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ABSTRACT 
  
The olfactory sense is a vital aspect of human perception, historically essential for detecting scents and 
engaging with our surroundings. Over time, electronic olfactory systems, commonly referred to as e-
noses, have evolved dramatically, shifting from large, expensive, and power-hungry devices to smaller, 
affordable, and energy-efficient versions. These systems combine hardware and software elements, 
utilizing electronic sensors to identify and evaluate chemical substances in the air. Central to this 
technology are scent detectors that replicate the complex functions of the human nose. This 
groundbreaking tool is utilized across various sectors, such as food inspection, healthcare, 
environmental tracking, security, and more. Within the food sector, e-noses have become highly 
adaptable and essential instruments, supporting quality control, supply chain transparency, process 
improvement, and waste minimization. This study explores the latest developments and progress in e-
nose technology, offering a detailed yet easy-to-understand overview of the field. E-nose technology has 
shown exceptional adaptability, becoming a key resource in the food industry. A major use is the precise 
evaluation of food freshness, which plays a significant role in minimizing waste and ensuring consumer 
health. By supplementing or replacing conventional methods—often slow and resource-intensive—e-
noses provide a distinct ability to assess, categorize, and measure scents, offering a powerful solution 
for analyzing olfactory data. 
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1. Introduction 
 

The ability to detect scents is a crucial aspect of human 
perception, long used to recognize smells and interact with our 
surroundings. Modern advancements have led to the 
development of electronic olfactory devices, known as e-noses, 
which mimic the human sense of smell. These devices are capable 
of identifying and examining diverse scents, providing precise 
and comprehensive data about various gases and intricate scent 
combinations. This innovation is sometimes likened to a unique 
signature for odor analysis (Wang et al., 2024). A schematic 
illustration of an e-nose is presented in Figure 1 (Abasiyanik et 
al., 2023). 

E-noses, or electronic olfactory systems, are typically 
composed of two main parts: a mechanism for detecting gases 
and a system for processing data. The data-processing unit 
incorporates a high-accuracy processor, auxiliary equipment, and 
sophisticated algorithms for recognizing patterns (Van Der Sar et 
al., 2023). Since the emergence of the idea of electronic olfactory 
systems in the 1980s, the field has witnessed remarkable 
advancements. Compact, budget-friendly, and efficient devices 
have now taken the place of older, bulkier, and more costly 
models (Abideen et al., 2024). 

This tool is utilized in food analysis (Khodkam, 2021), 
medical diagnostics, environmental monitoring (Wojnowski et 
al., 2018), security, and various other fields. This paper examines 
the most recent developments and progress in electronic 
olfactory systems, commonly known as e-noses, providing a 
thorough exploration of the subject. Existing research primarily 
highlights three main areas: detection mechanisms, varied uses, 

and algorithms for analyzing data. These elements are 
methodically outlined in Table 1. 

 

2. Materials and Methods 

 
This review article investigates the advancements and 

applications of e-noses across diverse fields by compiling and 
analyzing studies published in recent years. Data were collected 
from reputable scientific databases, including PubMed, 
ScienceDirect, and Google Scholar. The focus was on articles 
about chemical sensors, data processing algorithms, and the 
utilization of e-noses in the food, environmental, and medical 
sectors. The analytical approach encompassed systematic 
reviews and the categorization of findings based on their 
application areas. To ensure a comprehensive understanding, 
studies highlighting technological advancements and challenges 
in the development of e-noses were also examined. 

The study begins by examining the performance and types of 
olfactory sensors, including semiconductor sensors, metal-oxide 
sensors, and conductive polymers. Subsequently, it reviews data 
processing algorithms, such as principal component analysis 
(PCA) and artificial neural networks (ANN), which play a pivotal 
role in interpreting sensor data. Finally, the applications of e-
noses across various sectors are explored, including their use in 
the food industry (e.g., detecting food contamination), 
environmental monitoring (e.g., assessing air quality), and 
medical diagnostics (e.g., identifying diseases through the 
analysis of volatile organic compounds). This review underscores 
the e-nose as a powerful and versatile tool with immense 
potential to drive innovation and transformation across multiple 
disciplines. 
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Figure 1. Schematic image of biological olfactory system (A) and e-nose technology (B) 
 
Table 1. A comprehensive review of e-nose examinations 
Review titles Focus Content Reference 
A brief history of e-noses Sensors, applications A review of advances in e-nose technology and its application areas in 

the past 25 years 
Gardner and 
Bartlett (1994) 

E-noses and their application in 
food 

Food analysis It offers e-nose sensor technology and statistical analysis techniques in 
the field of food analysis. 

Schaller et al. 
(1998) 

E-noses Sensor technologies Examined sensor and data processing technologies. Strike et al. 
(1999) 

E-noses used in dairy products Dairy analysis using 
e-noses 

It highlights the potential benefits of e-noses in areas such as cheese 
evaluation, milk classification, and bacteria identification. 

Mehdipour and 
Ghaffari (2021) 

E-nose and disease diagnosis Detecting microbial 
infections using e-
noses 

E-noses are used in the detection of volatile compounds related to 
microbial infections and their potential applications in early disease 
diagnosis. 

Turner and 
Magan (2004) 

The use of e-noses for disease 
diagnosis and food spoilage 
detection 

E-noses in medical 
diagnosis and food 
quality control 

E-noses are used to classify and quantify bacteria and fungi to achieve 
medical diagnoses and ensure food quality. This article includes 
examples of bacterial and fungal species that produce volatile 
compounds associated with infectious diseases or food spoilage. 

Casalinuovo et 
al. (2006) 

Applications and advancements 
of e-nose technology 

E-nose technology The evolution of e-nose technologies and their diverse applications in 
various industries were reviewed. Significant advances in sensors, 
materials, software, and microcircuitry have led to the emergence of 
new sensor types and applications. 

Wilson and 
Baietto (2009) 

E-nose for microbiological 
quality control of food products 

E-noses, diet plans Covers the detection of microbial contamination in fruit juices, processed 
tomatoes, corn kernels, and green coffee beans. 

Falasconi et al. 
(2012) 

E-noses for environmental 
monitoring applications 

Sensors, 
environmental 
applications 

Studies generally show that e-noses are well suited for analyzing 
environmental quality parameters, process control, and evaluating 
the efficiency of odor control systems. 

Sironi et al. 
(2007) 

Application of e-noses for 
clinical diagnosis in urine 
samples 

E-noses for clinical 
diagnosis 

It presents applications of e-noses in the medical field, focusing on the 
analysis of gaseous compounds present in human urine. 

Baldini et al. 
(2020) 

E-noses in medical diagnosis E-noses, medical 
applications 

Provides an overview of e-nose applications in medical diagnostics, 
focusing on how these devices and sensor technologies align with 
current trends in medicine. 

Wojnowski et 
al. (2018) 

E-nose as a new method for 
cancer detection 

E-noses, medical 
applications 

This study examines e-nose technology for early cancer detection. 
Among the published papers, promising results (with an accuracy of 
over 80%) were evident in lung cancer detection. However, there are 
many challenges to diagnosis. 

Baldini et al. 
(2020) 

Development of compact e-
noses 

Sensor technologies It reviews the evolution of compact e-nose design and computation in 
recent decades and outlines potential future directions. 

Zang et al. 
(2023) 

E-noses based on metal oxide 
nanowires 

E-noses, metal oxide 
nanowires 

Metal oxide nanowires are used as gas sensors in e-noses. It covers 
various areas including basic research, agriculture, health, and 
security. It reviews the types of metal oxides used, surface 
modifications, sensor array characteristics, applications, algorithms, 
and information obtained from these e-noses. 

Mirzaei et al. 
(2023) 

E-noses and their applications 
for sensory and analytical 
measurements in waste 
management facilities 

E-noses for waste 
management facilities 

It highlights real-world applications of e-nose devices in waste treatment 
processes and odor assessment near waste management facilities. 

Jońca et al. 
(2022) 

Environmental engineering 
applications of e-nose systems 
based on MOX gas sensors 

E-nose, 
environmental 
engineering 
applications 

The use of metal oxide semiconductor sensors for the detection of 
volatile compounds in air, especially at low concentrations, is 
investigated. This study discusses the advantages and disadvantages 
of MOX sensors and reviews various research studies related to 
environmental pollution monitoring using e-noses. 

Khorramifar et 
al. (2023) 

Metal oxide-based e-noses for 
healthcare 

Exploring e-nose 
technology for 
healthcare 

It examines recent advances in e-nose technology and its applications in 
healthcare (e.g., medical diagnosis) through breath analysis and 
monitoring of hazardous gases. The study addresses challenges such 
as miniaturization and low power consumption and examines 
various sensor materials used to overcome them. 

Abideen et al. 
(2024) 
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3. Principles of Odor Sensors 

 
At the core of e-nose systems are scent detectors that 

replicate the complex functions of the human sense of smell. 
These devices use electronic sensors to identify and evaluate 
chemical substances present in the surrounding air. Scents are 
converted into measurable signals, which the system then 
analyzes and interprets (Du et al., 2024). 

The e-nose system integrates both physical and digital 
elements, where the software acts as the brain of the device, and 
the hardware—comprising a group of sensors—replicates the 
role of scent detectors. In contrast to the human nose, which uses 
around 100 million receptors to identify smells, the e-nose 
accomplishes this task through its interconnected sensor 
network (Mirzaei et al., 2023). 

Various types of detection materials are utilized, such as 
semiconductors based on metal oxides, metal oxide (MOX) 
detectors, field-effect transistors made from metal oxide 
semiconductors (MOS), sensors sensitive to mass changes, 
organic polymers with conductive properties (CPs), and sensors 
using solid electrolytes (Wawrzyniak, 2023), and fiber-optic 
sensors, contribute to the efficiency of e-noses (Iyovo et al., 
2010). MOX sensors, widely employed in commercial settings, 
operate by sensing shifts in the oxide's conductivity upon contact 
with gases that either oxidize or reduce. This triggers surface-
level redox reactions (Calvini and Pigani, 2022). At temperatures 
between 100 and 500 °C, MOX exhibits significant interaction 
with the atmosphere, a phenomenon known as biosorption, 
which involves the adsorption of various ions, including O2- and 
O- (Barsan and Weimar, 2001). At moderately low operational 
temperatures, generally under 200 °C, the primary mechanism 
involves the attachment of electrons to oxygen molecules (O₂⁻) 
on the surface of metal oxide (MOX), leading to the creation of 
O₂⁻ ions (Bhati et al., 2021). At higher operational temperatures, 
typically above 250 °C, a more intricate dissociation mechanism 
takes place. Increased thermal energy promotes the splitting of 
oxygen molecules, leading to the generation of oxygen ions and 
the liberation of electrons from the conduction band of the MOX 
structure (Bhati et al., 2021). 

MOS are crucial components in gas sensing technologies and 
are categorized into two main types depending on their 
dominant charge carriers. N-type MOS materials, like zinc oxide 
(ZnO), primarily utilize electrons as their key charge carriers 
(Jing and Zhan, 2008), In2O3 (Yao et al., 2023), Fe3O2 (Xie et al., 
2023), TiO2 (Gupta et al., 2023), WO3 (Megersa et al., 2023) and 
SnO2 (Yang et al., 2022), exhibit electrons as their main carriers, 
while p-type semiconductors, such as NiO (Qin et al., 2023), 
Co3O4 (Guo et al., 2023), Cr2O3 (Yao et al., 2023), Mn3O4 (Tarighi 
et al., 2024) and CuO (Tsymbalenko et al., 2023), have holes as 
their main carriers. 

 

4. E-nose Intelligence: Algorithms and Visualization 

 
Electronic sensing serves as a fundamental element in e-nose 

systems, often considered the brain of the technology. Among the 
recognition methods employed in e-noses, PCA stands out as a 
common tool for analyzing data and identifying patterns (Borràs 
et al., 2015), as well as linear discriminant analysis (LDA) 
(Zakaria et al., 2012), partial least squares regression (PLSR) 
(Abdi, 2010), support vector machines (SVM) (Guermoui et al., 
2022), and ANN (Darvishi et al., 2024). 

 
5. Application Areas 

Over time, e-nose systems have seen considerable progress 
and thorough testing in numerous applications. By examining a 
range of uses and presenting key instances, the review 
emphasizes the adaptability and innovative impact of e-nose 
technology. 

 

5.1 Applications in food sectors 
E-noses have become essential and highly adaptable tools in 

the food sector, offering diverse applications that greatly improve 
quality control, traceability, process efficiency, and waste 
management. Their ability to evaluate the quality and source of 
products in industries like olive oil and green tea has proven to 
be a valuable resource (Ordoñez-Araque et al., 2020). These 
olfactory systems facilitate the accurate classification of products 
based on their unique quality characteristics. 

Precisely evaluating food freshness is a key goal in 
minimizing food waste and safeguarding consumer health. In this 
regard, e-noses are becoming essential tools, providing a 
versatile method for tracing the intricate patterns of odor shifts 
linked to food degradation. Systems incorporating semiconductor 
thin-film sensors and dynamic principal component analysis 
(DPCA) have effectively been used to accurately track freshness 
decline in milk (Phukkaphan et al., 2021). In addition to milk, e-
noses are also effective across various meat types, such as beef, 
poultry, and fish. These sophisticated systems allow for accurate 
spoilage evaluation by identifying volatile organic compounds 
(VOCs) released as meat breaks down (Timsorn et al., 2016).  

By identifying the unique odors released by different meats 
as they spoil, e-noses act as essential tools for spotting early 
spoilage indicators, reducing health hazards, and supporting 
efforts to minimize food waste. Incorporating e-nose sensors into 
packaging materials marks a revolutionary step in tackling food 
waste. This cutting-edge method allows for ongoing tracking of 
packaged food quality, addressing a major issue: the lack of 
clarity about product freshness and safety before consumption. 
Offering real-time updates on a product's status to producers, 
distributors, and consumers throughout its lifecycle, this 
technology enables prompt actions and well-informed choices. 

 
5.2 Environmental monitoring 

E-noses are employed in various environmental applications, 
covering several key areas: tracking and examining air quality 
indicators, evaluating water conditions, boosting efficiency in 
process management, ensuring worker safety, especially in 
enclosed industrial environments like factories and mines, and 
analyzing the effectiveness of odor management systems 
(Eusebio et al., 2016). In various fields, e-noses function as 
effective substitutes or supplementary tools to traditional 
analytical methods. For example, in air quality assessment, an e-
nose equipped with MOX sensors can be paired with gas 
chromatography to detect and measure a broad spectrum of 
pollutants (Özmen and Dog̃an, 2009). Likewise, e-noses provide 
an economical and creative approach to overseeing processes 
that are difficult to control with conventional, labor-intensive 
analytical techniques. For example, avoiding unwanted anaerobic 
conditions in composting operations requires monitoring critical 
factors like temperature, oxygen concentration, pH, and 
microbial activity (Romain et al., 2005). 

E-noses function as both supplements and substitutes for 
conventional analytical techniques, while also providing the 
distinct ability to evaluate and categorize odors, a key factor in 
measuring olfactory perception. Consequently, specialized 
assessment methods are employed to ensure precise and 
quantitative odor analysis.  Ensuring the safety of coal miners has 
been a primary driver behind the advancement of gas sensor 
technology. In the past, the coal mining sector encountered major 
obstacles due to the presence of dangerous gases like hydrogen 
sulfide (H2S) and methane (CH4) within mine environments 
(Heriyadi et al., 2021). In the modern era, e-noses mark a pivotal 
advancement in this ongoing evolution. Equipped with cutting-
edge gas sensors, these tools enable accurate, real-time 
identification of diverse volatile substances and gases. For 
example, they support uninterrupted air quality surveillance in 
cities, notifying officials about contaminants like nitrogen 
dioxide, sulfur dioxide, and ozone (Castelli et al., 2020). 
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A recent study introduced a novel e-nose system designed for 
safety monitoring in refinery settings. The work emphasized the 
early and widespread detection of dangerous gas combinations 
through a sensor array. The system incorporates sophisticated 
algorithms for identifying gas types, estimating concentrations, 
and issuing alerts based on predefined thresholds, all while 
considering essential variables like oxygen content, temperature, 
and humidity. This research underscores the promise of 
affordable e-nose solutions for extensive surveillance of 
hazardous environments in industrial applications (Pace et al., 
2012). 

A critical and comparative review of odor assessment 
methods in landfills was conducted (Capelli et al., 2008). This 
study provides valuable insights into the complex nature of odor 
emission assessment through the use of chemical analysis, 
dynamic olfactory sensing, and e-noses (Gostelow et al., 2001). 
Every approach has unique features that allow it to reveal the 
makeup of odors via chemical examination. For example, e-nose 
systems are used to track surrounding air continuously, offering 
data on the levels of temporary odor exposure near landfill 
boundaries and locations (Capelli et al., 2008). Figure 2 shows an 
example of an e-nose (Eusebio et al., 2016). E-nose systems are 
also employed for the in-depth assessment of multiple factors 
linked to environmental odor sources and air contamination. 
These tools address a wide range of origins, such as landfills, 
wastewater treatment facilities, incinerators, composting sites, 
and livestock operations. A detailed examination of these varied 
uses is comprehensively outlined in Table 2. 

 
5.3 Disease diagnosis 

The distinct odor profiles identified by e-noses originate from 
specific metabolic pathways associated with various diseases. 
For example, in diabetes, VOCs such as acetone, ethanol, and 
isoprene are generated as metabolic byproducts of abnormal 
glucose metabolism (Belizário et al., 2021), reflecting processes 
like ketogenesis and glycolysis. Similarly, lung infections release 
VOCs such as nitric oxide and volatile fatty acids due to 
inflammatory responses triggered by bacterial or viral 
pathogens. In certain cancers, metabolic dysregulation results in 
the production of unique VOC signatures (Pan and Yang, 2007). 
Grasping these unique metabolic pathways and their 
corresponding VOC patterns will enable the creation of more 
accurate diagnostic methods utilizing e-noses. This progress will 
result in quicker diagnoses and enhanced intervention 
techniques, ultimately leading to better patient outcomes (Xiang 
et al., 2021).  

 

5.4 Human clinical pathology 
The domain of clinical pathology and diagnostic medicine has 

seen remarkable progress in creating advanced electronic 
techniques and strategies designed to enhance the precision and 
efficiency of early disease detection in humans (Tiele et al., 

2019). Given the increasing incidence of gastrointestinal (GI) 
disorders, improving the detection of inflammatory bowel 
disease (IBD), such as Crohn’s disease (CD) and ulcerative colitis 
(UC), has emerged as a key research priority. IBD is a persistent 
and recurring disorder characterized by inflammation of the 
intestines, leading to symptoms like abdominal pain, diarrhea, 
nausea, exhaustion, and weight reduction. Importantly, UC 
mainly affects the colon, whereas CD can involve any part of the 
digestive system, highlighting the need for timely and precise 
diagnosis to prevent further complications (Zang et al., 2023). 

Nevertheless, diagnosing IBD presents several hurdles. 
Existing methods often involve invasive and costly techniques, 
such as endoscopic evaluations, imaging of the lower 
gastrointestinal tract, tissue analysis, and the measurement of 
inflammatory markers in stool samples (Zang et al., 2023). 

Amid the challenges, recent research has unveiled promising 
avenues for diagnosing IBD, particularly through the analysis of 
VOCs in exhaled breath. A breath analysis study was conducted 
using an experimental e-nose (Wolf eNose) and a commercial gas 
chromatography-ion mobility spectrometer (G.A.S. BreathSpec 
GC-IMS). The findings underscored the significance of specific 
VOCs, such as butanoic acid and acetic acid, in differentiating IBD 
patients from healthy individuals (Tiele et al., 2019). 

In the study of urinary tract infections, e-noses have been 
employed to examine urine samples, both directly and after brief 
incubation in test tube systems that simulate complex 
environments (Kodogiannis and Wadge, 2005). One study 
reported the successful differentiation of infected and non-
infected urine samples containing Escherichia coli, Proteus 
mirabilis, and Staphylococcus species using an e-nose (Esfahani 
et al., 2016). This highlights the potential of e-noses in 
revolutionizing medical diagnostics and deepening our 
understanding of microbial complexity. 

 
 

 
Figure 2. (a) E-noses used in the laboratory and (b) EOS 507 in the field

 
Table 1. Applications of an e-nose for environmental odor monitoring 
A place where 
bad smell is 
emitted 

Sensor type Description and results Reference 

Landfill areas 6-8 Tin oxide sensor 
It creates an e-nose-based system for continuous odor monitoring at specific 
receptors. 

Sironi et al. 
(2007) 

Waste 
incinerator 

Chemosensor system with 
microbalance quartz sensors 

A novel odor vector system utilizing microbalance quartz sensors coated with gas 
chromatography stationary phases effectively monitored odors in a waste 
incineration plant. A strong correlation was observed between the specific sensor 
responses and odor concentrations in the range of 0 to 500 ou/m³. 

Haas et al. 
(2007) 

Compost plant 6 Tin oxide sensor 

This study involves real-time monitoring of compost odor emissions using a self-
made e-nose consisting of a sensor with six tin oxide gas sensors. The system 
effectively detects compost odor, estimates the emission rate, and uses supervised 
data processing methods for identification. 

Nicolas et al. 
(2006) 

Poultry farm 

 12 sensors (MOS, hybrid, tin 
dioxide, tungsten oxide) with 
humidity and temperature 
sensors 

A portable e-nose for measuring odors in livestock and poultry farms, which 
includes 14 gas sensors, a humidity sensor, and a temperature sensor to detect 
odor compounds in the farm. Artificial intelligence is used for better odor control 
decisions, predicting odors with high accuracy (R = 0.93). 

Pan and 
Yang (2007) 
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Detecting VOCs in breath using e-nose technology to diagnose 
respiratory diseases such as chronic obstructive pulmonary 
disease (COPD) presents several challenges. The exhaled breath 
is composed of various VOCs from metabolic processes, 
environmental exposure, and physiological factors, which 
complicates the isolation of COPD-specific VOCs. A significant 
challenge is the background noise present in breath samples, 
consisting of numerous VOCs not related to the respiratory 
condition under study (Fens et al., 2011). Additionally, variations 
in VOC concentrations in breath samples from COPD patients 
may stem from factors such as disease severity, comorbidities, 
and individual physiological differences. This variability, coupled 
with confounding factors like environmental pollutants, dietary 
influences, and medications, complicates breath analysis. As a 
result, meticulous consideration and advanced data 
preprocessing techniques are essential to minimize their impact 
on the analysis outcomes. 

 
6. Challenges 

 
The growing prominence of e-nose technology for detection 

and classification has revealed a complex web of challenges 
across critical fields such as healthcare, environmental 
monitoring, food safety, and industrial applications. These 
challenges are multifaceted, involving key issues like sensor 
sensitivity, selectivity, data accuracy, and system integration, all 
of which require careful attention to ensure the smooth 
implementation of e-nose systems. One major hurdle is 
developing sensors that can accurately detect and distinguish a 
wide range of VOCs, especially in complex mixtures. Additionally, 
integrating e-nose systems with existing technologies—such as 
electronic health records or industrial automation platforms—
requires overcoming interoperability and data communication 
barriers. 

Data processing and analysis further complicate matters, as 
e-noses generate large volumes of data that demand advanced 
algorithms and machine learning models for accurate 
interpretation. Acquiring sufficient training datasets for these 
models, particularly for rare or emerging compounds, remains a 
significant challenge. Regulatory and standardization issues also 
hinder widespread adoption, as establishing industry-wide 
standards for performance and calibration is essential to build 
trust and ensure reliability. Finally, the high costs associated with 
research, development, and production limit accessibility, 
especially for smaller organizations or developing regions. 
Addressing these challenges requires collaborative efforts among 
researchers, industry stakeholders, and policymakers to unlock 
the full potential of e-nose technology and enable its 
transformative impact across various sectors. 

Data challenges. In the era of big data, the information 
collected varies significantly due to differences in experimental 
and analytical setups. Obtaining labeled data for e-nose systems 
is both labor-intensive and time-consuming. Relying on a limited 
amount of labeled data for classification, especially in large-scale 
applications, often leads to oversimplified and unreliable models. 
Additionally, addressing data drift—where data changes over 
time or comes from diverse sources—poses considerable 
challenges (Tiele et al., 2019). Ensuring accurate and uniform 
data collection across various fields is a complex task, which in 
turn impacts the dependability of classification models. 

Technical intricacies. E-nose sensor arrays utilize a variety 
of partially overlapping sensors to measure volatile compounds 
in sample headspaces. The primary challenge lies in optimizing 
these sensors to produce accurate odor fingerprints. 
Temperature modulation, which depends on sensor temperature 
and heating voltage, plays a crucial role in e-nose performance. It 
is essential to carefully differentiate between static and dynamic 

temperature modulation in temperature-controlled e-nose 
systems (Ren et al., 2024). 

Sample size challenges. Gas detection operates based on 
changes in electrical resistance within metal oxide sensors. These 
changes are affected by several factors, such as sensor sensitivity, 
environmental conditions, sensor lifespan, and device precision. 
Consequently, new data can differ significantly from older data, 
making previously developed models ineffective. To tackle this 
issue, it is crucial to carefully manage both the volume and 
composition of the data (Tiele et al., 2019). Additionally, the 
number of samples, the characteristics of the data, and 
supplementary information can impact the methods used to test 
the models. If we use too few samples to build a model, the 
results may become unpredictable and unreliable. 

Feature extraction challenges. Feature extraction is a 
crucial step in e-nose systems, as it involves transforming high-
dimensional data into a lower-dimensional subspace. This 
process retains essential structures and enhances discriminative 
capabilities (Zhang and Zhang, 2018). Although deep learning 
methods have been applied to extract features from unlabeled 
gas samples (Sun et al., 2022), identifying the optimal 
combination of extracted features and preprocessing techniques 
remains a significant challenge. Extracting meaningful insights 
from sensor responses while maintaining data integrity and 
improving model efficiency is a complex task (Borràs et al., 
2015). 

 
7. Conclusions 

 
E-nose technology offers a promising avenue for innovation 

with vast potential across various sectors, from ensuring food 
safety to enhancing environmental monitoring and healthcare 
diagnostics—including the non-invasive early detection of 
diseases in plants and animals. The adaptability and efficiency of 
e-noses make them a groundbreaking tool for analyzing complex 
gaseous mixtures of VOCs, providing comprehensive metabolite 
profiles that are highly valuable in healthcare settings. While e-
nose devices are increasingly gaining attention from healthcare 
providers, several key challenges in disease diagnosis and 
identification must be addressed. Developing robust e-nose 
databases for disease diagnosis, identifying unique VOC 
signatures, expanding clinical applications, and advancing 
diagnostic electronics and software are critical steps for 
widespread adoption and integration into clinical practice. 

In essence, continued research and innovation are essential 
to maximize the accuracy, reliability, and effectiveness of e-nose 
devices as critical tools in clinical diagnosis. With focused efforts 
and advancements in various aspects of e-nose technology, these 
devices have the potential to revolutionize disease diagnosis and 
monitoring in healthcare settings worldwide. The diagnosis of 
IBD, including CD and UC, is particularly significant, as early 
detection is crucial for patients. Current diagnostic methods—
such as endoscopy, imaging, histological examination, and 
inflammatory biomarker analysis—are expensive, time-
consuming, and often uncomfortable for patients. The e-nose 
offers a promising alternative for early and cost-effective 
diagnosis, potentially replacing these conventional methods. 
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