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Abstract: UV-Vis spectrophotometry has become a common and very practical tool in food quality
control because it is quick, simple to use, and sensitive enough for everyday analyses. With this
technique, laboratories can easily check the levels of nutrients, colorants, additives, and natural
pigments in different food products. It is also frequently used to screen for possible contaminants,
detect signs of adulteration, and observe how products change during processing or storage. In the
context of quality management, UV-Vis helps laboratories make informed decisions and stay aligned
with standards such as HACCP, ISO 22000, and ISO/IEC 17025. These systems depend heavily on
reliable analytical results to identify potential hazards, confirm critical control points, and keep
product specifications stable over time. Although its selectivity is lower than that of more advanced
chromatographic methods like HPLC or GC, UV-Vis remains widely used because it is affordable,
fast, and requires minimal preparation. This review summarizes the fundamental principles of UV-
Vis spectrophotometry, discusses its key applications across different food categories, and illustrates
how the method contributes to quality management and food safety in modern production. The paper
also emphasizes its broad role in ensuring product safety and its ongoing relevance as part of
integrated quality management systems.

Keywords: UV-Vis spectrophotometry, Food, Quality, Control, Analysis, Safety, Analytical
methods, Monitoring

INTRODUCTION

Safety of the food is vital to food businesses and protects consumers from possible health-
related threats. Quality of food is the basis of several concepts including the organoleptic
qualities of food (smell, taste, sight) and their nutritional value. In addition to quality of
food, food safety provides producers with information necessary to reduce the risk of
contamination of their products by potentially dangerous microorganisms (and/or other
hazards) via the use of food safety procedures. Ultraviolet-visible spectrophotometry has
become an essential analytical technique for quality control and management in the food
industry (Rocio Rios-Reina, 2023). Ultraviolet-visible spectrophotometry is one of the
many analytical techniques available for the measurement of the absorption (or
transmission) of light within a specific wavelength (range between 200 nm to 700 nm) by
a sample and is primarily used to determine the qualitative and quantitative analysis of the
chemical components present in a sample. Using Beer-Lambert Law, this analytical
technique measures the amount of light absorbed by the chemical components that are
responsible for the qualitative and quantitative identification of the chemical components
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(nutrients, colorants, additives, contaminants etc.) present in the sample. The amount of
light absorbed is directly proportional to the number of chemical component(s) that cause
the light to be absorbed by the sample.

A=¢-cl
A = absorbance
€ = molar absorptivity coefficient (L-mol™-cm™)
¢ = concentration of the analyte (mol-L™")
1 = path length of the cuvette (cm)

As aresult of its simplicity, rapidity, low cost, and nondestructive nature, ultraviolet-visible
spectrophotometry has been widely applied in both qualitative and quantitative analyses in
the food industry. For example, ultraviolet-visible spectrophotometry has been used to
detect adulterations (e.g. dilutions or contaminants), quantify additive levels (preservatives,
dyes), and monitor changes resulting from processing.

This review highlights the principles behind ultraviolet-visible spectrophotometry and
emphasizes its qualitative (presence/absence and fingerprinting) and quantitative
applications in different areas of the food industry, using examples of recent studies and
current practices in the food industry.

A UV-Vis spectrophotometer uses a light source that includes a deuterium lamp for the
ultraviolet spectrum and a tungsten lamp for the visible spectrum, and the monochromator
selects a wavelength for which to allow the selected wavelength of radiation to pass through
the sample. As a result of this requirement, the sample must be clear or transparent, thereby
requiring extraction or dilution before analysis if the sample is solid or contains suspended
particles. Calibration curves established from known concentrations of standards must be
prepared prior to quantitative analysis.

In addition to ensuring food safety and quality, the implementation of ISO 9001, HACCP,
and other quality standards in laboratory practice - especially in UV-Vis spectrophotometry
- represents a fundamental aspect for regulatory compliance in the food industry. These
standards define the functions of laboratories, provide guidelines for validating analytical
methods, and describe the presentation of analytical data that will support decision-making
in the food industry.

Application of UV-Vis Spectrophotometry in Quality Control
Dairy Products

For instance, using UV-Vis spectrophotometry, Xie et al. (2015) proposed the development
of a rapid and sensitive colorimetric method called UV quantification for the detection of
melamine (MEL) in milk samples. This method was based on the aggregation of gold
nanoparticles (AuNPs) induced by the interaction of AuNPs with MEL, causing the AuNPs
to change from red to purple. Results indicated that the amount of MEL present in milk
samples could be determined in approximately 15 min, with a minimum limit of detection
of 2 ppm (Xie et al., 2015).
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With respect to hazardous substances, the UV-Vis spectrophotometer plays an additional
role in investigating the stability of nutrients in milk (Mohamed and Farag, 2022). It
assesses the interactions between milk proteins and some lipophilic nutrients such as lutein
using UV studies at 500 nm, in terms of changes in turbidity. Since the aromatic amino
acids contained in milk proteins absorb light at 280 nm, the amount of protein in milk can
be easily measured.

Beverages (Alcoholic and Non-Alcoholic)

The use of UV-Vis spectroscopy in the quality control of alcoholic and non-alcoholic
beverages is widespread because of its rapidity, simplicity, and adherence to industry
standards. The UV-Vis technique has standard procedures for determining many important
features of beverages. Beer brewing is one of the most well-known uses of UV-Vis, in
particular for determining the color and bitterness of beer. Isooctane extracts hop-derived
iso-alpha-acids, and the amount of these compounds present in isooctane is determined by
measuring the absorbance at approximately 275 nm (the International Bitterness Unit
(IBU)). It allows the brewer to determine the exact amount of substances that contribute to
the bitter taste of the beer (Do Nascimento et al., 2021).

In winemaking, UV-Vis is also critical for tracking the color and phenolic content of wines
(Onache et al., 2023). The absorption of total phenols occurs about 280 nm, whereas the
absorption of anthocyanin, which contributes to the color of red wine, occurs in the visible
spectrum at wavelengths of 520-540 nm. Therefore, UV-Vis enables rapid determination of
the polyphenol content and color strength of wine. Some researchers have even used
multivariate statistical analysis (i.e. PCA) in combination with complete UV spectra (200-
600 nm) to identify grape varieties and vintages based on the specific phenolic fingerprint
of each.

Fruit juice clarity and haze are other important quality parameters that affect the visual
appearance and acceptance of fruit juices (Pappalardo, 2022). Caffeine absorbs strongly at
about 273 nm; therefore UV-Vis is often used to measure caffeine in non-alcoholic
beverages, i.e., coffee and tea. Colorimetric techniques using UV-based methodology are
also commonly used to perform routine color monitoring to ensure product consistency.

Modern breweries mainly rely on UV-Vis sensors to rapidly and effectively monitor a
variety of quality indicators such as color, bitterness, carbohydrate content, polyphenol
content, and even sulfite concentration. All things being equal, UV-Vis is a key analytical
instrument for ensuring the quality of beverages as it provides rapid, reagent-free assays
that often meet or exceed regulatory requirements.

Vegetable Oils and Fats

UV-Vis spectroscopy is a valuable method for evaluating the quality of edible vegetable
oils and for detecting adulterations. Vegetable oils such as olives and sunflowers contain
natural UV-absorbing compounds such as chlorophyll and carotenoids. Additionally, when
oils undergo degradation - especially oxidation - conjugated compounds are formed that
also absorb UV light. For example, conjugated diene formation, indicative of early
oxidation products, results in absorbance at approximately 232 nm, whereas conjugated
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triene formation, indicative of later stage oxidation, results in absorbance at approximately
270 nm, and thus UV-Vis spectroscopy can be used to evaluate rancidity.

A study demonstrated how UV-Vis, in combination with multivariate analysis (MCR-ALS),
can follow the decrease of a-tocopherol (vitamin E) in oils as they are heated (Gongalves
et al., 2014). As the level of antioxidants decreases, the level of UV-absorbing oxidation
products increases, demonstrating that UV-Vis can evaluate both the degradation of oils
and the nutrient loss during frying process.

UV-Vis is also utilized to measure the levels of pigments in oils. Chlorophyll absorbs
strongly at a wavelength of 670 nm, whereas carotenoids absorb at wavelengths of 450-
480 nm. By measuring the absorbance at these wavelengths, the degree of freshness and
type of oil can be assessed. UV-Vis assays have been used to measure total chlorophyll and
carotenoids in olive oils, resulting in distinct differences in the fresh and extra-fresh grades
(Borello and Domenici, 2019).

Another significant application of UV-Vis is the detection of adulteration. When UV-Vis
spectra collected between 200-700 nm are analyzed using chemometric techniques, they
can differentiate between pure olive oil and mixtures containing lower-cost seed oils such
as sunflower, corn, or canola. Research shows that even portable UV-Vis instruments can
detect adulteration levels of 10% or higher due to variations in the patterns of oxidation of
fatty acids and in the pigment content. More sophisticated techniques, such as
photoionization IMS (PIIMS), have further decreased detection limits, allowing for the
identification of olive oil adulteration at levels comparable to 10%, within a time frame of
less than 20 minutes (Garrido-Delgado et al., 2018).

In conclusion, UV-Vis spectroscopy offers a fast, environmentally friendly means for
screening oils for oxidative stability, freshness and purity. However, for detecting very low
levels of adulteration (less than 5%), more sensitive analytical techniques will likely be
required.

Grains and Cereals

UV-VIS Spectroscopy has very low frequency of application in Grain/Cereal analysis, yet
it is an important tool for that type of food. Examples include measurement of specific
pigments and some of the nutrients found in Grains (Yisak, 2022); the antioxidant
properties, including polyphenols; and the mineral properties of flours (Ja¢imovi¢ et al.,
2023) that exhibit absorption in the ultraviolet spectrum and therefore may be utilized to
assess flour quality. UV-VIS is also an important tool in determining protein concentrations
in Flour by employing Colorimetric Assays. An example of a common assay is the Biuret
Reaction (which creates a Violet colored Complex that can be measured at 540-560 nm).

UV-VIS is also a useful tool in contaminant analysis. Many toxic mycotoxins (such as
Aflatoxins and Ochratoxins) display a High level of UV Absorbance; therefore, UV-VIS is
a viable Rapid Screening Method and/or can be employed as a Detector in more
sophisticated procedures such as HPLC.
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High End Methods such as HPLC or LC-MS are considered the Gold Standard for Toxin
Detection; however, UV-VIS can provide initial, rapid insights into the presence of Toxins
that contain Conjugated Double Bonds.

Additionally, researchers have successfully applied Chemometric Techniques utilizing UV-
VIS Spectral Data to Identify Adulteration in Milled Products such as Bread/Flour, e.g.,
Wheat Flour blended with lower cost Grains such as Barley.

UV-VIS performs a more defined role in Grain Analysis generally, typically supporting
other established methods for Protein Level Determinations, Sugar Content
Determinations, or Contaminant Testing.

Other Foods (Honey, Spices, etc.)

UV-Vis Spectrophotometry is not limited to General Food Analysis; UV-Vis is also gaining
utility for Specialty Foods such as Honey and Spices. Honey is known for being a
Superfood containing a wealth of Nutrients along with its High Sugar Content and
Polyphenols as part of its Distinct Secondary Metabolite Bioactive Composition (Ansari et
al., 2018). These make UV-VIS a rapid and efficient Tool for Honey Authentication.

For Spices and Extracts, UV-VIS can aid in Identifying and Quantifying Key Active
Compounds. UV-VIS measures Curcumin in Turmeric at 425nm and Capsaicinoids in Chili
Peppers near 280nm. UV-VIS can also Identify Illegal Dyed Products that have been
Tampered with. Food Colorants, whether Natural or Synthetic, are commonly Analyzed
with this Method. Dyed Products such as Tartrazine and Sunset Yellow absorb Strongly in
the Visible Spectrum, making them Easy to Detect and Quantify. In summary, UV-VIS
Spectrophotometry is a valuable Addition to Food Testing, allowing the monitoring of
Color, Additives and Product Purity in everything from Honey to Spices.

UV-Vis Spectrophotometry in Food Quality Management Systems

To ensure that analytical information generated in food laboratories accurately and reliably
reflects the quality of food products, UV-Vis spectrophotometry should be implemented in
conjunction with quality management systems (QM). International Standards (2017, 2018)
and Regulations Provide Frameworks for QM in Food Laboratories. Key to establishing a
quality management system is compliance with relevant international standards and
regulations that guide the establishment of laboratory quality management systems.

ISO/IEC 17025 - General Requirements for Testing and Calibration Laboratories

In addition to providing guidelines for general laboratory operations, including proficiency,
objectivity and reliable performance of laboratories, ISO/IEC 17025:2017 provides
specific guidance for ensuring that UV-VIS spectrophotometers have been properly
calibrated, validated and maintained.

Applicability to UV-Vis Spectrophotometry:

* The standard requires that UV-Vis methods use documented Standard Operating
Procedures (SOPs) and reference materials that are traceable,
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* The standard requires that all UV-Vis methods undergo thorough validation and include
assessments of quantitative capability (LOQ), linearity, accuracy, precision and LOD,

* By requiring that laboratories utilize QC samples regularly and participate in proficiency
testing programs for UV-Vis, the standard supports the reliability of UV-Vis data and
facilitates comparison among laboratories.

HACCEP - Hazard Analysis and Critical Control Points

The purpose of a HACCP (www.fao.org/4/y1579¢/y1579¢03.htm ) food safety system is to
identify, evaluate and control physical, chemical and biological hazards in the food
processing environment. In many cases, the use of UV-Vis spectrophotometry can be useful
in the development of HACCP plans, particularly at CCPs. Ensuring that the analytical data
generated from UV-Vis is properly documented and traced, may be beneficial in using UV-
Vis as a CCP verification tool. Additionally, UV-Vis can assist in verifying control measures
by detecting spoilage indicators or oxidation products in fats and oils.

ISO 22000 - Food Safety Management Systems

ISO 22000:2018 builds upon HACCP principles but goes further by providing the
requirements for a Food Safety Management System (FSMS) and provides for certification
against it. ISO 22000:2018 defines the steps organizations need to take to demonstrate their
ability to manage food safety risks so that they can produce food that is safe to eat. ISO
22000:2018 also ensures that laboratory data generated during the use of UV-Vis
instruments is reliable and supports informed decisions related to food safety. UV-Vis
methods can be utilized to monitor chemical contaminants in foods that affect food safety
including mycotoxins, food colorants, and preservatives.

Good Laboratory Practice (GLP) and Good Manufacturing Practice (GMP)

In addition to verifying that raw materials and final products meet established standards,
and that labeling claims are accurate, GLP validation of UV-Vis methods ensures that these
methods are both reliable and reproducible and that all aspects of the methods have been
documented.

Advantages and Limitations of UV-Vis Spectrophotometry in Food Analysis

UV-Vis spectrophotometry is widely used for food quality control due to numerous
advantages of this technique, including speed, affordability, and flexibility. Using a single
instrument, UV-Vis spectrophotometers measure color, clarity, and concentration of
samples with minimal sample preparation. This technique is non-destructive and produces
results within seconds to minutes, making it ideal for continuous monitoring of food
quality.

One of the major advantages of UV-Vis spectrophotometry is accessibility. Portable
systems are common today and allow for on-site testing in food processing plants or in the
field; this technology requires minimal consumable supplies, typically limited to solvents
or simple reagents. Full-scan UV-Vis methods are particularly advantageous for developing
“fingerprints” for new products and can measure multiple analytes simultaneously.
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Like any analytical method, however, UV-Vis has limitations. Derivatization or other forms
of treatment may be required when analyzing compounds that do not absorb radiation in
the visible or ultraviolet regions of the electromagnetic spectrum, i.e., many sugars and
salts. Generally, UV-Vis methods have less sensitivity and specificity than more
sophisticated techniques, e.g., mass spectrometry or chromatography. Additionally, broad,
overlapping absorption bands are often observed in UV-Vis spectra, which complicates
identification of specific ingredients in complex food matrices. Turbidity, light scattering
caused by emulsified fat, and matrix effects can all interfere with UV-Vis measurements,
and careful construction of calibration curves must be performed to obtain accurate results.
UV-Vis may lack the detection limits needed to detect trace levels of contaminants, or
subtle adulteration in foods. While UV-Vis is an excellent tool for quality control, its lack
of discriminative power compared to more advanced spectral technologies, as noted by
Farag et al., precludes it from being a standalone method. Therefore, UV-Vis is often used
as a screening tool, with subsequent confirmatory analysis using more sensitive methods
(e.g., PCR, HPLC).

CONCLUSION

UV-Vis spectrophotometry continues to be an important and versatile tool in quality
assurance (QA) programs in the food industry. Its ability to rapidly and cost-effectively
assess color, concentration, and compositional fingerprints makes it a valuable tool for
many types of food and beverage products, including dairy, meat, beverages, oils, grains,
and specialty foods. The fundamental benefits of UV-Vis spectrophotometry make it well-
suited for both routine QA and process monitoring; these include speed, ease-of-use, and
low operating costs.

The inclusion of UV-Vis spectrophotometry into larger quality management frameworks,
such as ISO/IEC 17025, ISO 22000, HACCP, and GMP, will provide traceable, verifiable
information that supports both food safety and regulatory compliance. Specifically:

Maintaining the sensory attributes and consistency of the product,
Validating the labeling and nutritional claims of the product,
Detecting contaminants and adulterants,

Improving recordkeeping and audit preparation.

While UV-Vis is a reliable screening technique, users should remain aware of the
limitations of UV-Vis spectrophotometry particularly concerning its sensitivity, specificity
and potential for matrix effects. Ultimately, UV-Vis spectrophotometry enhances food
safety, builds consumer confidence and enables continuous development of food quality
control systems within the global supply chain.
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