. However, the test by 

using the ammonia test kit had not been carried out for all samples, but only been done to randomly selected 

samples in order to confirm the studied samples. 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 8. Ammonia test of sample; (a) fresh sample, (b) non-fresh sample, (c) sample from traditional market 

 

 

4. CONCLUSION 

Study of the determination of the freshness level of tilapia by using an e-nose has been carried out. 

The e-nose has been designed with a series of semiconductor gas sensors as detectors. There were three 

categories of tilapia samples tested in this study, fresh samples (A), non-fresh samples (B), and samples 

obtained randomly from traditional market (C). The collected data were formed into an aroma pattern by four 

pattern formation methods, namely: a) absolute data; b) normalized absolute data; c) relative data; and d) 

normalized relative data. Sample aroma patterns were then analyzed by using two methods, namely PCA and 
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NN. The results of PCA and neural network analysis showed that the normalized absolute data method (b) 

provided the best classification level. The result shows that the NN is able to classify the fresh and non-fresh 

samples with the level of accuracy of 93.88%. When the e-nose is applied for sample C, the result shows that 

60.0% of samples matched the fresh category, 33.3% matched the non-fresh category, and 6.7% did not 

match both categories. 
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