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ABSTRACT:

Food adulteration has become an increasingly common problem across the globe, threatening
the safety, health, and consumer confidence in the whole process. This can happen
deliberately as a means to earn profits or can happen unknowingly due to the inefficiencies
caused by the environment. This review briefly describes the sources, risks, and current
technological solutions for detection. Chromatographic and analytical methods like HPLC,
GC-MS, and LCMS are highly sensitive and quantitative regarding the detection and
identification of known sources, whereas spectroscopy and chemometric characterization are
highly rapid and less destructive. The use of modern sensor-based technologies and E-nose
systems facilitate the process of on-site testing, whereas untargeted approaches like
metabolomics and stable isotope analysis improve authenticity testing. The role and sources

are further briefly explained in the following sections.

KEYWORDS: Food Safety, Chromatography, Spectroscopy, DNA Based Analysis,

Economic Gain, Synthetic Chemicals.

1. INTRODUCTION

One of its needs as an element of its system is for food, which is among its basic
requirements for maintaining its own health. For instance, where there is an
absence.However, safety and purity have nowadays become an international concern with the
growing adulteration of foods. Food adulteration is defined as an act of adding, substituting,

or abstraction of ingredients in food commodities in such a manner that the natural
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constitution of food and its quality are affected adversely. It is mostly done to increase profit
margins by adding cheaper inferior or harmful substances, thus misleading consumers and
causing grave risks to their health.

Food adulteration has been around for ages, but it has become a common practice due to the
increase in industrialization, urbanization, and consumption of processed foods in
packages.the scale and sophistication have increased. The adulteration can be done at any part
of the chain-production and processing, storage, transportation, retail. Milk, oils, spices,
honey, cereals, and confectionery items are common. Milk can be diluted with water, oil can
be replaced by other low-priced oils, and spices can include artificial coloring agents or
spurious quality powder.

The adulteration of foods leads to serious health problems. The health problems include
shortterm reactions, for instance, poisoning, vomiting, diarrhoea, and allergic reactions. But
the adverse effects of health problems caused by the adulteration of foods result in serious
diseases, for example, organ damage, cancer, hormonal disorders, and abnormalities. In
addition, the adulteration of foods, as well as their industries, affects the economy.

To effectively deal with this problem, it is necessary to understand various kinds of and
reasons behind food adulteration. In general, there is purposeful adulteration, wherein low-
quality materials are added with an intention of earning some cash, and accidental
adulteration, wherein it accidentally occurs owing to lack of care, unhygienic conditions, and
contact with contaminants while dealing with the food. There are other kinds of adulteration,
including metallic adulteration, wherein poisonous metal contamination is responsible, and
packing adulteration, wherein harmful chemicals leach into foods from packages.

The Governments and other organizations like FSSAI, WHO, and Codex Almentarius
Commission have formed rules and regulations to ensure the purity and quality of the food
being consumed by the masses. Advanced scientific methods like chromatography,
spectroscopy, and DNA analysis are also being employed for analyzing the presence of

adulterants with higher efficiency.

2. Classification of Food Adulteration

There are four categories in which food adulteration can be classified:

2.1 Intentional Adulteration

e Blending low-cost oils with pure ghee oil or olive oil

e Employment of synthetic dyes, including Sudan dye, in spices and chili powder.

e Examples:
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e Adding water or detergent to milk

2.2 Accidental (Unintentional) Contamination

This occurs inadvertently, as a result of negligence, poor personal hygiene practices, or poor
handling practices.

Examples:

e Contamination with pesticide residues, heavy metals, or microbial agents

e Accidental mixing of food grains with dust, dirt, or insects

2.3 Metallic Adulteration

This takes place when lead, mercury, or arsenic gets into the processed foods as a result of
industrial pollution or use of equipment.

Examples:

e Lead contamination in canned foods

e Arsenic in groundwater used for irrigation

2.4 Packaging or Processing Adulteration

Toxic substances from the packaging material or from the industrial processes may leach into
the food under high temperatures or acidic conditions.

Examples:

e Migration of plasticizers or heavy metals from packaging’s into food.

e Contamination from the use of unapproved food colours or preservatives.

3. Literature Review

s.no | Title Journal Author Method Results
1. “Modern Comprehensi Advanced
analytical ve Reviews in| Zhang et al. Chromatoara analytical
methods  for| Food (2017) g techniques such
H H « phy (HPLC’
the detection| Science and Modern as
; GC-MS),
of food fraud| Food analytical Spectroseo chromatography,
& adulteration| Safety methods for the| 2P Py spectroscopy,
. (FTIR,
by food detection DNA-based
NMR), DNA-
category of food based methods, and
fraud & Chem’ometric chemometrics
adulteration by s provide high
food category” sensitivity and
accuracy for
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detecting

food fraud
and  adulteration
across different

2. Food Journal of Physical and
Adulteration | Food chemical
and Some| Science and screening tests are
Methods of Nutrition Banti  (2020) | Physical, useful for
Detection, Research “Food chemical preliminary
Review” Adulteration screening detection of
and Some tests, adulterants, while
Methods of labbase| laboratory-based
Detection, d analytical analytical
Review” tests methods  ensure
accurate

confirmation off

food adulteration.

3. “Food Food Control Food adulteration
adulteration: leads to health
Causes, risks, risks and
and detection ) economic

) Kerie et al.
techniques— loss.
. (2024)  “Food, Chromatogra
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adulteration: phy, )
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Causes,  risks, Spectroscopy, ]
_ ) techniques
and  detection Electronic ) )
_ including
techniques— | sensors, etc
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review”

spectroscopy, and
electronic
sensors  improve

detection
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efficiency and
food safety
control.
Detection  of| Trends in Non-destructive
adulteration in Food analytical
food based onf Science & techniques such as
nondestructive | Technology | Review Near- near-infrared
analysis “Detection  off infrared, spectroscopy and
techniques adulteration in hyperspectral | hyperspectral
food based on imaging, imaging  enable
nondestructive | spectroscopic | rapid, reliable, and
analysis Sensors, eco-friendly
techniques:  a chemometric | detection of food
review” (2020) | s adulteration
without damaging
samples.
Selected food Journal of Adulteration  of]
items Food Safety selected food
adulteration, items has|

their  impacts

on public
health, and
detection

methods

Review
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their impacts on
public  health,
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detection
methods: A

review” (2023)
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and
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quality
and safety.
6. Research Food The  review
advances Analytical concludes that
in Methods MALDI-TOF MS
detection is a rapid,
of food sensitive, and
adulteration reliable
and technique for
application of Review detecting food
MALDI-TOF “Research adulteration.
MS advances in Compared to
detection off MALDI-TOF | conventional
food MS compared methods, it offers

adulteration and with  other | high accuracy,

application methods minimal  sample
of MALDITOH preparation, and
MS: A effective

review” (2024) identification  of]

adulterants,
thereby improving
food
quality

and safety.

4. Detection & Analytical Techniques for Food Adulteration

The hunt for food adulteration encompasses the detection of the existence, substitution,
dilution, or misrepresentation of any food constituent. The methods that have been employed
or used are diverse and come under broad classifications, each having special methodologies,

characteristics, and constraints. The main classification includes:
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4.1 Conventional

Certain methods, like High-Performance Liquid Chromatography and Gas Chromatography,

are often coupled with Mass Spectrometry for the separation of the constituent parts of a

mixture and the detection and quantitative determination of specific adulterants.

« When, for instance, an authenticity issue arises where food items such as olive oil have
been mixed with cheaper oil, the GC-MS test can easily detect the variations in fatty acids
or sterols.

There are also other chemical tests such as wet chemical indicators and simple

physicochemical tests such as density, refractive index, and iodine value.

Applications

« Synthetic dyes, Melamine in Milk, Mixture of cheaper edible oils, Honey mixed with
sugar syrups.

» Authentication regarding geographical origin or species through isotopic labeling (stable

elements) and element analysis.

Advantages
» High sensitivity and specificity; can quantify amounts of adulterants; provide definitive

“yes/no + how much” results.

Limitations
« Require advanced instrumentation, trained personnel, often destructively sample the food;
expensive; time-consuming sample preparation and analysis. Moreover, they usually

involve “target-based” activities (that is, you have to know what you're looking for).

4.2 Spectroscopic & Imaging Techniques Combined with Chemometrics

»  Spectroscopy:

Spectroscopic analysis methods involve interaction between electromagnetic radiation and a

sample of food: IR, NIR, Raman, UV-Vis, Fluorescence spectroscopy.

Alternatively, image-based techniques include hyperspectral imaging (HSI).

« They provide data that is either spectral or image and this data is analyzed through the use
of chemometrics and/or multivariate analysis methods, including principal component
analysis (PCA), partial least square analysis (PLS), and support vector machines (SVM),
for the detection of any pattern that indicates adulteration.
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Hyperspectral imaging offers spatial + spectral information, which finds applicability in the

detection of heterogeneous adulteration, like a mixture of meats or spices.

» Finding adulteration in meat by spectral imaging, such as mixing cheaper meat into a
premium meat.

» Detecting adulterated oils, powders, spices with spectral fingerprints.

Advantages

Often non-destructive, faster, minimal or no chemical reagents, can be adapted for rapid

screening.

» Capable of "untargeted" detection (i.e., may detect unexpected adulteration by pattern
deviation).

Limitations
These approaches often need calibration and validation models; might be less accurate in
quantification compared to chromatographic approaches; data processing is complex; the

equipment may still be expensive; performance can be dependent on sample matrix.

4.3 Sensor-Based, Portable, Rapid

E-nose; electronic tongue; biosensors; electroanalytical sensors: impedance, capacitance,

voltammetry. These technologies are considered new technologies for rapid screening.

* One such example is a study that developed the "smart E-nose” system, capable of
detecting and quantifying adulteration of pork in beef with very high accuracy:
~99.996%.

« Non-enzymatic sensors or electroanalytical techniques are being reviewed for multiple
foodstuffs as cost-effective and possibly portable solutions.

Applications
» Rapid adulteration screening in meat, milk, olive oil, honey, beverages

Advantages

» Low cost; portable, potentially; real-time monitoring; minimum sample preparation.

Limitations

« They generally lack the specificity/quantification inherent to laboratory-based methods,
may suffer from cross-sensitivity, and require calibration. Adoption has also been limited
so far.

Copyright@ Page 8



International Journal Research Publication Analysis

4.4 Untargeted Approaches, Traceability & Origin Authentication

* Newer methods beyond detecting known adulterants seek authentication of origin,

species, production method (organic vs. conventional), using holistic fingerprints-

metabolomics, proteomics, isotopic ratios-and data analytics.

» <For instance, it is possible to detect by the method of stable isotope ratio analysis the

substitution of genuine ingredients by cheaper analogues, or misrepresentation of origin.

Applications

« Authentication of premium products such as extra virgin olive oil, honeys of specific

origins, and dairy products of specific origins.

Advantages

 Italso deals with fraud other than cheating by adultering.

Limitations

» Complex, expensive, requires rich reference databases, challenging for routine testing.

Summary & Comparative Table

S.NO | Technique Category | Key Methods | Advantages Disadvantages
1. Chromatography/Che High sensitivity,| Laborious,
mical (HPLC, HPLC, GC-| quantification, expensive, lab-
GC- MS, LC-MS specificity based, targeted only
MS)
2. Rapid, non- 0
NIR,  FTIR,| destructive, ﬁzl;l/bratlﬂ needed
Spectroscopy/Imaging | Raman, HSI + screening of quantification
; many  samples, .
chemometrics untargeted accuracy, expensive
potential equipment
3. E-nose, . Lower  specificity,
Sensor/Portable electroanalytic IOn site, fast, still  under
Methods al sensors,| | OVer cost, development
. "I minimal prep A ’
biosensors validation needed
* Isotope gjisegiution/misr High cost, complex
Untargeted/Traceabilit ratio, . gh Cost, P
. epresentation, analysis, need
y Methods metabolomics,
roteomics broader fraud| reference databases
P scope

Opportunities, Challenges, and the Way Forward

In the ever-changing era of technology:
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« Advanced chemometrics, machine learning, and artificial intelligence integration would
develop further to find new ways of adulteration detection.

» Portable, miniaturized devices for laboratory and market testing: sensor arrays and
handheld spectroscopy.

« From traditional adulterants to unexpected adulterants: One is obliged to go for
untargeted techniques.

» More reliance on affordable and appropriate methods that would fit prevailing conditions
in developing countries; most of the sophisticated labs would not be accessible.

CONCLUSION

Food adulteration is one of those widespread problems that create a menace to the safety of
foods, health of people, and trust of consumers all over the world.This vice takes place in
both developed and developing countries despite the technological development of food
processing technology. Food adulteration takes the form of intentional action for profit and
the lack of proper processing and handling of the foods. The most adulterated foods are milk
products, edible oils, spices, health cereals, honey, and drinks. The adulterants of these
products are water, detergents, coloring material, and poison. The regular consumption of
adulterated foods results in serious health conditions involving the gastrointestinal tract, vital
organs, cancer, as well as the nervous system. Techniques such as HPLC, GC-MS, and LC-
MS have been adequately employed in detecting adulteration accurately in food products.
Spectroscopy, molecular biology, and hyperspectral imaging technologies aid in detecting
adulteration efficiently. The use of portable sensors, electronic noses, and Al-based
technologies has also accelerated non-destructive testing for food authenticity. The high cost
associated with these technologies acts as a barrier in implementing them in food analysis on
a large scale. The food regulatory agencies have also set standards regarding food security for
limiting food adulteration practices. Lack of enforcement and unregulated manufacturers
continue to contribute to food adulteration on a large scale. Socially responsible approaches

in food industries are also important for food security.
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