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Abstract

There is increasing interest among researchers and consumers in the issue of food authenticity, as it directly related to
public health issues and consumers protection principle. The term authenticity is multidimensional and includes many
concepts such as fraud, origin, production process etc. The most common target of adulteration is meat, mainly due to
financial reasons; goat and sheep meat are often adulterated. The aim of this systematic review is to assess the literature
of the last 20 years on the topic of sheep and goat meat authenticity and to highlight the implications for public health
and consumer protection. A total of 419 articles were retrieved from two databases (Pub Med and Scopus) using specific
keywords and inclusion/exclusion criteria. Only 39 articles were related to sheep and goat meat and its products. A main
conclusion of this study was that there is limited research on sheep and goat meat compared to the other types of meat
and that the most common authenticity methods used are molecular techniques related to fraud detection. The main
authenticity issue investigated was the substitution of sheep and goat meat with another type of meat that is cheaper.
There is extremely minimal data available in relation to origin and production process of sheep and goat meat, that both
could add value to the end products and empower the specific agricultural sector, but also assure consumers of these
products special quality attributes.
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Introduction Organization (FAO) as: “The quality of a food to be genuine
and undisputed in its nature, origin, identity, and claims and
to meet expected properties” (CX/FICS 18/24/7). Indicatively,
the term authenticity includes the concepts of fraud, origin,
safety and mislabeling, that are aspects that can influence
consumers health and protection [4]. Food authenticity can
be assessed by several different analytical techniques such

Traditionally, meat and meat products are some of the
most basic parts of the human diet, providing nutrients of
important nutritional value, such as proteins and vitamins [1]
and alongside they are highly palatable. Sheep and goat meat
more specifically, are main part of people’s diet in several
parts of the world, such as the Mediterranean and the Middle
East, due to cultural, religious, social, and geographical
reasons [2]. As meat and especially sheep and goat meat
are considered expensive foods, their niche market is often
adulterated, something that has implications, either severe
or minor, to consumers, thus challenging public health. In that
sense, sheep and goat meat and meat products authenticity Published online: December 31, 2022
is related to public health issues, as one of the main public
health concerns includes access to essential, nutritional, and
safe food for everyone [3].
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as molecular, isotopic, chromatographic, spectroscopic or
their combination [5], thus relating to a special authenticity
parameter (fraud, origin, production etc).

More specifically, food fraud is considered “any suspected
intentional action by businesses or individuals for the purpose
of deceiving purchasers and gaining undue advantage
there from" (EC Reg 2017/625). This could be achieved by
adulterating the meat with other breeds or other species or by
adding/removing one ingredient. Recent meat scandals such
as the dioxin in poultry in Belgium (1999), the horse meat in
beef products (2013), and the” mad cow” disease (2000) have
drawn worldwide attention in terms of public health but in
parallel lead to severe economic losses [6].

Another pillar of authenticity is related to the origin of
meat or meat products relating to the geographical origin,
for example the indication of the country of origin or place
of origin of the primary ingredient of food as defined by
legislation (EU) 2018/775. In that sense, EU has introduced
systems relating, for example, to protected designation
of origin (PDO), protected geographical indication (PGl),
traditional specialties guaranteed (TSG) (EC 1151/2012),
mountain product (EC 665/2014), organic product (EC
848/2018), to safeguard consumers from misleading.

The authenticity type related to the production process of
afood, in our case meat and meat products, refers to the way
of farming, e.g., organic, or conventional, grass-fed livestock
and other nutritional interventions in animal farming, but also
to the actual production steps that may introduce hazards
to human health. In this case the certification of primary
production and the process of meat and meat products
through accredited schemes related to safety and/or quality
can assist safeguarding authenticity of the product [7].

Another aspect of meat and meat products authenticity
is the misleading labeling according to Regulation (EU) No
1169/2011. Indicatively, food labeling should include all
necessary nutritional and health claims. False information on
the label will mislead consumer choices, possibly resulting in
serious social, religious and health issues [8].

Based on the above mentioned data, it is extremely
valuable to assess the current situation of a rather neglected
type of meat, that of sheep and goat, in order to highlight
the importance of maintaining their authenticity, as this is a
common need of producers, academia and consumers [9].

The aim of this study is to systematically review the current
literature in relation to sheep and goat meat authenticity,
over the last 20 years and identify how these possibly may
affect public health.

Methodology

Search strategy and data sources

Two reviewers (LD and EM) searched the scientific
electronic databases (SCOPUS and PUBMED) for peer-
reviewed articles between 2000 and 2021, using the following
keywords: food authenticity OR authentication AND meat.
Studies identified from searching electronic databases were

combined, duplicates removed, and papers were screened
for relevance to the review based on the title and abstract.
Another reviewer (AM) screened abstracts, and potentially
eligible papers were identified.

Inclusion/Exclusion criteria

Studies were included if they were (A) research articles,
(B) published in English, (C) related to sheep and goat meat,
and meat products authenticity and (D) published between
2000 to 2021. Studies were excluded if they were (A) review
articles and (B) related to other meat producing species.

Study selection and data extraction

The papers retrieved, excluding duplicates, were 419. Of
those, 380 papers were excluded based on the inclusion/
exclusion criteria used. The studies finally included in this
review were 39 (Figure 1) and the full text of references
identified as potentially relevant was obtained and analyzed
further.

These articles were then categorized into two main
categories. The first concerns the methods of analysis
(Molecular, Isotopic, Chromatographic, Spectroscopic,
Combination) and the second the type of authenticity
identified (fraud, origin, production, mislabeling). The second
category (type) was then further categorized in terms of type
of fraud (species, breeds, ingredient added or replaced) and
type of food (carcase, meat products, wild animals).

Results and Discussion

As the literature is ambiguous as to what constitutes
authenticity, many view fraud solely as a violation of
authenticity. This study approaches the term “authenticity”
holistically according to the official definitions. Initially,
the research focused on the analytical tools used in sheep
and goat meat authenticity, namely, molecular, isotopic,
chromatographic, spectroscopic, and combination of
methods. The second pillar of our research focused on the
kind of authenticity that research dealt with. It was analyzed
in four subcategories. The first was the type of fraud, which
involved the adulteration of meat with other breeds or species
and the replacement of an ingredient. The second was the
geographical origin of meat or meat products, for example
the indication of the country of origin or place of origin of
the primary ingredient of food as defined by legislation (EU)
2018/775. The third concerned the method of production,
for example organic/conventional, grass fed etc. Finally, the
fourth subcategory was misleading labeling according to
Regulation (EU) No 1169/2011.

Initially, it is important to emphasize that out of a total
of 419 articles identified by the research done, only 39
were about sheep and goat meat in relation to other types
of meat, such as beef and pork which were most of them.
These two types of meat are very nutritious and often subject
to adulteration usually due to their high price as Jiang, et al.
2022 mentions about mutton kebab compared to other types
and it would have been expected to receive more interest by
the academic and research community.
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Figure 4: Authenticity type ranking percentage.
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Analytical tools used for sheep and goat meat
and products authenticity

With regards to the analytical approaches on goat
and sheep meat and meat products authenticity, the data
retrieved showed that the primary tools (38%) used are
molecular techniques, followed by spectroscopic methods
(28%) and other methods as presented in detail in Figure 2.

In relation to the primary group of methods used, the
molecular, the most common analytical approach relates
to Polymerase Chain Reaction (PCR), multiplex PCR and
electrophoresis. Mounika, et al., [10] reports that molecular
methods are the flagship of food authenticity generally, and
more specifically for meat and meat products as they focus
on detecting and quantifying species adulteration.

Investigating the type of authenticity assessed by
molecular methods (15 articles), it was found that the main
issue was food fraud (100%) and specifically the adulteration
with meat from other species (100%). The most frequent
fraud with other species was related to pork and beef,
most likely related to economic as well as religious issues,
as reported by Liu, et al. [11] and Hu, et al. [12]. Meat
adulteration has been of great interest since the horsemeat
scandal of 2013 which led the research community to
intensify the accuracy and suitability of the analytical tools
used to provide immediate and high-proximity results, with
focus on beef meat, whether sheep and goat seems to be
rather neglected. It should be noted that out of a total of 39
articles, 25 were published between 2013-2021 and of these
17 investigated the adulteration of goat and sheep meat and
88% the adulteration of other types of meat. Interestingly, in
65% of these articles, the main products studied are carcasses
and raw meat while ready-to-eat products have not been
studied as much. As reported by Agnoli, et al. [13] considering
the opinion of European consumers, 57% of the average of
all countries surveyed voted that the importance of correct
labeling of food ingredients is "very important". They also
state that DNA-based assays are the most widely used to
detect authenticity, which is also reflected in our results.

As presented in Figure 2, other than molecular techniques
that are used for sheep and goat meat and meat products
authentication, based on the frequency identified, are:
spectroscopic > isotopic > chromatographic and then there
is an interesting amount of work done using a combination

of analytical tools (8%), that is believed to be a thorough
approach in authentication that is not focusing solely in one
parameter, as reported by Wang, et al. [14] and Sivadier, et
al. [15].

The second most common method used is spectroscopic
at 28% (Figure 2). It is the first method where all four types of
authenticity have been investigated (fraud, origin, production,
labeling). However, the largest percentage of the analysis
with 64% was that of adulteration with other types of meat,
followed by the production process with 18% and 9% for the
geographical origin and 9% for mislabeling (Figure 3). The
fact that with the spectroscopic method there are data for all
types of authenticity proves the potential of this methods for
the whole range of risks related to authenticity. As reported
by Crouzet C, et al. spectroscopic methods are mainly used to
assess meat adulteration and there is a future trend for their
use in multi-component detection as they are fast, reliable,
and usually non-destructive as the FT-IR (Fourier-transform
infrared spectroscopy) technique.

The next in ranking methods, are isotopic with 21%
(Figure 2). A total of 50% of the research with isotopic was
used for determining sheep and goat meat origin, 25% were
focused on production and 25% were focused on fraud. The
isotopic methods used mainly refer to nitrogen, carbon,
sulfur, oxygen, and trace elements detection. Qi J, et al. states
that isotopic methods in food analysis and more specifically
in meat authentication are used for determining the origin
of the product, while there are some reports that use these
methods for discriminating the production system as well
[16].

Finally, with regards to the methodologies with smaller
percentages, there are chromatographic techniques with 8%
and the combination of this with spectroscopic techniques
(5%). Chromatography mainly dealt with adulteration with
other animal species and with the production process, and
similarly the combination of methods studies was used for
the same purpose (Table 1).

In conclusion, sheep, and goat meat authenticity so
far, is focused on sole parameters, such as fraud and more
specifically on adulteration with other species while there
is no data on other types of fraud such as substances
supplementation. There is also very limited data regarding
sheep and goat meat products authenticity, as emphasis

Table 1: Classification of articles based on combination techniques for sheep and goat meat authenticity.

No of Type:
Year Articles Methods Type Fraud Food References
Chromatographic Chromatogr?phlc, Spectroscop.lc, Fraud Production Othe_r Raw
Spectroscopic Chemometrics species | meat
Gbémez-Cortés P, et
2021 1 1 1 al. [17]
2020 1 1 1 1 1 Wang J, et al. [14]
2015 1 1 1 1 Huang, et al. [18]
2010 1 1 1 1 Sivadier G, et al. [19]
2008 1 1 1 1 1 Sivadier G, et al. [20]
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is currently given on raw meat. Overall, it is observed that
there is no direct relation in current literature among sheep
and goat meat authenticity with public health issues, that
should be addressed efficiently in the future. Finally, it was
observed that there is no data related to sheep and goat
meat authenticity using other methodologies such as e-nose,
immunoenzymatically, signal processing and chemometrics
that are frequently used in other types of meat authenticity
assessment, that reflects the need to create specific tools for
special authenticity parameters such as targeted chemical or
volatile compounds, as also stated by others [5].

Types of goat & sheep meat and meat products
authenticity

The second pillar of this review focused on the type of
authenticity examined by researchers so far. Authentication
problems for sheep and goat meat and meat products fall
into four broad subcategories: Fraud (other species, other
breed), geographical origin, production (organic/conventional
etc) and incorrect labeling. Overall, investigating the type
of authenticity with regards to goat and sheep meat and
meat products that researchers have focused the last two
decades, the main interest is on fraud (69%), followed by
production (15%), geographical origin (13%) and mislabeling
(3%) (Figure 4). The most common type of authentication
detection is fraud by either different species or breeds or by
the addition or replacement of a component, as previously
discussed. In relation to the type of authenticity “Origin”,
there are few studies on the control of geographical origin (5
articles) representing 12% from the total of articles screened,
although special attention is drawn by EU regulations. Even
though there is a regulatory framework related to the origin
authenticity, the literature presents limited data on this type
of authenticity, as reported by [5] as well. The content of trace
elementsandisotopesin meat depends onvarious factorssuch
as food intake, drinking water, pollution, and soil composition,
which is related to the geographical origin. In future research,
basic knowledge about stable isotope fractionation results in
nature could be generated to design databases for certified
authentic products. Fixed isotope procedures will not replace
conventional analytical methodologies but will serve as
additional necessary tools in food analysis. Meat products,
especially Protected Geographical Indication (PGI) products of
selected varieties produced in specific regions, have a higher
value in the market. The determination of geographic origin
has been achieved with varying degrees of success, and the
accuracy can be improved by combining different methods
[21]. However, when the PDO and PGl statements are to be
verified, it is applied with a combination of parametric and
multivariate statistics, and it is possible to accurately match a
specific source. The methods used include nuclear magnetic
resonance and pattern recognition techniques that have been
used to study the geographical origin of meat.

A total of six articles dealt with “production authenticity”’,
solely related to the primary production conditions, in terms
of the applied feeding system. e.g., organic/conventional,
whether no articles were found to be related to the
actual production process from a technology/processing

point of view. In any case, the available data is extremely
limited, although this type of authenticity could have been
strengthened more, as feeding regimes for example, could
positively affect the quality and environmental profile of
the final product, aspects that modern consumers are
extremely aware, as mentioned by Gémez-Cortés P, et al.
[17]. In relation to the absence of data related to the actual
production process by technology/processing, there could be
a possibility for further research, as mentioned by Tejerina
[22], by applying spectroscopic methods to classify and detect
the purity and the storage time of other types of meat.

In the type of authenticity related to mislabeling, only one
article was retrieved, which reports a spectroscopic method
for determining the authenticity of an enriched goat meat. As
proper labeling of meat products is important to ensure fair
trade and enable consumers to make informed choices, it was
expected to find more relevant research [23].

Conclusion

This study presents that there is limited research on sheep
and goat meat authenticity, even though it is considered
as highly nutritious food and consumed widely, mainly
in Middle East and Mediterranean countries. Generally,
most of the research on meat authenticity was done after
2013 following the horsemeat scandal. Most authenticity
research is conducted with molecular techniques, detecting
the adulteration of sheep and goat meat with other animal
species. In general, it is observed that the largest percentage
of studies focused on fraud, something that proves the
possible confusion in the term of authenticity, that should
refer to other aspects as well, such as origin, way of production
etc. The available evidence on sheep and goat origin and/or
way of production is extremely minimal, even though it is
equally important to safeguard consumers and empower the
primary production sector. Furthermore, authenticity testing
is mainly performed in raw meat, creating a gap in relation to
meat products authenticity.
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