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Abstract. Ensuring food safety and quality is a worldwide issue that demands swift, 
dependable, and non-invasive assessment techniques. Traditional analytical methods 
like chromatography and mass spectrometry, while precise, are destructive, labour-
intensive, and not ideal for real-time industrial use. Hyperspectral Imaging (HSI), 
which combines imaging and spectroscopy, has emerged as a promising optical 
sensing method that captures both spatial and spectral data across numerous adjacent 
wavelength bands. This dual capability enables in-depth analysis of the chemical 
composition, physical structure, and contaminant identification in food matrices. This 

paper presents the core principles, components, and data-acquisition techniques of 
HSI, highlighting its benefits over conventional RGB, NIR, and multispectral imaging 
systems. Additionally, it delves into recent uses of HSI in assessing food quality, such 
as detecting adulteration, estimating moisture and protein levels, and analysing 
microbial contamination. HSI, combined with machine learning and deep learning, 
has amplified its potential for automated, real-time quality inspection and 
classification. Despite its benefits, industrial adoption is hindered by high system 
costs, data redundancy, and limited algorithmic generalisation. Future developments 
should aim at compact hardware design, effective spectral data reduction, and 

interpretable AI models for scalable implementation. In summary, HSI is a 
revolutionary, non-destructive approach to intelligent monitoring systems, promoting 
improved safety, authenticity, and sustainability in contemporary food production. 
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1. Introduction 

Food safety and quality have become global concerns due to the growth of 

food supply chains, increased consumer awareness, and rising incidents of 
adulteration. The foodborne risks and adulterants pose significant public 

health threats; consumers are increasingly seeking food products that are not 

only safe but also nutritious, fresh, and authentic (Ahmed, Monjur, et al., 

2025). Therefore, fulfilling these demands requires implementing a rapid, 

reliable, and precise quality-control strategy by both industry and regulatory 

bodies. Traditional food testing methods, such as chromatography, HPLC, 

GC, mass spectrometry, and classical wet chemistry, are well known for their 

accuracy and sensitivity (Saha et al., 2023). However, these techniques are 

destructive, labour-intensive, and not suitable for large-scale or real-time 

monitoring systems. These drawbacks have prompted the exploration of 

nondestructive, rapid, less labour-intensive, time-efficient technologies 

capable of continuous monitoring throughout the food supply chain. Various 
non-invasive techniques have been explored, including near-infrared 

spectroscopy (NIRS), X-ray imaging, E-nose, and machine vision. Among 

these, Hyperspectral Imaging (HSI) has garnered particular attention. HSI 

stands out as a nondestructive technique that combines imaging and 

spectroscopy to capture hundreds of spectral bands across the visible, near-

infrared, and short-wave infrared regions (Cheng et al., 2025; Manea & Calin, 

2015). This unique capability to deliver both spatial and spectral information 

enables a thorough assessment of food quality characteristics, including 

chemical composition, physical properties, and contaminant detection, all 

without damaging the samples. Over the past decade, the versatility of HSI 

has been demonstrated in a variety of food applications (Anderssen et al., 
2020; Cao et al., 2021; Çetin et al., 2022; Chen et al., 2023; Choi et al., 2024). 

These applications include evaluating the ripeness and freshness of produce, 

estimating protein and moisture content, assessing meat quality, detecting 

adulteration in products such as milk, oils, cereals, and spices and identifying 

foreign objects like stones, plastics, and insects, thus improving food safety 

(Gul et al., 2024; Kabir et al., 2025). As chemometric tools, machine learning, 

and deep learning become more integrated, HSI is evolving from a 

laboratory-based method to a practical solution for continuous, real-time 

monitoring during food processing. Furthermore, HSIs with artificial 

intelligence have garnered increasing interest, expanding their capabilities 

beyond traditional spectral analysis to become more sophisticated sensing 

tools for spatial structures and molecular compositions. These advancements 
are paving the way for the development of intelligent, automated inspection 

systems within the food processing sector (Ang & Seng, 2021; Mavani et al., 
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7. Conclusion 

Hyperspectral imaging represents a major shift in spectroscopy and imaging. 

It captures valuable spatial and spectral information for evaluating food 
quality and safety. Its ability to assess various attributes, including 

identification and classification of constituents, nutritional profiling, and 

adulteration detection, makes it a quick, reagent-free, and non-destructive 

tool that fits present food production needs. However, significant challenges 

still hinder industrial use of HSI. Issues like measurement variability due to 

changing environmental conditions, high setup costs, operational complexity, 

and heavy computational load from large hyperspectral datasets. Therefore, 

advances in models and algorithms tailored to specific food types and 

imaging conditions are crucial for improving prediction accuracy and 

reducing processing time. The shift from large and costly lab instruments to 

smaller, compact, field-deployable systems is also urgent. Emerging 

advancements, including environmental compensation modules, are making 
meaningful progress. Hybrid approaches, such as targeted multispectral 

imaging and RGB-based hyperspectral systems, may offer a practical 

solution that reduces data requirements while maintaining the characteristic 

chemical sensitivity of the HSI. The lack of standardised protocols for data 

collection, preprocessing and model validation, along with a shortage of 

publicly available reference datasets, creates a major barrier to 

reproducibility and comprehensive transparency. Therefore, developing 

guidelines and making datasets available on public platforms will be essential 

to accelerating the regulatory acceptance and practical use of HSI-based 

quality assurance systems. In the future, improvements in deep learning 

models, combined with hyperspectral databases, are expected to improve 
model performance and prediction accuracy across various food categories. 

Hence, exploring the combined use of HSI with other sensor technologies, 

such as fluorescence imaging, Raman spectroscopy, or X-ray CT, shows great 

promise for next-generation non-destructive analysis throughout the food 

production chain.  
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