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Abstract 

Carbon dioxide plays a vital role in the human body. Many studies confirm that changes in carbon dioxide concentrations 

can serve as biomarkers for various health problems. This biomarker can be detected using several techniques, including 

an electronic nose (e-nose). However, there is a limitation in the e-nose's function and development in specific health 

cases, especially in respiratory or other systems. In line with this, this study aims to develop an economical, simple e-

nose based on a CO2 (carbon dioxide) gas sensor and to establish an exhaled breath profile related to asthma and GERD 

(gastroesophageal reflux disease), which are common daily health problems. For this purpose, 90 exhaled breath samples 

from three different health conditions were obtained as the primary breath profiling samples: healthy, GERD, and 

asthma. The samples were measured and analyzed using a simple e-nose based on a high-sensitivity carbon dioxide 

sensor. The e-nose was calibrated and tested under laboratory-scale procedures, including linearity, accuracy, and 

sensitivity examinations. Then, the collected samples were classified, analyzed, and interpreted to produce a profile 

prediction for those health problems. The results show that the e-nose system can measure CO2 gas concentrations in 

the range of 400-9700 ppm. There are three selective profiles of the exhaled breath samples: healthy (450 to 899 ppm), 

GERD (3327 to 5381 ppm), and asthma (6612 to 9706 ppm). It can be concluded that the developed e-nose can classify 

different health conditions. There is a significant difference between healthy, GERD, and asthma samples (p < 0.05). 

These differences were interpreted as breath profiles with an accuracy level of 84%. This research may contribute to a 

preliminary investigation of breath profiles for specific health problems, with a rapid response time and high accuracy. 

  

Keywords: asthma; biomarker; carbon dioxide; electronic nose; GERD 

 

How to cite: Hadi KA, Anggriani NK, Budianto A, Nabilla DA, and Farahin DN. A preliminary study of 

exhaled breath profiling of GERD-asthma using an e-nose and carbon dioxide concentration as biomarkers. 

Jurnal Penelitian Fisika dan Aplikasinya (JPFA). 2025; 15(1): 1-11. DOI: https://doi.org/10.26740/jpfa.v15n1.p1-11. 

 
© 2025 Jurnal Penelitian Fisika dan Aplikasinya (JPFA). This work is licensed under CC BY-NC 4.0 

  

 

 

https://journal.unesa.ac.id/index.php/jpfa/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.26740/jpfa.v15n1.p1-11
http://creativecommons.org/licenses/by-nc/4.0/


Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2025; 15(1): 1-11 

Hadi, KA., et al 2 

 

INTRODUCTION 

CO2 (carbon dioxide) is a gas consisting of one carbon atom and two oxygen atoms. CO2 is 

classified as a natural part of the air and is also produced from various natural processes, such as 

human and animal breathing, as well as biomass burning, and many other combustion processes 

[1,2]. This gas plays an essential role in human respiration, especially in controlling the rate of 

respiration. [3,4]. This gas is produced by breathing and can trigger the brain to regulate the 

frequency and depth of breathing, ensuring the proper function of the respiratory and other 

essential body systems, such as oxygen and CO2 exchange. However, exposure to high 

concentrations of CO2 can be dangerous and lead to hypercapnia. [5]. Hypercapnia is a condition 

in which blood CO2 levels are elevated, which can cause dizziness, headaches, and even loss of 

consciousness. [6–8]. In addition, this condition can cause respiratory acidosis, which may lead to 

damage to organs and body tissues. [9]. From a medical perspective, CO2 is classified as a poisonous 

gas at high concentrations. CO2 gas may cause suffocation due to a lack of oxygen. Other probable 

effects of excessive exposure to CO2 gas are eye, nose, and throat irritation. [10,11]. 

Several previous studies show that CO2 and other gases can be used as biomarkers for the 

development of an e-nose (electronic nose). [12–15]. An e-nose is widely used to analyze and predict 

biomarkers in human respiratory air residues. [16–19]. For example, a 2021 review shows that 

exhaled breath can serve as a biomarker for several diseases, based on chemical compounds 

analyzed using complex devices. This review confirms that lung diseases are associated with CO2 

concentration in exhaled breath. [20]. A previous study event shows that the existence of acetone, 

ethanol, methanol, toluene, butanol, and other gases in the exhaled breath (in a specific 

concentration) may be related to chronic obstructive pulmonary disease. [21]. These biomarkers 

and methods require complex statistical analysis, artificial neural networks, and other advanced 

instrumentation to achieve better performance. In contrast, there is a bias in exhaled breath 

profiling for asthma identification using a simple method based on e-nose technology. [22]. This 

study confirms that there is a significant difference between each classification in severe asthma 

cases. However, previous research does not clearly describe brief-breath profiling methods for 

specific health conditions, such as GERD (gastroesophageal reflux disease, a chronic condition in 

which stomach acid repeatedly flows back into the esophagus) and asthma. 

As outlined above, there is a knowledge gap regarding the underdevelopment of e-nose 

technology to identify and predict diseases such as stomach acid, GERD, asthma, and other health 

problems in daily life. The developed e-noses are dominated at the molecular level by viruses, 

bacteria, and fungi. The developed e-noses for several health problems indeed show good results. 

However, other previous studies using gases as the selective biomarkers still lack breath profiles. 

In addition, e-noses are generally considered high-cost devices with specialized treatments and 

procedures. Several studies also used multiple gases for breath profiling and prediction. Hence, 

this study aims to develop an economical, simple e-nose based on a CO2 gas sensor and to establish 

an exhaled breath profile related to asthma and GERD, which are common daily health problems. 

This research may contribute to a preliminary investigation of breath profiles for specific health 

problems, with a rapid response time and high accuracy. The development of an e-nose for breath 

profiling, especially for GERD and asthma, may lead to a rapid diagnostic tool from a medical 

perspective. These research aims can be achieved using a fully calibrated sensor and e-nose system, 

including the flow system, voltage stability, recovery time, gas filtration, and other instrumentation 

parameters. 
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METHOD 

E-nose Development 

The e-nose system was developed using an MG-811 sensor (susceptible to CO2), a 

microcontroller, a power source, suction pumps, a display, tubes, and a sensor box. The sensor was 

chosen for its wide measurement range (350 ppm to 10000 ppm) and analog signal outputs. The 

sensor was connected to the microcontroller's analog pin and a 5.91 V voltage source. This voltage 

source was also connected to the microcontroller's input voltage pin (Vin). Then, the sensor was 

turned on for 7 consecutive days as a burn-in period. All of these kits were installed inside a sensor 

box, including the input and output tubes. The input tube was connected to an input suction pump 

(pump 1) with a constant velocity (v1) of 0.9 m/s (for the breath air flow). The other tube (output 

tube) was also connected to an output suction pump (pump 2) to drain the gas from the sensor box 

with a velocity (v2) of 1.8 m/s (Figure 1). 

 

 
Figure 1. E-nose calibration and characterization processes using an exposure chamber 

 

E-nose Calibration 

The e-nose system was calibrated using filtered fresh air (Figure 1). For this purpose, the 

ambient air was filtered using a particulate air filter before being exposed to the exposure chamber 

(area of input tube A = 50x10-6 m2, volume V = 0.0044 m3) [23]. At the same time, the e-nose's input 

tube was connected to the chamber. The sensor output voltages were recorded for 100 s of the 

calibration time t (sampling time ts = 5 s). This period was chosen from the approximation using the 

Bernoulli principle: 

 𝑡 =  
𝑉

𝐴 .  𝑣1
  (1) 

 

The output signals (analog value, Ao) were converted into voltage signals (Vs) using the equation: 

 

 Vs = 
𝐴𝑜

1023
 x 5,91  (2) 

 

The voltage values were converted to a calculated CO2 concentration (Ccalculated) using Equation 3. 

This equation was obtained from the sensor's datasheet under controlled room temperature and 

humidity level (temperature = 28 °C; humidity = 65%): 

 

 Ccalculated = 1.3851 x Vs2 - (900.22 x Vs) + 146671 (3) 
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The sensitivity level was calculated using Equation 4 [24]: 

 

 sensitivity = 
𝑉𝑠

𝐶𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
 (4) 

E-nose Characterization 

The system's performance was evaluated by assessing linearity, accuracy, and sensitivity. For 

this purpose, the system was exposed to CO2 gas concentrations (Cmeasured) of 5 levels: C1 (400 ppm), 

C2 (700 ppm), C3 (1000 ppm), C4 (3000 ppm), and C5 (6000 ppm). These treatments were conducted 

using a standard CO2 gas sample (dry gas) measured using a comparator device [25,26]. For the 

first concentration variation (C1), the gas sample was injected into the exposure chamber and 

acclimatized for 60 s. Then, this sample was carried to the sensor box by the flow rate from the input 

pump. The e-nose system's output signals were recorded for 100 s at a sampling rate of 5 s. This 

treatment was repeated three times for all concentrations.   

 

Exhaled Breath Profiling 

This study used 90 exhaled breath samples (Table 1) for profiling. This step was conducted 

using the breath samples with a similar procedure to the previous step (e-nose characterization). 

These samples were obtained using a selective sampling method with the following criteria: 

male/female, not a smoker, not menstruating, and not consuming any foods/ drinks with strong 

odors. The calculated gas concentrations from all breath samples were then plotted in a graph, with 

a specific interval corresponding to each health prediction (healthy, GERD, and asthma). All 

procedures were approved by the Health Research Ethics Commission of the Faculty of Medicine 

and Health Sciences, University of Mataram (Ethical Approval Decision Letter: No. 

020/UN18.F8/ETIK/2025).  

 

Table 1. The exhaled breath samples: healthy, GERD, and asthma  

Healthy GERD

 

Asthma 

n = 30 n = 30 n = 30 

 

The differences between classifications were analyzed using an ANOVA. The p-value evaluated the 

significance. In this step, a p-value < 0.05 was considered significant. [27]. 

 

RESULTS AND DISCUSSION 

E-nose Calibration 

Figure 2 interprets the calibration results of the e-nose system using filtered fresh air. The 

developed system produces an output voltage of 322 ± 1 mV (n = 3, black dots) when tested inside 

an exposure chamber under filtered, fresh air. This voltage signal was calculated from the sensor's 

analog value (55-56), with a 10-bit resolution and a 1-s response time. At the same time, the 

measured CO2 concentration (from the comparator device) was about 400-405 ppm (Cmeasured). Based 

on the MG-811 sensor datasheet (red line), these values indicate that the e-nose system performs 

well at detecting ambient CO2 gas. The datasheet indeed confirms that the output voltages of 324-

325 mV refer to ~400 ppm of CO2 gas concentration. 
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Figure 2. The calibration results of the e-nose system using filtered fresh air inside the chamber  

 

E-nose Characterization 

Figure 3 shows the results of the system characterization using five different gas 

concentrations: C1 (400 ppm), C2 (700 ppm), C3 (1000 ppm), C4 (3000 ppm), and C5 (6000 ppm). These 

variations were used to assess the accuracy, linearity, and sensitivity.  

 

 
 

Figure 3. Comparison between the e-nose and the comparator in measuring CO2 gas 

concentrations 

 

Gas concentrations were determined from the e-nose system by calculating the sensor outputs 

using Equation 3. This equation converted the sensor's analog value (0-1023) to gas concentration 

(ppm). According to this conversion, the calculated concentrations are 463; 541; 1196; 2948; and 5014 

ppm, respectively for C1, C2, C3, C4, and C5. As shown in Figure 4, the developed e-nose exhibits 

good linearity, with an R2 value of >0.98. This value was obtained from a linear function 

approximation, a straight line used to summarize the data. A linear trendline is a best-fit straight 

line in instrumentation science used to assess the linearity of a developed system. As obtained in 

this study, the linearity of the e-nose is 98.8%, with a linear function of:  

 

 Ccalculated = 0.82 x Cmeasured - 203.88  (5) 

 

This R2 value confirms the 98.8% similarity of the developed system (e-nose) with the 
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comparator (Cmeasured). This R2 value also confirms the function of the burn-in period, which increases 

the sensor's sensitivity by improving the performance of its sensitive material (semiconductor). In 

other words, the developed e-nose has characteristics similar to the comparator's, specifically in 

sensing only CO2 gas, with an accuracy of 84%. This accuracy level indicates that the e-nose system 

works well as a CO2 gas concentration measurement system, with a sensitivity of ~0.34 mV/ppm.   

 

Exhaled Breath Profiling 

Table 2 presents the mean CO2 gas concentrations for healthy, GERD, and asthma conditions. 

As a control parameter, no sample suffers from both GERD and asthma. These values were obtained 

from the e-nose system and interpreted as exhaled breath profiling, with three distinct gas 

concentration classifications. 

The healthy samples show varied CO2 gas concentrations, ranging from 450 to 899 ppm. The 

mean concentration is about 611 ppm. In contrast, the GERD samples have concentrations of 3327 

ppm to 5381 ppm. The mean value is 4367 ppm, showing a significant difference compared to the 

healthy samples (p < 0.05 ). Interestingly, the asthma samples show higher CO2 concentrations. The 

lowest concentration is 6612 ppm, which is 1231 ppm higher than the highest concentration in the 

GERD sample. These results indicate that the highest CO2 concentration is in the asthma samples 

(9706 ppm). There is also a significant difference between the healthy and asthma samples (p < 0.05). 

A similar pattern is also observed in the comparison between the GERD and asthma samples, 

showing a smaller difference than in other comparisons (p < 0.05). Hence, it can be seen that there 

are substantial differences among all sample classifications.  

 

Table 2. The CO2 gas concentrations of the exhaled breath samples under different health 

conditions: healthy, GERD, and asthma samples (N = 90) 

Number Healthy GERD

 

Asthma 

Mean 611 4367 9089 

 

The e-nose system can generate exhaled breath profiles from three health conditions: healthy, 

GERD, and asthma, as interpreted in Figure 4. The asthma sample profile shows a CO2 

concentration between 6612 and 10000 ppm (green zone). The red zone (450-3327) shows the 

prediction concentration of the healthy profile. On the last point, the yellow zone corresponds to 

the GERD profile, with CO2 concentrations ranging from 3327 ppm to 6612 ppm.    

 

 
Figure 4. Exhaled breath profiling of the samples in different conditions for classification 

 

The performance of an e-nose system depends on calibration and examination procedures, 
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especially when using semiconductor-based sensors (e.g., ZnO, TiO2, SnO2). [10]. As conducted in 

this study, the system was also calibrated to confirm the output signals or sensor responses. The 

best responses were the best values within tolerance when all parameters were controlled (as seen 

in the sensor datasheet), such as a constant flow rate, humidity, and temperature. That is why this 

developed e-nose has a low measurement error (±1 mV). 

The accuracy, sensitivity, and linearity levels of the e-nose system were examined using the 

comparator device. As confirmed in the datasheet, the sensitivity of the MG-811 sensor is 0.025 

mV/ppm. This means the MG-811 sensor has a measurement range of 350-10000 ppm for CO2 gas 

concentration. As confirmed in a previous study by Viejo et al. (2020), the MG-811 sensor has a good 

sensitivity level of CO2 gas in concentrations of 350-10000 ppm (0.025 mV/ppm) [28]. In contrast, 

another study shows that the effective range was only 400-5000 ppm. [24]. However, as a gain 

function, this sensitivity value may be influenced by the electronic circuit on the board and the 

setting time. [28]. Hence, the developed e-nose's accuracy cannot reach 100% compared to the 

comparator device. The best accuracy is>80%, with a sensitivity of 0.34 mV/V ppm. 

After calibration and inspection, the e-nose system is ready for exhaled breath measurements. 

Based on this performance, we measured CO2 gas concentration to generate a breath profile. As 

shown in the data collection, the developed e-nose performs well in generating exhaled breath 

profiles for asthma-GERD and healthy conditions. These patterns or profiles were obtained after 

verifying the sensor's reliability in detecting CO2 at several concentrations. Using the MG-811 

sensor and the developed system, we measured CO2 concentrations in 30 exhaled breath samples. 

All results indicate that the detected or measured CO2 concentrations are consistent with those 

reported in the datasheet (350-10000 ppm). The human respiratory system typically exhales 500-

1500 ppm of CO2 in a normal condition (2 seconds) [29,30]. Notably, in Table 2, it can be seen that 

the normal or healthy samples have concentrations of 450-899 ppm. These concentrations were 

generated from a standard or correct way to breathe and exhale. Not all samples were related to 

smoking, menstruation, drugs, or excessive food/drink consumption. These treatments indeed 

improved the e-nose's accuracy (>80%), since we obtained a good "gold reference" for exhaled 

breath profiling. 

Abnormal CO2 concentrations in human exhaled breath can be related to many factors. As 

confirmed by a previous study, the exhaled gas substances correlate with the variability in 

breathing techniques, patterns, and individual characteristics. [31]. This study also reveals that the 

sampling instrument and ambient volatile organic compound concentrations may influence gas 

concentrations. These parameters might then affect the generated breath profiles and, in turn, the 

final analysis's prediction accuracy. According to a previous study, breathing patterns may vary 

between different conditions or individuals. [32]. For example, a person breathes by taking 

shallower breaths than another person. This pattern may be influenced by the lung's tidal volume 

and by the volatile metabolite of a compound to which an individual has been exposed. In another 

case, the CO2 gas concentration is also influenced by respiratory system conditions, such as asthma 

[33]. According to these results, it can be seen that the human body system may have different 

behaviors when suffering health problems, as found in this study.  

Many factors, including physical activity, diet, health condition, and environmental gas 

concentrations, also influence e-nose performance. These parameters may lead to false positives or 

false negatives in the histogram's classification. However, the false-positive rate (e.g., a double 

conclusion in the developed e-nose between healthy-GERD and asthma-GERD) can be minimized 
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by using an anamnesis questionnaire. 

 

CONCLUSION 

An e-nose system has been developed as an exhaled breath profiler for asthma and GERD. This 

system was successfully calibrated and examined in accordance with laboratory procedures. 

Exhaled breath contains CO2 gas with concentrations of 400 - 9700 ppm. There are three selective 

profiles of the exhaled breath samples: healthy (450 to 899 ppm), GERD (3327 to 5381 ppm), and 

asthma (6612 to 9706 ppm). The developed e-nose can classify different health conditions. There is 

a significant difference between healthy, GERD, and asthma samples (p < 0.05). These differences 

were interpreted as breath profiles with an accuracy level of 84%. For future work, this research 

may contribute to a preliminary investigation of breath profiles for specific health problems, with 

rapid response time and high accuracy (a clinical implication). The developed e-nose may also 

enable the identification of volatile CO2 biomarkers using a non-invasive method. The 

implementation of an artificial neural network is highly recommended to improve system 

performance, including accuracy and linearity, for medical applications. 
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