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the evaluation of the authenticity of halal food.

Abstract: Food authentication of halal food, which includes
the manufacturing technique, technical processing, identification
of undeclared components, and species replacement in halal food
items, has increased rapidly as a result of growing public
awareness of food quality and safety. This highlights the need for
in-depth investigation into analytical techniques to produce
precise and trustworthy data for observing and managing the
authenticity of halal food. This study offers a concise, objective
summary of current research on the analytical methods applied to
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1. INTRODUCTION

Food authenticity is a major concern for the
food industry as well as consumers for a variety of
reasons, including legal compliance with religious
beliefs, whether or not it is permitted, economic
considerations (the right foods at the right price), and the
assurance of a consistent, well-defined quality with the
use of appropriate ingredients (no harmful substitutes)
[1]. Pig derivatives are usually less costly than cow or
sheep derivatives. Consequently, pork derivatives are
used in a variety of dietary systems. It is standard practice
in many countries to adulterate food and feed products
by mixing meats and fats from several less costly sources
with unclear and incorrect labeling. A major issue for
certain customers is deceptive labeling, debasement with
less costly species, or violation of rigorous details [2].

Globally, the consumption of halal cuisine,
particularly among Muslims, has surged in recent times.
The halal food business has enormous potential and is
expanding quickly on all continents, including Asia, the
Middle East, Africa, Europe, and America. There are
around 2 billion Muslims worldwide, and by 2020, it is
expected that they would spend US$ 1400 billion on
halal food; by 2050, this sum is expected to have
increased by more than ten times, reaching US$ 15,000
billion. The Pew Research Center projects that there will
be 2.2 billion Muslims worldwide by 2030, which
highlights the significance of the halal and pure food
industry given that Muslim countries' GDPs are growing

faster than those of Western nations [3, 4]. The 21st-
century scientific and technological progress,
particularly in the food processing sector, has led to the
diversification of food components, including gelatin,
genetically modified (GM) foods, and medicinal items,
among Muslims [5, 6].

Customers, both Muslim and non-Muslim, who
buy halal food items due to quality, environmental, and
health concerns have broadened the market [7]. Only
halal items that satisfy certain conditions are acceptable
to Muslims. Products like alcohol and pork, which are
strictly forbidden in Islam, are frequently combined with
the most popular halal cuisines like chicken and beef.
The consumption rate of halal beef and chicken in 2017
was 15.0% and 15.8%, respectively, based on the global
consumption rate [8], as well as balanced ideal food
sources [9]. Owing to the significance of the halal
market, producers and consumers alike need to have a
comprehensive grasp of how Islamic Syariah law—
which establishes guidelines for Muslims to abide by
based on the Holy Quran and Hadith—functions and is
administered. Since halal food cannot be determined by
taste, texture, or smell, it is difficult to verify.
Authenticating the origin of food items can contribute to
maintaining food quality, safety, and transparency across
the supply chain. Food authenticity and origin testing
provide several advantages, however there are still
obstacles to be solved. Certain analytical procedures, for
instance, are too costly and time-consuming to be useful
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for field testing on a regular basis. Furthermore, it is
difficult to design uniform procedures for food
authentication since various goods call for various
analytical methodologies and approaches. Nonetheless,
improvements in analytical tools and the creation of
standardized procedures will keep enhancing our
capacity to verify the provenance of food items. By doing
this, we may uphold moral and sustainable
manufacturing methods, safeguard customers, and
advance an open and honest market.

2. METHODS AND STUDY DESIGN

A review design is used in this article. By this,
it is meant that the authors gather and examine material
and data from a variety of authoritative sources.
Information was acquired from several credible
international journals and scholarly publications. The
literature that the authors chose to review includes earlier
research on the identification of pig in food, food
adulteration, consumer trust, and different food
processing and food analysis methodologies. The authors
organize the analyzed information into several
categories, such as implication of food adulteration,
different methods for food assessment and importance.

3. RESULT AND DISCUSSION

All the finding and impact are categorized by
section to section and described below accordingly.

3.1 Foods that Require for Halal Authentication

Certification for halal is necessary for all kinds
of food, especially meat items. This is due to the fact that
meat products constitute a significant portion and are
necessary for human nutrition. As demand grows and
prices rise, there is a greater likelihood of unlawful
adulteration, substitution, and mislabeling of meat and
meat products [10]. For consumers who have religious
prohibitions against consuming pork, counterfeit meat
products pose a severe risk due to their low cost [11]. In
addition to meat, halal cuisine cannot contain alcohol.
Alcohol is frequently employed in the creation of food or
as a byproduct in the processing of food, especially ethyl
alcohol, or ethanol. Moreover, Muslims must eat the
flesh of animals that have been killed according to
Islamic law and with the correct halal procedures.
Industries employ a lot of porcine gelatin, and this
product is considered haram and sold not just to Jews and
Muslims but also to vegetarians and others who are
allergic to swine products.

3.2 Implication of adulteration

Adulteration exposes susceptible people to
antigens that may cause particular food allergies. When
allergies to particular species are taken into
consideration, it is crucial to recognize the various
species present in food items [17]. The possibility of
contracting  infectious  transmissible  spongiform
encephalopathy in humans has deterred many people
from eating beef worldwide [18]. The use of ruminant
corpses in animal feed for cattle has led to the epidemic-
level spread of Bovine Spongiform Encephalopathy
(BSE), often referred to as mad cow disease [19]. As a
result, one of the most important agricultural issues
nowadays is the sensitive identification of ruminant
species in animal feed [20].

There have sometimes been serious food
poisoning cases in Taiwan as a result of consuming toxic
puffer fish or toxic dried dressed fish fillets [21, 22]. The
nontoxic puffer fish Lagocephalus gloveri has no
tetrodotoxin (TTX) in its muscle. Lethal amounts of TTX
build up in the muscles of the Takifugu oblongus and
Lagocephalus lunaris. For the manufacture of dried
dressed fish fillets, Lagocephalus gloveri is therefore
more commonly utilized than Lagocephalus lunaris or
Takifugu oblongus. The reason behind the uncertain
identification ~ of  Lagocephalus  lunaris  and
Lagocephalus gloveri by both producers and customers
is their comparable morphology. Furthermore, Takifugu
oblongus, a poisonous puffer fish found in Taiwan, is
frequently misused as a raw material for the production
of dried dressed fish fillet [23].

3.3 Different Methods for Food Assessment

The following parts include both traditional
techniques and cutting-edge research on halal food
authenticity assessment in several food product
categories. Ten years ago, the examination of halal food
was done using traditional techniques including
electrophoresis and physicochemical approaches.
Despite being easy to use and reasonably priced,
conventional methods include time-consuming and
laborious sample preparation processes. Additionally,
the lack of solid datasets makes the results difficult to
understand [12]. The results must be confirmed and
verified using methods such as molecular spectroscopy
and high-performance liquid chromatography (HPLC),
which yield validated and trustworthy results.
Additionally, the previously described cutting-edge
methods might be combined with artificial intelligence
(Al), chemometrics, and the Internet of Things (loT) to
further improve the precision, speed, and capacity of
multiplexed analyte detection.
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Figure 1: Assessing food authenticity using different methods

The identification and differentiation of species
and/or cultivars in food has unguestionably benefited
greatly from DNA-based techniques that target nuclear
or mitochondrial (mt) markers. The method of choice for
authenticating a variety of food commaodities is still real-
time PCR because of its excellent repeatability,
sensitivity, and specificity [24]. This is also true for
species authentication in meat products, where one of the
most popular DNA-based methods for doing so is real-
time PCR, which primarily targets mtDNA [24].
Selecting a DNA marker can be difficult as well,
particularly if quantitative analysis is the goal. Although
mMtDNA has benefits in terms of sensitivity and
specificity, its changing copy number poses a challenge
for quantitative methods. In order to quantify it in meat
products, a TagMan real-time PCR test was created that
targets the roe deer lactoferrin gene [25]. The assay was
used to analyze commercial meat products after being
internally verified by counting the amount of roe deer in
model meat mixes and a model sausage [25].

Plant species verification using real-time PCR
was also performed in vegetable oil, a very difficult
matrix. Novel qualitative and quantitative PCR tests
were presented for the first time in order to validate argan
oil. Premium quality, food- and cosmetic-grade argan oil
is sold all over the world, albeit it may be tainted with
other vegetable oils. In order to tackle this issue, two
real-time PCR calibration models were created. These
models were then tested internally using blind mixes and
estimated probable adulterations of argan oil with olive
or soybean oils using the normalized DCqgmethod [26].
Another difficult task that has been effectively
completed with DNA markers, notably microsatellites or
simple sequence repeats (SSR), is the varietal
authentication of foods. The olive species served as one
example of this. According to a review by Yadav et al.,

microsatellite markers have been used in cultivar
identification, managing olive germplasm banks,
characterizing autochthonous olives (old olive trees and
oleasters), phylogenetics, diversity analysis, and
mapping [27].

Using spectroscopy's non-destructive nature,
ease of sample preparation, and ability to be operated by
technicians without any training, a number of studies
conducted in recent years have shown that it is a feasible
method for food verification. However, the creation of
appropriate spectrum databases and multivariate analysis
are necessary for the efficient use of spectroscopic
techniques in food verification. Chia oils tainted with
sunflower oil were analyzed using a combination of
Raman, near-infrared (NIR), and fluorescence
spectroscopy methods [28]. Using edible bug powders
(Alphitobius diaperinus and Locusta migratoria) to
enhance doughs and 3D-printed baked snacks, Fourier
transform mid-infrared spectroscopy with attenuated
total reflection (ATR-FTMIR) was combined with
multivariate analysis [29].

An animal's food can be partially reflected in
the multi-element composition of its tissues, whereas
plants' tissues reflect the soil composition of the
environment in which they are grown. Therefore, the
accessible nutrients underpinning the soils can directly
convey information about the geographical origin of
foods [30]. On the other hand, elements found in the
tissues of aquatic animals, like fish, are known to
originate from the elements in the surrounding
environment, the aquatic habitat, and the production
premises. This knowledge is especially helpful when
attempting to determine the nation of origin of wild
specimens [31]. Foodstuffs contain compounds such as
amino acids, fatty acids and sugars. NMR is one of the
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most suitable methods to obtain “highthroughput”
spectroscopic and structural information on a wide range
of molecular compounds. It enables determination of
complex compositional matrices of foodstuffs, with high
analytical precision. It is possible to evaluate the
concentration of any chosen metabolite in a combination
with little sample preparation. NMR's sensitivity was
once thought to be its primary drawback, however
ongoing advancements in technology have made NMR
far more sensitive now. As a result, EMR makes it
possible to compile extensive metabolic profiles that are
useful for food authenticity. Sophisticated Natural
Isotope Fractionation (SNIF-NMR) allows strong natural
molecular fingerprinting. The EU created SNIF-NMR in
1990 to determine the geographical origin of wine, and
this use is well-known (EU rules 2670/90, 2347/91 and
2348/91). Non-targeted 1H-NMR analysis is one

profiling technique that has been used to determine the
geographical provenance of food [32].

3.4 Metabolomics approach

Among the four "omics" technologies is
metabolomics. It is a methodical and scientific technique
that looks at the interactions and concentrations of
metabolites in organic entities. The method seeks to
concurrently identify general metabolite changes in
human, plant, animal, and microbe bio-systems. These
changes are a direct reflection of the underlying
biochemical processes taking place in the cells, tissues,
organs, and organisms. Many industries, including food,
medicine, and agricultural, employ metabolicomics.
Food metabolomics is the application of metabolomics
to human diets, food resources, manufacturing, and
processing. The change in the food sector has led to a
progressive growth and notable advancements in the use
of food metabolomics in recent years [33, 34].

Genomics
(DNA) \

Transcriptomics

Biological
Phenotype

Proteomics
(Proteins)
1 Y NS

Metabolomics
(Metabolites)

Figure 2: Omics techniques are used to determine the biological phenotype of different biological samples [38]

The majority of the current metabolomics
research studies in the food sector employ a variety of
reliable technologies and standard analytical techniques
to identify food identity markers. The search for
metabolic indicators of food authenticity, nutritional
quality, and the detection of food adulteration are
significantly impacted by these devices [35, 36]. There
have been notable results from the use of metabolomics
in food commodities for authentication [37]. Although
the analysis of the metabolics and mechanisms of
diseases may be proven to be effective by the
metabolomics approach, some obstacles need to be
considered when conducting a metabolomic analysis,
such as the sensitivity of metabolites in the existing
environment, the choice of the instrument used, and the
cost of the analytical instrument. Moreover, the
metabolome responds physiologically to a variety of
environmental and genetic cues. Metabolites do differ in
terms of stability and have wildly varied rates of turnover

inside cells. Others could be volatile in the presence of
oxygen, light, at different temperatures, or in other
analytical situations that might lead to serious issues
during the testing. Given that vitamins are photosensitive
and may degrade when exposed to direct light, sample
preparation for vitamin detection is particularly
sensitive.

3.5 Species differentiation or source authentication
In terms of food quality and safety, species
distinction and source verification of food items are
critical factors to take into account. Food and its products
might be tampered with or substituted with subpar goods,
resulting in inaccurate labeling and claims. There is a
growing demand for accurate and detailed information
about what they eat from halal industries, consumers
adhering to specific diets, consumers who follow organic
lifestyles or are strictly vegetarians, and religious and
health concerns regarding the presence of pathogens or
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allergic substances, among other factors. In order to
satisfy these demands, labeling must be precise and
unambiguous [39]. Enforcing particular restrictions
against deliberate or inadvertent mislabeling, wrong
description, and other fraudulent practices performed by
manufacturers all in the name of gaining additional
profits is the responsibility of concerned (legal)
authorities. It is necessary to use extremely sensitive,
analytical, and reliable methodologies/techniques to
prevent such incidents and their potential negative
effects on the economy and public health [40]. It is also
possible to verify the origin and species of organic foods
and animal products that are thought to be healthier and
more nutritious by society [40].

For instance, the meat industry has been linked
to a number of dishonest business activities, such as
adulterating meats, lipids, and tissues from other species
and adding non-meat components [41]. This threat also
affects the cattle and fisheries sectors. Since processing
destroys all of a fish or poultry bird species' physical and
anatomical traits, it becomes extremely difficult to
authenticate them, which leads to a rise in fraudulence
[42].

Additionally, Rtea and An (2009) used arginine
kinase peptide mass fingerprinting (PMF) as a proteomic
technique to study species differentiation of
economically relevant shrimps. One method used to
examine the sarcoplasmic proteome of six distinct
species was two-dimensional electrophoresis (2-DE).
The examination of the sarcoplasmic proteome across
many species revealed variations in arginine kinase's
isoelectric point, indicating its potential as a molecular
marker [43]. Using matrix-assisted laser
desorption/ionization time-of-flight mass spectroscopy
peptide mass fingerprinting (MALDI-TOF-MS PMF),
the arginine kinase spot was further digested by trypsin.
Some results indicated that species-specific peptides
were present since the peaks were shared by all
specimens belonging to one or more species, while other
results revealed that the resultant spectra were distinct.

To find chicken flesh in a combination of meats,
a thorough proteomic analysis was done [44]. After
myofibrillar proteins were isolated, target proteins were
enhanced with the use of OFF-GEL IEF. The breakdown
of the myosin light chain by trypsin in solution came
next. The resultant peptides were subsequently used in
an LC-MS/MS proteomic method protein analysis.
According to the study's findings, there was 0.5% of
chicken contamination in the pork. Janosi et al.,'s (2007)
study, which used PCR to identify fowl meat in a
combination of pig, supported this finding.

3.6 Importance of Food Authentication

Food authenticity not only guarantees food
safety and quality, but it also helps producers and
customers financially. Producers may safeguard their
reputation and brand by authenticating items, and buyers

can feel certain about the goods they are buying [13].
Food fraud has an effect that extends beyond monetary
losses and reputational damage. Food goods that are
tainted or incorrectly labeled can seriously endanger
public health. Eating foods that aren't authentic can cause
allergic responses, foodborne infections, and chronic
health problems. Verifying the legitimacy of food is an
essential line of defense that lowers possible health risks
and prevents dangerous items from reaching customers
[14, 15]. Due to food adulteration, a number of
sophisticated analytical methods have been assessed
recently for their use in food authentication, particularly
for halal food items. Panels of qualified human experts
have evaluated the authenticity of halal food in the past,
but this traditional method has a number of drawbacks,
including drawn-out processes, expensive costs, and
subjectivity [16].

In the context of Bangladesh, a huge number of
confectionery products imported from foreign countries
including India, Pakistan, Thailand, Malaysia, Indonesia,
Nepal, China, UAE, Vietnam, which comprises of juices,
jams, chocolates, beverages, cakes, honey, cosmetics etc.
Although all these type of products are manufactured
locally. But, the process of production, methods and
ingredients may have big differences. Since 2000,
Bangladesh's confection food and beverage sector has
had the quickest growth since Bangladesh is an
agriculturally based nation. This industry alone accounts
for 22% of the national GDP and for 2.45% of the labor
force. Bangladesh may make a significant contribution to
the food and beverage business as an agricultural country
with a sizable population. Bangladesh is also having an
impact on the global market by exporting food and drink
to 90 different countries [45]. There arent many
publications that examine Bangladesh's food and
beverage industries, so this one will be important reading
for executives in the country's food business as well as
foreign investors who want to participate in this market.
The potential of Bangladesh's food and beverage
business may be of interest to university students,
educators, and fresh graduates without jobs.
Bangladesh's food sector benefited greatly from the
production of bakery goods and confectionery.
Bangladesh's food and beverage industries are quite
important in both local and global markets. Let's look at
some food sales data from Bangladesh.

Table 1: Sales estimation of different food products
in Bangladesh [46

Products Sales
Edible oils 6%
Fisheries 15%

Other food products 13%
Bakery & confectionery | 22%
Grain milling 40%
Fruits and vegetables 4%
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4. CONCLUSION

now associated with the

Food authenticity, or the lack of food fraud, is
local, high-quality, and

authentic food movement. Food marketing and branding
now have a chance thanks to the improved capacity to
identify issues with food fraud and confirm the
authenticity of food. Food that isn't authentic might be
dangerous and of low quality. Genuine culinary
ingredients could cost more due to their greater quality.
Foods that aren't authentic should not cost the same as
those that are.
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