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Abstract— Electronic nose (E-nose) known as gas sensor 

array is a device that analyze the odor measurement give the 

fast response and less time consuming for clinical diagnosis. 

Many bacterial pathogens could lead to life threatening 

infections. Accurate and rapid diagnosis is crucial for the 

successful management of these infections disease. The 

conventional method need more time to detect the growth of 

bacterial. Alternatively, the bacteria are Pseudomonas 

aeruginosa and Shigella cultured on different media agar can 

be detected and classifies according to the volatile compound in 

shorter time using electronic nose (E-nose). Then, the data 

from electronic nose (E-nose) is processed using statistical 

method which is principal component analysis (PCA). The 

study shows the capability of electronic nose (E-nose) for early 

screening for bacterial infection in human stomach. 

 

Index Terms— Bacterial infection; Electronic nose; Principal 

component analysis (PCA); Sensor. 

 

I. INTRODUCTION 

 

In contemporary medicine, early screening of bacteria 

present in infections is very crucial. With the increase of 

patients nowadays, there is demand for rapid, accurate and 

non-invasive diagnostic tools. It is not only able to detect the 

type of infection but at the same time, it will be reduce the 

growth phase into a short period of time (hours) [1]. 

Classical bacterial identification methods based on culture 

such as Gram-stain are time-consuming, need specific 

techniques and expertise [2]. However, to reduce time 

consuming, a number of alternative techniques are being 

devised[3]. One non-invasive which is gaining interested for 

analysis of odor measurement and volatile organic 

compound for medical use is gas sensor array which is 

electronic nose (E-nose). This technology has been used to 

diagnose the odors emitted from human body such as breath, 

wounds, and body fluids [4]. 

Bacterial infection is common problem that may develop 

risk to human if it not be treated. Bacteria itself produce a 

range of volatile organic compound (VOCs). VOCs are 

thought to evolve as products or by products of metabolic 

pathways for example the generation of hydrocarbon, 

aliphatic alcohols and ketones from fatty acids biosynthesis 

[5]. The different types of bacteria can cause gastroenteritis 

are Staphylococcus aureus, Escherichia coli (E.coli), 

Pseudomonas aeruginosa, Shigella, Salmonella and 

H.pylori [6]. For microbiological detection, the standard 

method are biopsy culture. Biopsy culture techniques is 

invasive that need culture the specimen from human 

stomach. It is cause inconvenient for the patients. The result 

for the detecting infection take more than two days. It is 

may cause suffer to the patients that need urgent medical 

diagnosis and also will costing a lot of money.  

Therefore, the aim of this study is to investigate the ability 

if electronic nose to classify the bacteria in different culture 

media. The expression electronic nose (E-nose) is an 

electronic system that tries to imitate the structure if human 

nose that sense the smell, sent the information to the brain 

and interpret the specific odorant detected [7]. The sensor 

array in electronic nose composed of different sensors that 

chosen to respond to wide range of different chemical in 

order to discriminate diverse mixture of possible analytes 

[8]. With the advancement of electronic nose, a small size 

array for detection of more chemicals with lower cost, 

higher predictive, accuracy and portability becomes more 

desired objective and as instrumental analysis [9]. This 

paper conducts the analysis of bacterial detection as an early 

screening using electronic nose and proves that electronic 

nose has ability to classify the bacteria culture din different 

media agar. 

 

II. MATERIAL AND METHOD 

A. Media Culture Preparation 

In this experiment, there are two types of culture media 

for both Pseudomonas aeruginosa and Shigella were used 

for the growth of bacteria such as MacConkey agar and 

Nutrient agar. Preparation of agar media plate must be in 

clean place and prepared as follows: 

1) Preparation of MacConkey‘s agar  

      MacConkey agar was prepared using 25 g MacConkey 

agar powder and mixed with 300 ml of distilled water. Then, 

the solution was heated on hot plate to make sure agar 

powder are dissolved before tilled up onto the bottle until 

500 ml of distilled water (dH2O). After the solution 

completely dissolved, it must put onto an autoclave for 

sterilization at 121°C. An autoclave used to sterilize 

equipment supplies by exposed them to high pressure 

saturated steam at 121 °C (249°F) for around 15–20 minutes 

depending on the size of the load and the contents [10]. 

After that, 25ml of the agar solution is poured onto petri 

dishes. MacConkey agar is used for isolation of gram 

negative rod and inhibits the growth of gram positive cocci 

[11]. 

2) Preparation of Nutrient agar 

      Nutrient agar are prepared using 10 g Nutrient agar 

powder and mixed with 300ml of distilled water. Then, the 

solution was heated on hot plate to make sure all agar 

powder is dissolved as shown in Figure 3.4 before tilled up 

the bottle until 450 ml of distilled water (dH2O). The agar 

solution need put onto autoclave at 121°C for sterilization. 

After completely sterile in the autoclave, the agar solution 
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must be cooled within 15 minutes at 45°C poured 25ml of 

agar solution onto each petri dish. Nutrient agar is 

recommended for cultivation of non-fastidious 

microorganisms [12]. 

B. Bacteria Sample Preparation  

     Bacteria samples that have been used are Pseudomonas 

aeruginosa and Shigella, The bacterial is cultured onto agar 

plate using cotton swab. Culture media means the process of 

bacterial or other biological entity in a medium plate. A 

cotton swab is used when spreading bacteria over a solid 

medium. The petri dishes are labeled and sealed. Then, the 

agar plates are incubated for 24 hours at 37°C. The main 

purpose of incubation is to provide a suitable environment 

for the growth of bacteria. A temperature of 37°C is the 

optimum temperature for the bacteria from human gut to 

grow and it is commonly used as the constant temperature 

for the hospital incubators.  

 

C. Sampling Procedure  
The sampling method began after the bacteria have been 

incubated in media culture within 24 hours. The function of 

the sampling system is to transfer the headspace from 

sample to the sensors. The Insniff electronic nose is a device 

used to sniff the samples using headspace of samples to the 

sensors without changing its composition and properties. 

For sampling process it is applied traps and purge technique. 

For the “Purge Cycle”, ambient air supply the chamber inlet 

to clean the sensors. After completion the “Purge Cycle”, 

the system will be set to idle state to enable the sensors to 

return to their baseline values. The “Sniff Cycle” follows, 

and the indoor air sample was supplied to sensor arrays 

through the chamber inlet. For each experiment, the empty 

agar media for MacConkey agar and Nutrient agar also were 

sniffed and the results as a reference. Figure 1 shows the 

setup of Insniff electronic nose for sampling data. For each 

experiment, the empty agar media for MacConkey agar and 

Nutrient agar also were sniffed and the results as a 

reference. Figure 1 shows the setup of Insniff electronic 

nose for sampling data. 

 

 

                     
  

   Stainless steel            Electronic nose               Computer  

      container             

  
Figure 1: Electronic nose setup for sampling procedure 

   

III. RESULT AND DISCUSSION 

 

 The Insniff electronic nose is a device used tool to detect 

the presence of odor. Research in this field has been driven 

by various factors during conventional practices. In this 

experiment, E-nose is a device for detecting odors and 

gaseous from bacterial. It is consist of ten sensors metal 

oxide semiconductors (MOS) with two auxiliary sensors for 

the temperature and humidity because of MOS gas sensors 

sensitive to ambient and temperature[13]. Metal oxide 

semiconductor consist three layers: a silicon semiconductor, 

a silicon oxide insulator and a catalytic metal through which 

the applied voltage creates an electric field [4]. The 

advantages of metal oxide semiconductors are low cost, high 

sensitivity, fast response/recovery time, ease of use, low 

maintenance and ability to detect large number of gases 

[13].  

Figure 2(a) and Figure 2(b) represent the sensor response 

or output from Insniff electronic nose for Pseudomonas 

aeruginosa in different culture media after incubated for 24 

hours. The graphs shows the comparison between response 

of twelve sensors for each types of bacteria in different 

culture media and two blank agar as control (MacConkey 

agar and Nutrient agar). The data obtained based on the 

difference reference sensor response (R) and sample sensor 

response (R0). The reference normally is the ambient air. 

Different types of bacteria shows the different sensor 

response. The pattern of graph shows the differences 

because of each types of bacteria produce different odor. 

 

 

Figure 2(a): Sensor response for Pseudomonas aeruginosa on MaConkey 

agar media  

 

 

Figure 2(b): Sensor response for Pseudomonas aeruginosa on Nutrient agar 

media 

Figure 3(a) and Figure 3(b) represent the sensor response 

or output from Insniff electronic nose for Shigella in 

different culture media after incubated for 24 hours while 

Insniff  

Agar medium 

with bacteria 
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Figure 4(a) and Figure 4(b) represent the sensor response or 

output from Insniff electronic nose as blank agar 

(MacConkey agar and Nutrient agar). 

 

 

Figure 3(a): Sensor response for Shigella on MaConkey agar media 

 

Figure 3(b): Sensor response for Shigella on Nutrient agar media 
 

 
 

Figure 4(a): Sensor response for blank Mac Conkey agar media as control 

 

 

Figure 4(b): Sensor response for blank Nutrient agar media as control 

 

 Furthermore, the capability of the Insniff electronic nose 

in detecting odor produced by each types of bacteria using 

different culture media were analyzed using Principal 

Component Analysis (PCA) as shown in Figure 5. Principal 

Component Analysis (PCA) is statistical method where the 

transformation actually projects the multidimensional data 

into coordinates that maximize the variance while 

minimizing the correlation in the dataset [14], [15]. 

    Since the objective of this experiment is to investigate the 

ability of electronic nose in classifying the bacteria odors in 

different agar, so the data analysis will be patterned 

according to the different culture media. Figure 3(a) shows 

PCA plot of Pseudomonas aeruginosa in both agar which 

are MacConkey agar (blue label), Nutrient agar (yellow 

label), blank agar for MacConkey agar (red label) and blank 

agar for Nutrient agar (black label). The PCA plot for 
Pseudomonas aeruginosa in both agar indicates that 

principal component 1 is 97.84% and principal component 2 

is 1.41% of total variance with 99.25%. For the PCA plot 

Shigella bacterium, the total variance is 98.22% which is 

96.00% for principal component 1 and 2.22% for principal 

component 2. PCA plot shows the early clustering of the 

each types of bacteria in different culture media as shown in 

Figure 5(b).  

 

Figure 5(a): PCA plot for Pseudomonas aeruginosa in both agar 

(MacConkey agar and Nutrient agar)  
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Figure 5(b): PCA plot for Shigella in both agar (MacConkey agar and 

Nutrient agar)  

Besides that, the capability of electronic nose is 

investigated by integrated all culture media in one global 

plot as shown in Figure 6.  The principal component 1 

explained 77.30% and for principal component 2 explained 

20.69%. The PCA plot shows clear separation among the 

culture agar in each bacteria. Besides achieving clear 

separation, Shigella bacterium in Nutrient agar was 

overlapped with blank agar may be due to bacteria not 

completely growth and cause the odor that released form 

Shigella bacterium is same with blank agar (control agar). 

 

Figure 6: PCA plot for Pseudomonas aeruginosa and Shigella bacterium in 

one global plot  

 

IV. CONCLUSION 

 

The findings of this study was to determine whether 

bacteria in human stomach produce odors that electronic 

nose sensors can detect. Therefore, electronic nose 

technology has capability to cluster different bacteria groups 

using different culture media for bacteria growth. This result 

will be used in further studies to optimize the number of 

sensor and find the classifier for good accomplishment. In 

future study, it will be use others bacteria in human stomach 

that targeted for gastrointestinal disease in different culture 

media. 
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