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ABSTRACT
Food laundering and adulteration have increased significantly in recent years. Adulteration and
impersonation are all forms of deception. Food theft and adulteration are motivated by short-term
economic gains and have a considerable influence on public health. Food security is a vital issue in
the food science community because it can have a direct influence on public health. Food fraud and
food authenticity risks are actively being mitigated to prevent microbiological, human, and chemical
hazards. FTIR spectroscopy was used to detect the authenticity and amount of adulteration in foods
to prevent this. Understanding the basic principles behind spectroscopy can help you understand
how the FTIR method can be used to authenticate and identify food tampering. Since it offers a fast,
convenient, and accurate detection process, in cases of alleged food theft, FTIR is commonly used.
Because of its ease of use, Fourier transform infrared spectroscopy is a valuable tool in the food
business and in food science. This analysis will begin with a brief outline of food concepts.
Adulteration and validity will be discussed, as well as recent legislation relating to these offences.
Following that, we include an in-depth a description of FTIR as an analytical tool, as well as the a
variety of foods for which FTIR analysis has been utilised in food trafficking cases, and the resulting
studies that have been successfully completed used to prosecute the crime. FTIR is shortcomings in
the combating food fraud, whether as a standalone tactic or as part of a study battery.
Keywords: Food theft, adulteration, authenticity, and Fourier transform infrared spectroscopy.

INTRODUCTION
Food is a must for life. Food adulteration is
described as the Food replacement with a
foreign particle, whether deliberate or
accidental, or inclusion of a value-added food
substitute from a main ingredient commodity
component
that
reduces
the
meal's
consistency. Food fraud is described as the
deliberate modification, misrepresentation,
mislabelling, replacement, or interference with
any food product at any point in the supply
chain. As a part of the chain, food fraud, as
well as food quality and safety, are on the rise.
Scandals in China, such as the use of
melamine in infant formula in 20081, The
European horsemeat scandal in 20132, as well
as the problem of In Europe and the United
States, peanuts and almonds are flavoured
with ground cumin and paprika United States
in 20153, all demonstrate the negative effects

of food fraud, which includes both mutilation
and genuineness. Illegal activity Food
tampering has become more prevalent over
time. Mutilation of food is described as the
process by whereby food quality is
deteriorating food is chosen with care
contaminated, either by the incorporation of
low-quality materials or the mining of important
resources components4. Food thieves are
increasingly targeting olive oil, fish, raw meat,
eggs, grains, honey, and maple syrup. Meat,
milk, nuts, sugar, chocolate, tea, spices, wine,
and even fruit juices are now the most often
stolen foods5. Meat6 spices and herbs7, and
other ostensibly high-quality food items are
often tainted, particularly when they are
manufactured. Because of high income levels,
expensive
products
are
economically
encouraged to be tampered with. Milk and milk
products, beef and pork products, fish and
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shellfish, oils and fats, fruit juice, coffee and
tea
beverages,
spices
and
extracts,
sweeteners, cereals and pulses, and organic
foods were all included on the list found to
have the highest levels of mutilation in the
research into the literature. These are the food
groups were reorganised into six groups:
animal origin and seafood for milk and dairy
products, beef and poultry for meat and
poultry, and so on. Furthermore, the
agricultural sector faces several challenges in
the twenty-first century as a result of
increasing global population, food supply
demands in developing countries, and climatic
changes. All of these factors are important in
food theft, because where there is a mismatch
in supply and demand for a specific product,
the risk of fraud increases. Food smuggling is
not only a global economic issue; it can also
cause cramping, nausea, diarrhoea, vomiting,
nerve injury, allergic responses, and paralysis
are all possible symptoms are also possible
symptoms8. Rumours emerged in 2015 that
peanuts and almonds were being added to
Type
Physical adulterants are manifestations of
intentionally implanted adulterants.
Adulterants of a biological nature

cumin and paprika powder. Inadvertent
absorption of these two allergens has the
ability to trigger a reaction.

TYPES OF FOOD ADULTERATION
Adulteration is the deliberate inclusion of
unneeded ingredients, excessive, or harmful
chemicals to food in order to diminish its purity.
The different forms of adulterants in fruit are
listed as follows:
Intentional adulteration
Adulteration with intent: Deliberate adulterants
are difficult to detect. These are inferior
compounds with similar properties to the food
to which they added adulterants. These
adulterants may be physical or biological in
nature. The intentional addition of water to oil,
the addition of foreign in the absence or
substitution of milk solids, and the proportion
of ground spices are all examples of
intentional adulterants.

Examples of intentional adulterants added
The following materials are used: sand, marble chips, bricks, plaster, talc,
water, and mineral oil.
Papaya seeds with black pepper, Argemone with mustard seeds, Mentanil
purple, Khesari dal with Arhar dal, and other combinations are possible.

Unintentional adulteration
This can be due to acquired adulterants such
as bacteria or fungi decay of foods, dust and
stone entry, radioactive pollutants from
wrapping materials, rat spoilage of food, and
so on, or it can be due to endogenous
adulterants. Unintentional adulterants are
additives that are added to food unintentionally
or a deficiency of adequate hygiene and
Type
• Adulterants that occur naturally
• Adulterants that do not appear naturally

facilities. Illustrations of various foodstuffs
According to the Food Adulteration Prevention
Rules of 1955, seed contaminant was added
to food in the field of planting, processing,
refining, preparation, packing, treatment, as a
result of environmental pollution in India,
articles of certain foods are being transported
or kept.

Examples of unintentional adulterants added
Toxic pulses, tomatoes, green and other vegetables, seafood, and fish
Traces of pesticides, tin, rodent droppings, and larvae in food

Metallic contamination adulterants
Metallic exposition Adulterants whether
deliberate or unintended use of different metal
derivatives in food. Arsenic, arsenic, and
Type
Metallic impurities
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cadmium are the most harmful since they are
used on a regular basis. They can cause
organ harm if they build up in the body.

Metallic adulterants that have been seen as examples
Arsenic can be used in fertiliser, lead in sewage, mercury in effluent, pesticides in
factories, and tins in cans.

Adulteration causes due to microbial
contamination
Food spoilage caused by the injection of
several bacteria from different sources is
known as microbial infection. Microorganisms

can contaminate foods at any stage of the
production process, including selection,
transportation, refining, packaging, handling,
and preparing.
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Examples of microbial adulterants added
Fungal infections include Ancylostomaduodenale, Entamoebahistolytica, Trichinellaspiralis,
Ascarislumbricoides, and Trichinellaspiralisare among the parasites.
Toxins produced by Clostridium botulinum, Clostridium perfringens (welchii), salmonella, and other
pathogens Staphylococcus aureus, Shigellasonnei, and Streptococcus pyogenes.
Fusariumsporotrichiodies, pencillium, Aspergillusflavus, clavicepspurpurea,Fusariumsporotrichiodies,
Fusariumsporotrichiodies.

Health effects due to food adulteration
Food adulteration endangers society's health
by inducing a host can range from mild to lifethreatening.Kidney failure, skin diseases,
increases, increased salivation in children,
stomach cramp, vomiting and prostration, and
bowel disorders such as diarrhoea. Asthma,
skin conditions, and cancer are typical
examples of diseases caused by consumption
of fish, vegetables, meat. Some food
Food adulterants
Filth, grit, brick, and marble shards
Foreign or used tea leaves, naturally
coloured saw dust

adulterants have immediate ramifications.
Adulterated food may have a number of longterm harmful consequences. Long-term risks
include bowel cancer, adulterants such as
peptic ulcers, liver disorders such as cirrhosis,
and liver failure, as well as heart disorders,
cardiovascular abnormalities, bone marrow
anomalies, and kidney injury, can all be
caused by colouring colours, calcium carbide,
Urea, burnt fuel oil, and sulphur.

Foods
Adulterants of the physical form
Grain products, pulses, and so on.
Tea

Health effects
The digestive tract has been harmed.
Tea is toxic to one's body and can lead
to cancer.

Biological adulterants
Spices such as black pepper, cumin
Foreign seeds that have been coloured
seeds, mustard seeds, poppy seeds,
Cancer is dangerous to one's health.
artificially
among others
Lubricants made from used oil
Oil
Vitamins A and E should be eliminated.
Lubricant made of minerals
black pepper, edible oils and fats
Tumours
Wheat, oregano from the
Low quality levels have a negative
Inbreeding of inferior species
Mediterranean, corn, olive oil, milk, and
impact on health.
meat
The petals, husks, roots, and fruits of
Saffron, cashew nuts, cloves, and chilli
Low quality levels have a negative
certain species, as well as shell dust
peppers
impact on health.
Unintentional adulterants (Natural/non natural)
Nerve and vital organ damage caused
Pesticide traces
Foods of all kinds
by acute or chronic food poisoning
(liver, kidney)
Water, sea foods, tea, and other
Flurosis is caused by an excess of
Fluoride
beverages are examples.
fluoride.
Are present in Smoked salmon, meats,
PAHs
water, oils and fats, and seafood,
Cancer
including shellfish
Metalic contaminants
Such potential outcomes include
Water, lead arsenate-sprayed fruits
Arsenic
dizziness, chills, cramps, coma, and
such as apples
death.
Symptoms Aggressive peristalsis,
tainted food with rat poison (Barium
arterial hypertension, muscle twitching,
Barium
carbonate)
convulsions, and heart abnormalities
are some of the symptoms...
Copper
Food
Consumption, Diarrhea and vomiting
Heart insufficiency and myocardial
Cobalt
Water and liquor
malfunction
Fruit fruits, soft drinks, and other highThere is a possibility of Itia-Itai disease,
Cadmium
sugar snacks should be avoided.
excessive Swollen salivary glands.
Foot drop, insomnia, anaemia, and
Lead
Water, as well as fresh foods.
constipation are all symptoms of lead
poisoning.
Brain injury, coma are also possible
Mercury
Sea foods
outcomes.
Tin and Zinc
Food
Vomiting
Contaminants caused by microbes
Contamination of food (nauseousness,
Cereals, puddings, custards, and
Bacillus cereus
vomiting, and stomach discomfort,
sauces are also examples of desserts.
diarrhoea)
Nauseous, stomach ache, diarrhoea,
Poorly prepared or canned meat,
Clostridium perfringens (welchii) type A
and creation of gas are other signs that
seafood, and gravy ingredients
can occur.
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Salmonella spp
Enterotoxins A,B,C,D, or F from
Staphylococcusaureus Dairy, baked
goods, beef and meat products, low
Shigellasonnei

Aflatoxins
Fusariumsporotrichioides
Aspergillusversicolor Sterigmatocystin
AspergelliusniduansSterigmatocystin
Aspergillusbipolaris is a type of fungus.
Pencilliuminslandicum is a kind of
pencillium.
Pencilliumatricum is a type of
pencillium.
CitreoviredePencillium
Rhizopus, Fusarium
AspergillusNiger
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Raw fruits and vegetables, salads,
shellfish, eggs and egg products, and
reheated leftovers are all permitted.
Dairy, baked goods, beef and Meat
goods, low acid frozen meals, and
other similar foods
Moist mixed foods include milk,
potatoes, rice, fish, salmon, lobster, and
moist mixed foods.
Contaminants caused by fungal
Foods infected by Aspergillusflavus
included groundnuts and cottonseed.
Cereals (millet, barley, peas, rye, and
other cereal grains)
Foodgrains

Yellow

ISSN: 22312781

Salmonellosis is an infection caused by
salmonella.
Vomiting, stomach cramps, diarrhoea,
intense thirst, cold sweats, and
prostration are all symptoms of the flu.
Shigellosis is a bacterial infection

Cancer of the liver
Toxic aleukia in the gastrointestinal tract
is a form of toxic aleukia (epidemic
panmyelotoxicosis)
Carcinogenic and mutagenic, kidney
and liver injury, diarrhoea, and skin and
liver tumours.

Toxic mouldy rice disease is a condition.

Contaminants of Parasiticus
Ascarislumbricoides

Contaminated water or raw food with
parasite eggs from human faces.

Entamoebahistolytica

Any raw food or drink may contain
parasite eggs from human faces.

Methods of detecting food adulterants
Any substitute added to food is either a
complete or partial replacement. Detecting
partial substitution is difficult since the
identification of the adulterants must be
decided before investigating the adulterant;
additionally, investigating partial substitution
necessitates first deciding whether the
substitution/adulteration is intentional or
accidental.
Morphological/anatomical
characterization, organoleptic manufacturers,
to verify traded food goods and check for
adulterants, chemical processing and testing
have been created. There are three distinct
methods for explaining adulteration
 By showing the unwanted material in the
product.
 Showing that a variable is not in its usual
state.
 A profile's improbability.
Among other things, the first method of
detecting adulterants The most effective and
simple method is to demonstrate the existence
of a foreign material or a marker. Depending
on the type of adulterant discovered, various
detection techniques can be used. Among
them are analytical, physical, and chemical
methods.

Any raw food or drink may have been
infected with parasite eggs from human
faces.
Amoebic dysentery is a form of
dysentery caused by the bacterium
Amoeba.

macroscopic food analysis by measuring
physical parameters such as morphology,
solubility, size, bulk mass, and so on are very
useful. Identification of fungi, bacteria, and
microbial analysis by macroscopic and
microscopic characteristics are also very
helpful. Any spices that have undergone
microscopic
analysis
include
cloves,
cinnamon, coriander, and cumin. Extraneous
starch powder is easily detected in spices such
as black pepper, mustard seeds, cardamom,
cassia bark, cumin, fenugreek, and chillies.
Adulterant detection using electronic or optical
microscopic methods is less accurate.
CHEMICAL METHODS FOR DETECTION OF
ADULTERANTS
There are some chemical methods for
identifying food
adulterants, such as
immunology or electrophoresis. Physical and
observational techniques are less precise and
sensitive. Chemical methods such as
electrophoresis have also been used to detect
food fraud; electrophoretic testing can classify
and quantify adulterants. Adulterants in food
samples can be detected using capillary zone
electrophoresis. It has been used to detect
adulterants in milk products and basmati rice.
Other electrophoretic techniques, such as
urea-PAGE, can detect food contaminants.
Immunological techniques, such as ELISA, are
the most widely used in detecting food
adulterants.

PHYSICAL METHODS FOR DETECTION OF
ADULTERANTS
To detect adulterants in foods, various
physical methods such as microscopic and
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these techniques, further detection techniques,
such as spectroscopy, are needed. Among
spectroscopic methods, infrared spectroscopy,
such as FTIR and MIR, is widely used.

ANALYTICAL METHODS FOR DETECTION
OF ADULTERANTS
Trends in methodological techniques used to
diagnose food theft were studied quantitatively
in order to analyse technological trends related
to food fraud detection technologies. Food
smuggling and scandals have raised food
laboratories are under pressure to improve fast
and dependable screening methods for
detecting food theft. Many methods for
detecting adulteration and tampering have
been established. Food theft in the food: Thin
layer chromatography (TLC) is the most widely
used chromatography in food analysis, gas
chromatography is used for the detection of
volatile
and
organic
compounds
for
authentication and identification, and mass
spectroscopy (MS) spectroscopic methods
such as near infrared spectroscopy are used in
this process. Nuclear magnetic resonance
spectroscopy is another identification method
that detects adulterants but also offers
structural identification of contaminants. NMR
not only detects adulterants but also
structurally distinguishes poisons. Both
industry and labs use the most widely used
accurate instrument for detecting food frauds
and adulterants in food. Since it needs little
sample preparation, examination is fast, as
well as the use of dangerous solvents is
minimised, Fourier infrared spectroscopy has
emerged as an appealing and feasible as an
alternative to conventional analytical methods.
These benefits save time and money while
increasing the amount of examples that can
tested. Many scholars have tried to capitalise
on these benefits by adding the application of
FTIR to food science for detecting adulterants,
FTIR spectroscopy has proven to be an
efficient and promising tool. It can tell the
difference
between
adulterated
and
unadulterated samples. The combination of
chromatography
and
spectroscopy
is
extremely effective at identifying adulterants.
Adulterant detection has traditionally relied on
hyphenated approaches such as GC in
combination with MS and Fourier transform
infrared spectroscopy.

Introduction to FTIR spectroscopy
FTIR is the preferred form of infrared
spectroscopy. Infrared spectroscopy involves
filtering IR light into a sample.Any infrared
radiation is captured, and others are emitted
into the sample. The obtained spectrum
reflects the sample's molecular absorption and
propagation, yielding a molecular fingerprint.
No two distinct molecular structures emit the
same infrared signal in fingerprinting. As a
result, infrared spectroscopy can be used for a
wide range of analyses. FTIR may be used to
classify unknown materials, as well as to
assess sample content and the number of
components in a mixture. The primary
advantage of FTIR spectroscopy is that it is a
highly accurate instrument for detecting
virtually every sample, and FTIR has many
uses for identifying even the smallest
pathogens. As a result, FTIR is a robust tool
for analysing potential pollutants.
FTIR spectroscopy development
The Michelson interferometer serves as the
foundation for the FTIR instrument. The
Michelson interferometer was identified for the
first time in 18809. Michelson interferometer
mediated signals can be broken down into the
frequency ranges make up a Fourier
Transform algorithms are used to analyse
signals.That was the computational power
bottleneck in the 1970s to solve IR data of high
- resolution Fourier Transformation, which
revolutionised the method. FTIR devices use
the Interference between two infrared beams
produces an interferogram is a type of equal to
the difference in length of the route between
the two beams. It consists of a light source
(such as a mercury arc, tungsten, or globar
lamp), a semi-reflecting beam splitter, and two
perpendicular mirrors, one on each side
rotating and one fixed. In the first half of the
interferometer, a beam splitter divides a
collimated IR beam of equal amplitude. After
then, the split beams are reflected back to the
beam splitter by both fixed and moving mirrors,
where they recombine and disrupt. This
interference, which may be the travelling
mirror's path length distance, causes either
positive or disruptive interference in the
recombined beam. The obtained intensity
versus time interferogramsis transformed to
intensity versus frequency IR continuum by the
Fourier transformation. The resolution and
application of FTIR improved after the
computational power limit was resolved. An

RECENT
TRENDS
IN
ADULTERANT
DETECTION TECHNIQUE
Feed contamination and food adulterants have
resulted in major advances in scientific
methods for identifying toxins and adulterants.
In recent years, food laboratories have been
supplanted by modern analytical approaches
that ensure food quality and accuracy.
Analytical and molecular methods for detecting
adulterants and toxins in food are simple and
inexpensive. To substitute or complement
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FTIR instrument's resolution is currently
constrained by the average difference in paths
between the two mirror-reflected beams, which
is equal to the path length so that there is a
discrepancy
between
the
Michelson
interferometer arms increasing the distance
increases the resolution.The accuracy of the
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optics as well as movement mechanism for the
interferometer's travelling mirrors is the limiting
factor in achieving improved resolution using
new FTIR equipment. Because of its high
resolution and applicability in researching food
adulteration and authenticity, FTIR is widely
used nowadays.

Stationary mirror

Fig. 1: Diagrammatic representation of Modern FTIR instrument
may be put into a spectrophotometer's light
beam. The use of KBr discs seems to be the
favoured method for identifying adulterants in
food samples, for example15. The most
significant drawback of the KBr discs is their
low repeatability, which is due to issues such
as homogeneity. Must be consistent across
samples. Despite the fact that they have an
internal norm, the discs and mulls are
designed to prevent any change in path length.
Interfering moisture impacts peaks of water
absorption in the infrared spectrum or baseline
fluctuations caused by scattering caused by
KBr pellet clouding may occur. KBr discs lack
the repeatability required to assess food
adulteration and validity, according to scientific
evidence. Because of the drawbacks of KBr
discs, attenuated total reflectance (ATR) FTIR
for adulteration and authenticity inquiry has
grown in popularity. As a result, in recent
years, the use of ATR in combination with
FTIR has revolutionised the analysis of both
solids and liquids samples. In terms of sample
preparation and spectral reproducibility, ATR
FTIR is one of the most complex aspects of
infrared processing. ATR enables for a quick
analysis with a short time between sampling
and analysis result due to its high
reproducibility and low sample preparation
requirements.
ATR
with
screening

Different food adulterants determined by
FTIR spectroscopy
Food detection has been accomplished using
FTIR, theft in wines and wine-related
products10 as well as nectars and jams11,
beef12, milk, honey13, and virgin oil. FTIR has
recently been used to analyse spices and
herbs such as saffron and cardamom 14. The
rise in use of FTIR is a term that can be used
to describe a type of infrared to reduced
analysis costs, as well as the improved
attractiveness of high resolution analysis
combined with the need in order to achieve a
lower instrumental detection limit. FTIR
analysis is very beneficial to both the food
industry and government agencies in the fight
against the EMA and impersonation fraud.
Sampling techniques for food analysis by
using FTIR spectroscopy
FTIR spectroscopy can be used to analyse
solid food samples using potassium bromide
(KBr) alkali halide discs, since this simple
inorganic salt emits no vibrations in the MIR
field, which is most organic compounds are
typically evaluated using this method from
4000-400 cm-1.Analyzing materials is possible
by combining the analyte with KBr and then
transferring the mixture to a fused disc that
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methodology has some disadvantages as well.
The only drawback is the difficulties of
reproducing the optical distance between the
surface of the sample and the ATR crystal.
The sample is rubbed in comparison to a
crystal, which is usually made of selenide,
germanium, diamond, or zinc, in ATR FTIR.
These methods work by calculating the
differences in an internally normal reflected
infrared beam that occurs as It makes touch
with a sample surface. As the beam passes
through the crystal, it produces anevanescent
wave is a standing wave of radiation which is
then used to calculate the spectrum using
Fourier transformation algorithms.
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components of natural wine. Some types of
wine also contain grape-derived spirits, which
are a source of ethanol. The FTIR spectra of
pure ethanol show three primary bands: a
high-intensity 1048 cm-1 band, as well as two
1086 and 877 cm-1 medium-intensity bands
The ethanol content in aqueous solution was
calculated using the 1046 and 1086 cm -1
bands solution for many years.
Non alcoholic beverages analysis
The use of FTIR spectroscopy to analyse nonalcoholic drinks is a classic example of
determining sugar contents in foods,
particularly juice. Adulterants research can
also be linked to the use of FTIR ATR for
sugar determination in beverages. The
inclusion of sugars such as cane and beet
sugar, invert sugar, and fructose is one of the
most popular techniques for detecting
adulterants in fruit juices. To detect sugar
adulterants in apple juice, the FTIR method is
used. The pollutants evaluated HFCS with
slightly inverted cane syrup, and a solution
containing fructose, glucose, and sucrose.
PLS research distinguishes between pure and
adulterated juices. PLS provides adequate
prediction for adulterant quantification in both
cases.

APPLICATION OF FTIR SPECTROSCOPY
IN FOOD ANALYSIS
1) Milk analysis
Milk is often tainted by urea, detergent fat, and
diluted water, chalk, urea, caustic soda, and
skimmed milk are all examples of adulterants
found in milk, as are condensed oil and
skimmed milk powder. A classic example of
quantitative
determination
using
an
interference-based filter is milk analysis using
FTIR spectroscopy. The FTIR system
analyses four milk components in 12 seconds
per sample. FTIR spectroscopy allows for the
study of a greater number of components
while increasing sample throughput. The
detection of adulteration of non-fat dry milk
with protein concentrate was investigated
using an FTIR method based on PLS. The
results of a study of non-fat dried milk samples
polluted with protein concentrate may be
predicted.

Fats and oil analysis
In the fats and oils industry, the iodine value
and saponification number are critical
parameters. To determine the iodine content
and saponification amount of fats and oils, the
FTIR/ ATR method is used. The FTIR is one of
the most commonly used methods for
analysing the 37 samples provided by the
vegetable oil process through repeat samples.
In the field of fats and oils research, the
degree of unsaturation is important, and the
FTIR – ATR is used to determine the basic
parameters. FTIR was used to test almond oil,
walnut oil, avocado oil, castor oil, maize,
cottonseed, linseed, olive, palm, peanut,
sesame, soybean, sunflower, and wheat germ,
to name a few to name a few and safflower oil.
The data were obtained with high precision
and accuracy, with an average relative
standard deviation of 5%. Tran's fatty acids,
which are found in edible fats and oils,
contribute to an increase in heart disease. TFA
research is based on FTIR-ATR, which is used
to identify the major fatty acid group found in
different oils.

2) Beverages and drinks analysis
FTIR spectroscopy can be used to more
thoroughly analyse beverages and drinks; it is
focused on alcoholic beverages, especially
wine16. In addition, FTIR spectroscopy can be
used to assess the applications of spirit
ingredients, spirits, and brandies.

Wine analysis
FTIR spectroscopy for wine analysis has
several advantages, including time savings
and high resolution, as well as excellent
results in terms of accuracy and precision. It
also determines a wide range of parameters
such as alcohol, glycerol, volatile acidity,
glucose, pH, tartaric, lactic fructose, citric acid,
fructose, and phenols. In most cases, wine
samples are scanned without being prepared. .
During wine distillation, the alcohol content,
primarily ethanol and methanol, is monitored
on a regular basis. Ethanol, which is produced
during fermentation, is one of the primary

Cheese analysis
A wide range of textural and compositional
factors may be employed in a wide range of
cheeses. The texture of a particular type of
cheese determines its consistency, which is
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determined by moisture and other composition
components, as well as manufacturing
conditions17. The chemical composition of
processed cheese is a daily requirement in its
production, and producers have traditionally
relied on a wide range of laborious analytical
techniques to measure chemical components
in it, such as moisture, protein, and fat.
Continuous monitoring of the chemical
composition of cheese during manufacturing
could aid in the safe, cost-effective, and highquality development of FTIR spectroscopy. It
has been pretended that FTIR spectroscopy
can be used to assess cheese consistency
and validity.
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more than 96 percent of contaminated honey
samples are estimated. When FTIR was used
to test various honey samples, it was
discovered that they were tampering by totally
high-fructose corn syrup; inverted cane syrup,
dextrose syrup, and beet sucrose are all
examples of inverted beet syrup. Glucose,
fructose, sucrose, and maltose quantification
in honey samples was performed using FTIR
spectroscopy20 to classify and measure honey
adulterants.
Meat and meat product analysis
FTIR spectroscopy can be used to study meat
and meat products in two ways: consistency
assessment and authentication studies21.
Genuineness is a big concern with meat and
meat products, and FTIR spectroscopy studies
of meat products can be used to assess
consistency evaluation and authentication
studies, as well as spoilage detection22
primarily in connection with the replacement of
high-value raw materials with lower-cost
materials such as less expensive cuts,
mechanically recovered beef, offal, hair, water,
eggs, gluten, and so on. The FTIR method is
used to identify adulteration of raw minced
beef, offal from the same breed, primarily ox,
kidney, and liver. Another study employs FTIR
spectroscopy to detect offal adulteration in
cooked meat products. It is difficult to tell pure
beef from beef that contains 20% w/w of a
variety of suspected heart, tripe, kidney, and
liver are adulterants. Near the spine, meat is
separated from bones; it is possible that spinal
cord content will be present. Meat
contaminated with nervous tissue derived from
Bovine spongiform encephalopathy-infected
animals may cause disease; the inclusion of
meat products containing spinal cord material
is prohibited. The detection and measurement
of bovine the presence of spinal cord in ground
beef was discovered. Accomplished using
ATR-FTIR spectroscopy. Pork (boneless
steaks), Lamb, beef, chicken, and turkey are
all options are also analysed using FTIR and
Raman spectroscopy. FTIR and Raman can
be used to distinguish between various types
of meat. Using the wave numbers 942, 988,
and 1606 cm-1, consistent differentiation
between chicken breast, wings, and turkey
was obtained by applying genetic logarithm to
FTIR data and defining precise wave number
differentiation between different meat types as
well as distinct meat cuts. FTIR is also used in
poultry to predict bacterial spoilage.

Fruits and vegetables analysis
To colour various types of coloured and
textured vegetables and fruits, various dyes
and compounds are used. Malachite green, a
carcinogenic chemical pigment, is primarily
present in these vegetables. Oxytocin,
sachharin, wax, calcium carbide, and copper
sulphate are some of the ingredients. Are just
a few of the ingredients are examples of
common adulterants found in vegetables and
fruits19. Fruits and vegetables can be analysed
using FTIR spectroscopy. It is classified into
two types: raw processed materials and
processed materials such as purees and
extracts. Plant purees are susceptible to
adulterants such as cheaper substitutes and
constituents such as other fruits, vegetables,
matter, and sugar, despite being less
expensive than whole fruits. The FTIR method
is used to detect adulteration of fruit purees
with caffeine, sucrose, red grape juice, and
rhubarb. FTIR accurately predicts more than
96 percent of the time.
Honey analysis
On the market, honey comes in a variety of
flavours; honey is commonly laced with
molasses sugar. Honey is a naturally occurring
substance that varies greatly in chemical
composition. The main components of honey
are fructose, caffeine, moisture, maltose, and
sucrose, with minor components including
organic acids, amino acids, carbohydrates,
vitamins,
flavonoids,
minerals,
and
acetylcholine. Over 1600 honey samples were
analysed using FTIR. ATR-FTIR spectroscopy
was used to detect sugar tampering in honey,
with the adulterants studied being inverted
beet sugar, inverted corn syrup, and cane
sugar. The partial least square approach was
effectively
utilised
to
determine
the
concentration of added tampering sugars in
honey ranging from 2-27 percent. The FTIR
spectroscopy model was used approximately
88 percent of authentic honey samples and

Coffee analysis
In India, coffee is the most commonly
consumed beverage, and it is heavily
adulterated. Coffee seeds are frequently
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contaminated with tamarind, mustard, and
chicory seeds. Coffee has been tainted with a
variety of low-cost materials, including twigs,
coffee berry skin and paper, spent coffee,
roasted barley, corn, chocolate, soybean, and
others23. The majority of FTIR spectroscopy
coffee research is used in the field of food
adulteration: there are two coffee species
found in the world: coffee Arabica and coffee
camphor variant robust. A total of 28 pure
roasted Arabica (20) and Robusta (8) samples
from various geographical sources were
analysed using FTIR. Between the ages of 800
and 1900 cm-1, ground coffee samples were
analysed. FTIR spectroscopy was used to
detect adulteration of freeze-dried glucose and
starch, instant coffee, or chicory at
concentrations ranging from 20 to 100g kg-1.
There were two FTIR sampling methods used:
attenuated total reflectance and diffuse
reflectance, both of which have high fidelity
sample classification.
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contaminants
generated
during
the
manufacturing
phase.
Technological
advancements in FTIR spectroscopy and
multivariate analytical approaches hold great
promise for detecting food intake variations
that may signal the presence of hazardous
extraneous material the presence of Tran’s
fats in recently, food has been discovered as a
public health risk.Tran’s fat is described as any
volume of fat that is less than 0.5 g. The bulk
of Tran's fats are naturally discovered in dairy
and meat products, with partially hydrogenated
vegetable oils serving as the main source of
consumer food products (24). Trans-fatty acids
have been demonstrated to increase LDL
cholesterol and reduce HDL, increasing the
risk of coronary heart disease25. Since 2006,
the amount has been increasing of Tran's fat
found in nutritional supplements and food was
reduced could be recorded in grammas on
nutritional
labels.
According
to
FDA
regulations, it is the responsibility of the
manufacturer to ensure the correctness of the
nutrition data indicated on the product.
Furthermore, if the amount of Tran's fat
discovered by FDA research exceeds 120
percent of the amount listed on the nutrition
label, the food is labelled as misbranded.Since
the 1950s, IR techniques have been used to
measure the amount of separated Tran's
double bonds are found in fats and oils. NIR
spectroscopy can also be used to figure out
the amount of Tran’s fat and oil in dietary fats
and oils. The FT-NIR method is used to easily
test essential fat and oil quality parameters
including saponification quantity, peroxide
value, iodine value, cis and Tran’s content.
Acryl amide, a Maillard reaction agent
produced a potential carcinogen has been
identified when items are baked, fried, or
roasted such as potatoes. Asparagines, an
acryl amide precursor, are abundant in
mashed frying potatoes at high temperatures
for a brief period of time resulted in one of the
most plentiful potato chips of acryl amide ever
reported26.Multivariate analysis with FT-NIR for
food tampering detection trouble agents27 were
produced and tested for quick identification of
castor bean meal the seeds of the castor plant
(Ricinuscommunis) contain highly toxic protein
ricin, which inactivates eukaryotic ribosomes
directly and irreversibly, inhibiting protein
synthesis promotes cell demise. CBM is a
common as a result of castor oil that can be
used to intentionally contaminate the food
chain, posing a risk.When the normal error in
cross-validation of the relationship is greater
than 94 percent, FT-NIR is used to calculate
CBM emissions. FT-NIR spectroscopy was
used to assess the rapid determination of
tetracycline in milk28. Tetracycline is often used

FTIR
APPLICATION
FOR
AUTHENTICATION AND ADULTERANTS
DETECTION
FTIR has been investigating potential
applications for authentication and adulterant
identification in recent years. Regulatory
authorities of food producers, manufacturers,
and customers all rely on the authenticity of
goods based on their range and geographical
origin. Because expensive products are more
likely to be adulterated or counterfeit, a quick
method for verifying these claims is required.
FTIR has been combined using multivariate
statistical approaches for herbal items, Fruit
juices, agricultural products, culinary oils, dairy
products, and so on. And other.Based on the
electromagnetic and chemometric approaches
used on the continuum, these attempts have
seen various degrees of success in
categorising things as genuine or counterfeit.
Genuine commodity fingerprints are thought to
reflect the overall chemical composition of the
product and thus have the ability to detect
adulterants.
The
FT-NIR
reflectance
spectroscopy is used to expedite the herbal
supplement authentication process. It is
possible
to
identify
commonly
used
immunostimulant herbal formulations including
Echinacea fungi. Food validity is determined
using FT-MIR spectroscopy.
FTIR APPLICATIONS FOR DETECTION OF
HARMFUL ADULTERANTS
Food is often contaminated with poorer
materials that are normally less expensive.
Adulteration is the combination of highly toxic
compounds with products. This includes both
accidental
and
intended
chemical
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in veterinary medicine to treat bacterial
infections; traces of tetracycline can be
present in milk. The FDA limits tetracycline
residues in milk to 300 ppb. Melamine has
been used in pet food, cookies, coffee drinks,
and a variety of other items.Melamine is the
most commonly used adulterant in infant
formula. Contaminated milk was most likely
responsible for 3 million cases of renal failure
in Chinese children, as well as six deaths.
Melamine identification using NIR and FTIR
methods is a fast and sensitive process.
Emerging
approaches
of
vibrational
spectroscopy include advances in FTIR
instrumentation and multivariate techniques.
FT-NIR and FT-MIR can detect food
adulteration and purity.Chemical toxins, dyes,
acryl amide, and melamine in dairy products
have all created problems for the food industry
and consumers in recent years. FTIR is a wellknown investigational technique for the nondestructive detection and analysis of a wide
range of sample forms, revealing chemical and
biochemical substances present in samples.

ISSN: 22312781

quickly visualising outcomes. The main
disadvantage of the PCA approach is that it
creates PCs without supervision, unsupervised
means that no target variables are directly
predicted, and it is commonly used to uncover
general patterns in a Linear discriminant
analysis (LDA), k dataset. The investigation of
food fraud will be more accurate if the most
prevalent adulterants are identified and then
integrated into the predictive target variable.
ClosestkNN with partial least squares
discriminant analysis are three classification
algorithms commonly utilised in food theft
instances (PLS-DA).These methods may be
utilised to analyse foods such as EVOO and
saffron. It is difficult to detect new adulterants
inside a dataset with this instrument. SIMCA is
another approach for comparing contaminated
samples that have been recorded to unknown
samples. Innovative statistical approaches
have demonstrated flexibility and excitement in
identifying food adulterants when combined
with FTIR and multivariate analysis.
FTIR in comparison with other vibrational
spectroscopy techniques
Adulterant detection NIR and MIR have many
similarities. MIR absorbance is less effective
than NIR absorbance. NIR spectroscopy is
more sensitive than MIR spectroscopy since
the bonds are larger and overlapped. Powders
and liquids are examples of bulk samples are
used to compare NIR absorbance to MIR
analysis. This implies that chemical matrices
emit the same spectra. Acquired spectra
cannot be assigned to different molecules or
functional groups. Other disadvantages in
vibrational spectroscopy are not better
estimated. Spectra can be analysed using
CLPP rather than other spectroscopy methods
such as Raman. Raman and FTIR
spectroscopy, for example, are similar of
detecting adulteration in olive oil. Another
advantage of Raman spectroscopy over NIR
and FTIR when analysing foods without first
preparing a sample is that it does not display
contamination from water. When compared to
UV or infrared detectors, the key disadvantage
of Raman spectroscopy is that detection is
dependent on a weak fluorescence signal,
which necessitates the use of a powerful and
expensive excitation source. In general, FTIR
spectroscopy is more resilient than Raman
spectroscopy where the fluorescence signal
arises at lower energies than the excitation.

MULTIVARIENT ANALYSIS
Partially least squares (PLS) and principal
factor regression (PCR) are the two most
common methods of multivariate analysis for
adulterant quantification (PCR) instead of a
pre-specified smaller wave number area; the
mathematical techniques are usually used for
calibration and analysis of the entire spectral
region. Both techniques make use of
statistically unrelated factors from smaller
dimensions as a result of which the number of
dimensions may be reduced. The primary
distinction between PLS and PCR, the PCR
seeks a high variance interval between
covariate spaces, while PLS seeks the utilising
concentration data, the space between
variables that will approximate the optimum
outcome. Thus, PLS is best suited to analysing
noisy spectra with random noise, whereas
PCR is better suited to analysing spectra with
formal noise. Another analytical approach that
is often principal component analysis (PCA),
an exploratory technique, is used for
screening.A PCA's goal is to capture as much
variance in a data set as possible and it
accomplishes this by generating new variables
are created by combining the existing
variables in a linear fashion. The PCA findings
are then displayed in a scatter plot, with the
direction of each sample dictated by the values
of the main components, which are all zero. A
PCA approach is frequently used to visually
distinguish between suspected contaminated
foods and pure foods the two are expected to
appear in opposite groups on the resultant
scatter diagram. This strategy is useful for

Comparison of FTIR with other chemical
methods
As FTIR study is compared to other chemical
techniques such as UV-Vis, near –IR (NIR),
middle –IR (MIR), Raman spectroscopy29,
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mass
spectroscopy,
NMR,
liquid
chromatography coupled with UV/Vis (30), or
high –resolution mass spectrometry (LC –
HRMS), electrophoresis, and detectors, the a
recently created FTIR system has been
validated or standardised. Approach and
complement to FTIR outperforms other
chemical methods in
predicting food
adulteration such as minced beef with turkey in
poultry, saffron adulteration, and melamine in
milk adulteration. The use of multiple
spectroscopes will also aid in the detection of
more sophisticated cases of food forgery.
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necessitating the use of alternative methods
such as LC coupled to high – resolution MS.
And combined with it is feasible to use mass
spectrometry to offer the mass to charge ratio
of ions, as well as data on the quantitative and
structural aspects of the moleculeswhich is
extremely valuable for detection. The
advantage of chromatography is that it allows
for the isolation of a variety of substances in a
complex mixture, such as food, based on their
physicochemical properties. The HRMS
solution has the disadvantage of making data
collection
complex
and
timeconsuming.Combining FTIR screening of a
diverse variety of samples with HRMS analysis
of samples of interest yields a much more
efficient and cost-effective approach. Toxins in
packaging products33, pesticides in film 34, and
allergen biomarkers were all detected using
LC-HRMS35. On a broader scale, FTIR and
LC-HRMS analysis of oregano adulteration, as
well as recent developments in the detection of
complex biological matrices using HRMSbased non-target analysis.

FTIR in conjunction with biological
methods
The only drawback of all analytical approaches
is degradation by biological organisms, such
as plant materials in spices. Adulteration
identification
strategies
that
integrate
computational
techniques
such
FTIR
screening and HRMS biomarker detection
using molecular biology, for example, have
been proposed. Spices such as oregano have
been found to be adulterated in food has been
detected using DNA methods such as Realtime PCR, DNA barcoding, and sequence
analysis identification PCR for amplified region
(SCAR)31 and turmeric32 as well as meat
products. However, to create appropriate
primers for use in the amplification process
and to verify that the proper DNA molecule is
usedamplified; all of these methods need
access to species-specific sequence data.
One solution to solving this constraint is
overcome
by
using
next-generation
semiconductors (NGS).NGS, on the other
hand, is a pricey approach that frequently
requires a sophisticated procedure, restricting
its usage in routine analyses. Despite the fact
that these molecular approaches are widely
regarded as specific and adaptable, they are
frequently regarded as qualitative rather than
quantitative due to measurement ambiguity.
Because of their sensitivity, these approaches
can identify tiny levels of inadvertent exposure.
Minor contaminations can be interpreted
because of the high degree of quantitative
uncertainty as purposeful and hence
deceptive. In detecting food fraud, molecular
techniques are less effective than chemical
procedures, and analysing the results can be
complex and time-consuming.

FTIR – LC
When it comes to detecting or recognising
isolated molecules, the combination of FTIR
and LC can be incredibly helpful. Due to the
high speed and multiplex architecture of FTIR,
spectra can be captured in real time at any
stage in the chromatogram. After the LC
separation, instruments can be used to
compute an entire IR-absorption-based
chromatogram or reconstruct functional-group
chromatograms at one or more particular
wavelengths. However, due to the fact that the
solvents often used in LC are potent IR
absorbers, reducing both sensitivity and
obtainable spectral detail, the use of FTIR
spectroscopy in LC is still very limited.
Because of this fundamental incompatibility,
the combination of LC and FTIR has been
investigated for over 25 years. In the
application of LC-FTIR techniques, two
radically distinct binding methodologies can be
discerned: one involving flow cells and one
involving solvent-elimination interfaces.
CONCLUSION
As global food consumption has increased,
there have been some developments in food
adulteration. In recent years, the food sector
and its customers have faced a slew of new or
unanticipated
contamination
issues.
Consumers, food businesses, and the
government are all concerned about food
safety and security. Food smuggling is not only
a global economic issue; it also has a host of
negative health implications, necessitating the
implementation of more robust methods for

FTIR in conjunction with hyphenated
techniques
FTIR analysis has been utilised on a wide
range of food matrices since it is a low-cost
and quick screening tool. One disadvantage is
that individual components or molecules in
complicated combinations cannot be isolated,
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monitoring food tampering and genuineness.
As a result, FTIR spectroscopy would offer the
food industry a quick and precise tool for
analysing food chemical contaminants, as well
as consistency and safety. FTIR is a quick,
easy, and low-cost approach for identifying
food adulteration; it can also be used to
assess authenticity in some situations. The
degree of adulteration will be estimated using
FTIR analysis in conjunction with multivariate
data analysis. FTIR spectroscopy must be
paired with other spectroscopic methods,
hyphenated chromatography procedures, or
DNA analysis to validate or quantify
adulteration. NGS is now a more powerful
bioinformatics
tool
for
downstream
experiments, capable of detecting adulteration.
With the complexity of food theft, other
technology, such as a mixture of labelling
strategies based on several chemical
concepts, must be capable of integrating rapid
sampling of large amounts of food with
confirmatory analyses.

ISSN: 22312781

Reactions to Peanut and Tree Nuts in
Children. Pediatrics. 1998;102(1):e6.
9. Michelson AA. XXVIII. Interference
phenomena in a new form
of
refractometer. The London, Edinburgh,
and Dublin Philosophical Magazine and
Journal of Science. 1882;13(81):236-42.
10. Cozzolino D, Holdstock M, Dambergs
RG, Cynkar WU and Smith PA. Mid
infrared spectroscopy and multivariate
analysis: A tool to discriminate between
organic and non-organic wines grown in
Australia.
Food
Chemistry.
2009;116(3):761-5.
11. Miaw CSW, Assis C, Silva ARCS, Cunha
ML, Sena MM and de Souza SVC.
Determination of main fruits in adulterated
nectars by ATR-FTIR spectroscopy
combined with multivariate calibration and
variable
selection
methods.
Food
Chemistry. 2018;254:272-80.
12. Alamprese C, Casale M, Sinelli N, Lanteri
S and Casiraghi E. Detection of minced
beef adulteration with turkey meat by UV–
vis, NIR and MIR spectroscopy. LWT Food
Science
and
Technology.
2013;53(1):225-32.
13. Rios-Corripio MA, Rios-Leal E, RojasLópez M and Delgado-Macuil R. FTIR
characterization of Mexican honey and its
adulteration with sugar syrups by using
chemometric
methods.
Journal
of
Physics:
Conference
Series.
2011;274:012098.
14. Black C, Haughey SA, Chevallier OP,
Galvin-King P and Elliott CT. A
comprehensive strategy to detect the
fraudulent adulteration of herbs: The
oregano approach. Food Chemistry.
2016;210:551-7.
15. Anastasaki E, Kanakis C, Pappas C,
Maggi L, del Campo CP and Carmona M.
Differentiation of saffron from four
countries by mid-infrared spectroscopy
and multivariate analysis. European Food
Research
and
Technology.
2010;230(4):571-7.
16. Ríos-Reina R, Callejón RM, Oliver-Pozo
C, Amigo JM and García-González DL.
ATR-FTIR as a potential tool for
controlling high quality vinegar categories.
Food Control. 2017;78:230-7.
17. Restani P, Campagner P, Fiecchi A,
Resmini P and Galli CL. Identification of
spinacine as the principal reaction
product
of
gamma-casein
with
formaldehyde in cheese. Food and
chemical toxicology : an international
journal published for the British Industrial
Biological
Research
Association.
1988;26(5):441-6.

REFERENCES
1. Valand R, Tanna S, Lawson G and
Bengtström L. A review of Fourier
Transform Infrared (FTIR) spectroscopy
used in food adulteration and authenticity
investigations.
Food
additives
&
contaminants Part A, Chemistry, analysis,
control, exposure & risk assessment.
2020;37(1):19-38.
2. Premanandh J. Horse meat scandal – A
wake-up call for regulatory authorities.
Food Control. 2013;34(2):568-9.
3. Galvin-King P, Haughey SA and Elliott
CT. Herb and spice fraud; the drivers,
challenges and detection. Food Control.
2018;88:85-97.
4. Spink J and Moyer DC. Defining the
public health threat of food fraud. Journal
of food science. 2011;76(9):R157-63.
5. Lin S and Salcido-Keamo S. Chapter 12 Fraud in wine and other alcoholic
beverages. In: Hellberg RS, Everstine K
and Sklare SA. Food Fraud: Academic
Press. 2021;233-47.
6. Rohman A and Man YBC. Fourier
transform infrared (FTIR) spectroscopy
for analysis of extra virgin olive oil
adulterated with palm oil. Food Research
International. 2010;43(3):886-92.
7. Lohumi S, Joshi R, Kandpal LM, Lee H,
Kim MS and Cho H. Quantitative analysis
of Sudan dye adulteration in paprika
powder using FTIR spectroscopy. Food
Additives & Contaminants. Part A.
2017;34(5):678-86.
8. Sicherer SH, Burks AW and Sampson
HA. Clinical Features of Acute Allergic

36

IJRPC 2022, 12(1), 25-37

Sudhamadhuri Alahalli et al

18. Sturm M and Lojen S. Nitrogen isotopic
signature of vegetables from the
Slovenian market and its suitability as an
indicator of organic production. Isotopes
in environmental and health studies.
2011;47(2):214-20.
19. Camin F, Perini M, Bontempo L, Fabroni
S, Faedi W and Magnani S. Potential
isotopic and chemical markers for
characterising organic fruits. Food
Chemistry. 2011;125(3):1072-82.
20. Etzold E and Lichtenberg-Kraag B.
Determination of the botanical origin of
honey by Fourier-transformed infrared
spectroscopy: An approach for routine
analysis. European Food Research and
Technology. 2008;227(2):579-86.
21. Rahmania H, Sudjadi and Rohman A.
The employment of FTIR spectroscopy in
combination with chemometrics for
analysis of rat meat in meatball
formulation. Meat science. 2015;100:3015.
22. Kumar D, Singh SP, Karabasanavar NS,
Singh R and Umapathi V. Authentication
of beef, carabeef, chevon, mutton and
pork by a PCR-RFLP assay of
mitochondrial cytb gene. J Food Sci
Technol. 2014;51(11):3458-63.
23. Toci AT, Farah A, Pezza HR and Pezza
L. Coffee Adulteration: More than Two
Decades of Research. Critical reviews in
analytical chemistry. 2016;46(2):83-92.
24. Mossoba MM, Moss J and Kramer JK.
Trans fat labeling and levels in U.S.
foods:
assessment
of
gas
chromatographic
and
infrared
spectroscopic techniques for regulatory
compliance.
Journal
of
AOAC
International. 2009;92(5):1284-300.
25. McCarthy J, Barr D and Sinclair A.
Determination of trans fatty acid levels by
FTIR in processed foods in Australia. Asia
Pacific journal of clinical nutrition.
2008;17(3):391-6.
26. Segtnan VH, Kita A, Mielnik M,
Jørgensen K and Knutsen SH. Screening
of acrylamide contents in potato crisps
using process variable settings and nearinfrared spectroscopy. Molecular nutrition
& food research. 2006;50(9):811-7.
27. Rodriguez-Saona LE, Fry FS and Calvey
EM. Use of fourier transform near-infrared
reflectance
spectroscopy for
rapid

ISSN: 22312781

quantification of castor bean meal in a
selection of flour-based products. Journal
of agricultural and food chemistry.
2000;48(11):5169-77.
28. Sivakesava S and Irudayaraj J. Rapid
determination of tetracycline in milk by
FT-MIR and FT-NIR spectroscopy.
Journal of dairy science. 2002;85(3):48793.
29. Bevilacqua M, Bucci R, Magrì AD, Magrì
AL and Marini F. Tracing the origin of
extra virgin olive oils by infrared
spectroscopy and chemometrics: A case
study.
Analytica
Chimica
Acta.
2012;717:39-51.
30. Ordoudi SA, Cagliani LR, Melidou D,
Tsimidou
MZ
and
Consonni
R.
Uncovering a challenging case of
adulterated commercial saffron. Food
Control. 2017;81:147-55.
31. Marieschi M, Torelli A and Bruni R.
Quality control of saffron (Crocus sativus
L.): development of SCAR markers for the
detection of plant adulterants used as
bulking agents. Journal of agricultural and
food chemistry. 2012;60(44):10998-1004.
32. Dhanya K, Syamkumar S, Siju S and
Sasikumar B. Sequence characterized
amplified region markers: A reliable tool
for adulterant detection in turmeric
powder. Food Research International.
2011;44(9):2889-95.
33. Bengtström L, Rosenmai AK, Trier X,
Jensen LK, Granby K and Vinggaard AM.
Non-targeted screening for contaminants
in paper and board food-contact materials
using
effect-directed
analysis
and
accurate mass spectrometry. Food
Additives & Contaminants: Part A.
2016;33(6):1080-93.
34. García-Reyes JF, Hernando MD, MolinaDíaz A and Fernández-Alba AR.
Comprehensive screening of target, nontarget and unknown pesticides in food by
LC-TOF-MS. TrAC Trends in Analytical
Chemistry. 2007;26(8):828-41.
35. Korte R, Lepski S and Brockmeyer J.
Comprehensive
peptide
marker
identification for the detection of multiple
nut allergens using a non-targeted LC–
HRMS multi-method. Analytical and
Bioanalytical
Chemistry.
2016;408(12):3059-69.

37

