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Abstract: Only some animal species could be transformed into halal salami and the raw meat must
be obtained from ritually slaughtered animals. Several scientific studies have been conducted on
ritual slaughtering practices and manufacturing of meat products for Jewish and Muslim religious
communities; furthermore, many projects have been funded by the European Community on this
topic. The authenticity and traceability of meat is one of the priorities of halal food certification
systems. The pig matrix (meat and/or lard) may be fraudulently present in halal processed meat,
as well as salami, for both economic and technological purposes; in fact, the use of these raw materials
reflects the easier availability and their lower cost; furthermore, it allows manufacturers to obtain final
products with better quality (sensory properties) and stability (especially with respect to oxidative
reactions). The aim of this review is to discuss the qualitative and technological aspects of halal raw
meat for dry fermented sausages (salami); moreover, this study focuses on the most recent studies
carried out on the certification system and on the analytical methods performed in order to solve
problems such as fraud and adulteration of halal salami and other halal meat foods.
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1. Halal Meat Products and Regulations in Europe

Today Muslim people constitute about 25% of the population in the world and this is expected to
increase further; the size of the global halal market could reach around $2.6 trillion [1,2]. Muslims are
projected to increase as a share of Europe’s population. The share of Muslims in Europe’s population
as of 2050 would be depending on three possible future migration scenarios: it would be expected
to be somewhere among 7.4% (zero migration) or between 11.2% (“regular” migration) and 14%
(high migration) [3].

The halal food market is a considerable economic opportunity for agro-food enterprises.
The migratory flows and the substantial rise of the Muslim population in Europe not only affects
the socio-cultural aspects but also from an economic point of view, regarding foodstuffs and other
products (drugs, cosmetics, etc.) that must be permissible (halal) to Muslims consumers, following
specific religious laws [4-8]. Malaysia has been the first country in the world to establish halal -related
laws [9]; it has a documented and systematic halal assurance system; besides conventional legal texts,
fatwa is a legal opinion issued by Islamic scholars based on interpretation and adaptation of verses
from Koran and Ahadith [10].

Traditional halal meat products can be processed in five different ways: salted and/or marinated
but not dried, dried not fermented, fermented semidry/dried, smoked, cooked and/or candied [8].
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The production and consumption of halal meat products, as well as halal salami, obtained through
Islamic slaughter rites, have been growing steadily in Europe over recent decades and even the food
safety legislation had to consider religious slaughter practices to avoid conflicts [11]. Salami is one
of the most representative dry meat products of Mediterranean countries; it involves long ripening
periods, with different final quality due, most of all, to their different compositions as the variable
ratio of meat and fat, autochthonous or selected microbiota, additives and ingredients, all of them
representative of risks to Halal assurance [12,13]. Figure 1 depicts the most important issues to be
considered when halal salami products are produced (Figure 1).
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Figure 1. Main issues regarding the quality and authenticity of halal salami.

The European Union law on slaughter imposes stunning of the animal (applied through electrical,
mechanical or gaseous means) before slaughtering, with the exception of ritual slaughter (Regulation
EC n. 1099/2009) [14]; for this reason it is important to involve Islamic scholars in the research to
enable stakeholders in the meat industry to make decisions regarding the aspects of pre-slaughter
stunning [15].

Another aspect that needs to be taken into account is the effect of halal bleeding on meat quality
and animal welfare. Aghwan et al. [16] reported that an efficient bleeding process after halal slaughter
not only maintains the quality and wholesomeness of meat but also potentially reduces suffering and
pain of animals.

According to the most recent data, it is estimated that about 26 million of Muslims and 1.1 million
of Jews live in EU [3], therefore, the number of ritual-slaughtered animals is rather high in Member
States [17,18], and this fact requires the particular attention of the Institutions. For example, recently,
the General Advocate of the European Court of Justice (ECJ) affirmed that stating that ritual slaughter
is incompatible with organic farming this would mean “adding a condition not provided for by current
legislation”, while consumers of kosher or halal products have the right to benefit from the guarantees
provided by products labelled “organic farming” in terms of food quality and safety [19].

In Table 1, the rules providing the regulation of halal foods in Europe are collected. In the present
review, the considered rules are those related to safety, hygiene, and quality aspects of halal salami and
other meat products.
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Table 1. Rules providing the regulation of halal foods in Europe.

Label statement

n. 1169/2011 [24]

Subject Law Regulation Issue
on laying down the general principles and
Food safet Regulation (EC) requirements of food law, establishing the
y n. 178/2002 [20] European Food Safety Authority and laying
down procedures in matters of food safety;
Regulation (EC) . .
n. 852/2004 [21] on the hygiene of foodstuffs;
Food hygiene - - —
Regulation (EC) laying down specific hygiene rules for food of
n. 853/2004 [22] animal origin;
Food contact materials Regulation (EC) on materials and articles intended to come into
n. 1935/2004 [23] contact with food;
Animal slaughter Regulation (EC) on the protection of animals at the time
(including ritual one) n. 1099/2009 [14] of killing;
Regulation (EC) on the provision of food information

to consumers;

2. Halal Salami Processing

Halal meat is generally consumed as fresh meat, or as processed products, such as pasties,
sausages, luncheon meat, turkey breast, bologna or salami.

Generally, salami means fermented and dried sausages manufactured with raw pork, beef or
a mixture of pork and beef meat, although other animal species (goat, sheep, goose, horse, donkey,
turkey, wild boar) can be used, depending on the typical products and on the geographic area of
production [25,26]. Nevertheless, only some of these species could be transformed to halal salami,
and the raw meat must be obtained from ritually slaughtered animals. The different raw materials,
as well as the ingredients which should be in compliance with halal prescriptions raise issues that need
to be addressed.

2.1. Halal Raw Material

Ante-mortem treatments and slaughter management could affect carcass traits and meat quality [17,27].
Although most scientists would accept the fact that the meat quality in stunned animals is comparable
to that of animals slaughtered without stunning, it has been recently disproved: in fact, when lambs
were slaughtered without stunning, their meat developed lower drip before cooking, and had less
cooking loss, compared to meat from electrically or CO, stunned lambs [28].

A recent study has demonstrated that three halal slaughter methods have no substantial effect
on lamb meat quality [29], while it has not been tested whether or not halal slaughter influences the
quality of halal dry meat products. The broiled chicken meat sausage was investigated for the effect of
ritual slaughter on microbiota: halal samples were not contaminated with either coliforms, E. coli or
Salmonella, while the non-halal meat sausage contained 1.50 x 10°, 2.33 x 10° and 1.50 x 10° CFU g~! of
coliforms, E. coli and Salmonella, respectively [30]. Results of this study highly recommended to follow
the Islamic rule in slaughtering poultry and to apply hazard analysis and food hygiene rules to reduce
the risk of cross contamination with food-borne pathogens in poultry farms.

Several authors have proposed sheep meat as suitable for ripening processes [31-33]; in addition,
other studies have been conducted on the influence of animal nutrition, in order to improve the
composition quality of meat and fat [34], with a possible influence also on the sensory acceptability
and stability of the transformed products.

The use of lard is preferred in batter making (or even dough processing) both for its ready
availability and for its functional properties (in particular higher melting point, able to improve
organoleptic properties such as texture and succulence), although some limitations exist. In fact,
as pork is forbidden in the diet of many people for religious reasons, in halal salami both meat and fat
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have to be replaced in agreement with all the other imposed requirements on the manufacture and on
the use of ingredients and additives [12]. In Italy, a recent study has collected data regarding market
demand for salami with halal certification; in particular, interviews were carried out with two groups
of consumers, of which 103 of Muslim and 151 non-Muslims faith. Both groups of consumers showed
a high interest in purchasing equally goat and sheep salami with halal certification [35]. Unfortunately,
some critical issues are related to the replacement of pork meat in dry fermented sausages, due to
the low oxidative stability of other fats and the strong sensory impact of the raw materials [26].
Several studies have been conducted on the quality of Turkish sausages made from sheep in order to
improve sensory characteristics and texture [36,37], but only few researchers reported on halal salami:
for example, Indian salami, prepared with meat and fat of buffaloes slaughtered according to halal
rites, have been investigated [38]. Furthermore, in halal salami the influence of spices (es. pepper,
paprika, cumin, garlic) and their essential oils, on the inhibition and/or control of alterative phenomena
should be considered. For example, during the ripening and storage of dry fermented mutton sausages
formulated with pepper and cumin, a significant increase in level of MUFA and PUFA/SFA ratio was
observed in respect to the control [39]. Therefore, autochthonous microbiota of fermented sausages
could be related to free fatty acids profile as well as to the production of secondary metabolites with
toxic action (biogenic amines) [40,41].

To the best of our knowledge, in the literature only few studies declare the preparation of samples
according to the halal procedures, but it would be correct to assume that published researches on
Turkish traditional dry-fermented sausage (sucuk) [42,43] concern halal salami.

Therefore, bez sucuk is a type of Turkish fermented beef sausage, mainly produced by butchers
and small-scale facilities that use traditional technologies without adding starter cultures, in which a
few manufacturers use curing agents such as sodium nitrite. Bez sucuk differs from other Turkish-type
fermented sausages due to the use of cloth casings sewn to size of 7 X 25 cm from uncolored cloth
with 42 threads per cm?; therefore, the formulation and process conditions (temperature, humidity,
and ripening period) show differences among all manufacturers of bez sukuk [44]. Bez sucuk
processing has three production steps: mixing the sucuk batter, filling the cloth casings, and ripening
for 10-14 days [45].

2.2. Preservatives

In general, the effect of the use of additives (glucose, sodium nitrite, sodium nitrate, sodium
ascorbate and sodium citrate) on the safety and quality of dry cured meat products has been
studied [37,46]. Many chemical ingredients are added in the halal food production process to enhance
the food characteristics, and also preservatives could be added in salami formulation. A halal food
additives checker system has been optimized to provide consumers with a useful result on the
product safety meeting Halalan Toyyiban criteria, where the latter indicate that processed foods or
ingredients shall be safe for consumption, non-hazardous and non-intoxicating, thus emphasizing
quality aspects [47].

In recent years, microorganisms have been a remarkable option for halal production.
Halal principles must be followed in the manufacturing of bioproducts, therefore the adding of
microbial ingredients must match this specification too. Assuming that in the future the share of
halal microbial products will increase in the biotechnology market, Karahalil et al. [48] evaluated the
steps of a fermentation process from an Islamic point of view and determined the control points for
halal requirements.

2.3. Sensory Profile

The sensory characteristics of processed meats could be affected by several factors, such as the
kind and the quality of the raw material, the ingredients (other than meat), the eventual addition
of starter cultures and the processing. As the raw materials are different from classical sausages,
their impact on the final sensory traits of the product has to be considered.
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Recently, different percentages of mutton (from adult female sheep, over four years old) and
additional autochthonous starter cultures (Staphylococcus xylosus LQ3 and Pedioccoccus pentosaceus P38)
were tested in a study on fermented Turkish sausages [49]. The results of this research showed that the
use of indigenous microbial cultures attributed positive and typical characteristics to the fermented
sausages, with a high hedonic score for sensory acceptance; furthermore, a positive effect of mutton on
the reduction of unsaturated fatty acids and an increase in red tonality were proved.

Moreover, the volatile profile of fermented meat sausages containing 90% of mutton was
characterized by a higher abundance of butyric (C4: 0), hexanoic (C6: 0) and octanoic (C8: 0)
acid, related to hydrolytic rancidity or to the oxidation of fatty acids; moreover, butanal and a high
level of hexanal were detected, too. Generally, low concentrations of short chain saturated fatty acids
(up to 10 carbon atoms) are desirable in fermented meat [50]; furthermore, autoxidation of long chain
unsaturated fatty acids can generate aldehydes and other aliphatic volatile compounds [51].

With the aim of meeting the growing need for meat in developing countries, several research
projects have been carried out on new formulations of halal salami, such as sucuk reformulated
with camel meat and hump fat [52]. The camel meat, especially from young animals, contains less
fat and cholesterol and relatively higher PUFA than other meats; therefore, camel-hump fat is used
for the production of a cocoa-butter analogue, so its use in dry sausages provides final products of
high-quality. In fact, results of this investigation showed a good potentiality of these innovative raw
materials, such as sucuk made from camel meat and hump fat showed physical-chemical, fatty-acid
and volatile-compounds profiles and sensory qualities similar to sausages made from beef and beef fat
(traditional sukuc).

2.4. Biogenic Amines

Biogenic amines have been implicated as the causative agent in several food poisoning outbreaks.
Fermented food, such as Turkish style fermented sausages, can also contain biogenic amines; in fact,
microorganisms possessing the enzymes and amino acids decarboxylases, which convert amino acids
into biogenic amines, are responsible for the formation of these compounds in fermented meats.
In addition, in dry fermented mutton sausages, safety and quality have been proved to be difficult
to guarantee, particularly because of the presence of biogenic amines, which can accumulate, as a
consequence of the presence of producing bacteria [53]. High concentrations of BAs have been found
in industrial dry sausages added with starter cultures and not only in artisanal ones, because pure or
starter cultures could not be sufficiently competitive in suppressing the growth of wild amine-producing
microbiota [41]. Thus, the quality of the raw materials and ingredients and the hygienic processing
practices are crucial to control the BAs production in fermented meat products; nevertheless, selected
starter cultures could also help in containing the BAs amount. In fact, although the amino acids
decarboxylase potential is strain specific, starter species such as Lactobacillus sakei, Lb. plantarum and
Staphylococcus xylosus, are generally described as weak or non-aminogenic bacteria. Moreover, different
studies have been conducted to evaluate the effect of a combination of negative amine producer starter
cultures (Lactobacillus spp., Pediococcus spp., Staphylococcus spp. and Micrococcus spp.) in the reduction
of the biogenic amines amount during fermented sausages manufacture, with interesting results,
proving a BAs reduction from 9% up to about 100%, depending on the specific biogenic amine [54].
These studies underline the importance to test the starter culture strains with the aim of improving the
quality and safety of the final product.

As a whole, the sum of vasoactive biogenic amines (tyramine, histamine, tryptamine,
2-phenylethylamine) results not exceeding 200 mg kg~! when dry fermented sausages have been
manufactured according to excellent hygienic conditions and good manufacturing practices (GMP) [55].

Ekici and Omer [56] investigated the biogenic amines concentration reached in 120 sukuc samples
collected from 10 different brands sold in the local markets of Van (Turkey). Tryptamine (0-129.4 mg/kg),
2-phenylethylamine (0-65.6 mg/kg), putrescine (0-255.6 mg/kg), cadaverine (0-1148.8 mg/kg), histamine
(0-469.4 mg/kg), tyramine (0-438.1 mg/kg), spermidine (0-554.4 mg/kg) and spermine (0-614.4 mg/kg)
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were detected, showing that the occurrence of biogenic amines represent a real risk associated with the
fermentation of halal salami.

Other studies were carried out on bez sucuks produced with different meat:fat ratios (90:10, 80:20
and 70:30, respectively); the results showed that bez sucuks with the highest meat ratio (90:10) had the
highest tryptamine, putrescine, and tyramine levels at the end of the processing and storage period [57].

Spices and other plant materials used in fermented meat for their flavoring effect, as well as for
the antioxidant and bacteriostatic activity, due to the content in essential oils, phenolic compounds and
organic acids, can also reduce the formation of biogenic amines [42,58] (see next section).

2.5. Use of Spices and/for Plant Extracts

Often added to fermented meat products with the aim of enriching the taste and the sensory
characteristics, spices and plant extracts also exert interesting bioactivities. In detail, the phenolic
constituents of spices and plant extracts are able to interact with the cytoplasmic membrane modifying
its fluidity and permeability [59] up to the rupture, with consequent impairment of energy production
and leakage of cytoplasmic material [60]. These effects could be useful in contrasting the viability and
the metabolic activity of biogenic amines-producing bacteria, with greater effects than nitrites [53].
For example, Jia et al. [53] investigated the inhibitory effect of several spices including clove, cassia,
bay leaf, fennel, star anise and nutmeg on the biogenic amines accumulation in dry fermented mutton
sausages, revealing that particularly cassia and fennel were very effective in reducing the biogenic
amines amount. In detail, reductions up to 27.5% were observed for spermidine, followed by 24.6%
for 2-phenylethylamine, 21.8% for tryptamine, 18.7% for tyramine and even 24.4% for histamine,
thus proving the importance of spices for the safety of fermented meat products, at least from this
point of view.

Nevertheless, spices were demonstrated to improve also the safety profile of pastrami, a dry-cured
meat product traditionally produced in Egypt with beef, lamb, water buffalo or camel meat, and very
common also in Mediterranean and Middle East countries [61]. In detail, spices contained in a
seasoning paste made of salt, sweet and hot pepper, fresh garlic, clove, coriander, rosemary, fenugreek
seeds and nutmeg, decreased Escherichia coli and aerobic microbial counts and reduced aflatoxins
content below the permission limit of 20 ppb [62].

Due to their antioxidant activity, spices such as curry leaves, torch ginger and cinnamon have been
proved to maintain the quality of lamb meat also during cooking processes, reducing the formation
of heterocyclic aromatic amines, poly aromatic hydrocarbons and trans fatty acids [63]. In 2015,
the International Agency for Research on Cancer from the World Health Organization, recognized
the above mentioned compounds as responsible for cancerogenicity for consumption of red meat and
processed meat. An overview of the effectiveness of spices and natural products in counteracting the
development of potential carcinogenic substances in meat products has been recently provided by
Lee et al. [64].

Most of all, spices in meat products are essential to contain the oxidative reactions at the expense
of lipid and protein fractions, leading to pigment, flavor, and texture deterioration and to the shelf-life
reduction. As raw materials often rich in unsaturated fatty acids are used to produce halal fermented
meat products, the role of spices in this kind of product is particularly important to improve the
oxidative state of the final product. Mediterranean plants exert antioxidant activity due to the presence
of phenolic compounds, terpenes, organosulfur compounds, acids and other molecules, able to contrast
proteins and lipids oxidation, decreasing metal ions and scavenging radicals [65]. The same chemical
species allow the spices to exert antibacterial and fungicidal activity, against spoilage and pathogenic
microorganisms, acting as biopreservatives, improving the safety profile and extending the shelf-life of
processed meat products. Therefore, although they are traditionally used in meat and meat products
to enrich and enhance the sensory profile of the products, spices and plant extracts have an important
impact on many aspects of the products, thus protecting the consumers health, and resulting in a clean
label also for halal meat products [66]. Necessarily, for halal products, the spices must be halal-suitable
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and particular attention has to be paid to spices blends, where non-certified animal-based ingredients
have to be avoided, and the risk of cross-contamination should be carefully checked.

2.6. Halal Casing

Currently, the use of halal meats increases the request for halal casings. In fact, while the
traditional pork casings are obviously forbidden, those obtained by other animals are allowed, as long
as these animals have been slaughtered in compliance with halal provisions. Moreover, beside non
animal casings such as those made of cellulose and other plant materials, innovative solutions are
actually under study. For example, the production of a chitosan casing could be well-suited for
commercial application in halal sausages. A study on a novel chitosan-based casing provided an
alternative packaging material to collagen to be used as a sausage casing for the meat industry, showing
similar mechanical properties as the collagen casing, but lower water solubility, superior transparency,
and better UV light barrier [67]. Recently Marcos et al. [68] proposed the co-extruded alginate coating
as a feasible alternative to collagen casing: in fact they observed a regular evolution of pH values
during the fermentation step (from the initial value about 6.0, the pH decreased just below 5.0) and the
control of spoilage microorganisms; no significant difference resulted on the final a,, value (<0.92), buta
faster drying kinetic was observed in sausages with alginate coating compared with the ones stuffed
into collagen casings; finally, authors reported no significant differences on the sensory properties
between different casing types.

Sezer and Bozkurt [43] tested the applications of active packaging on the stability of traditional
Turkish type fermented sausage; these authors carried out a study concerning the effect of the
incorporation of antimicrobials (chitosan and silver substituted zeolite, AgZeo) into multilayer films
as a novel casing. Chitosan has an antimicrobial spectrum against Gram(+)/Gram(-) bacteria, molds,
and yeasts [69], whereas Ag-ions exert high antimicrobial activities due to their inactivation effect
towards a series of metabolic enzymes [70].

Aerobic plate count and lactic acid bacteria were decreased significantly (p < 0.05) by
chitosan-incorporated casing; moreover, antimicrobial plastic casings including chitosan and AgZeo
decreased (p < 0.05) putrescine, histamine, and tyramine formation in sucuks, therefore, these novel
casings could be used to improve quality and safety of halal salami [43].

Finally, a very important aspect to be studied is the evolution of dehydration processes to assess
the diffusive phenomena of salt and water, in order to build simple predictive models concerning the
safety and quality of halal salami and other halal cured meat products [71].

3. Food Safety in Halal Assurance

Nowadays food safety is a responsibility of government agencies and organizations. European
Community (EC) legislation (see Table 1) is primarily geared towards ensuring the production of safe
foods for human health but also for ensuring free competition in the food market.

For foodstuffs of animal origin, further specific hygiene requirements are necessary (prescribed
by Reg. 853/2004) [22], as these products may present macrobiotic and chemical risks for the human
health and therefore, they require the application of specific rules. The rules dictated by Reg.
853/2004 are added to those related to animal welfare [72], without posing particular issues to ritual
slaughter operators.

In addition to the above mentioned laws, Regulation (EC) N. 1935/2004 of the European Parliament
and of the Council of 27 October 2004 on the regulation of materials and articles intended to come into
contact with foodstuffs [23] should also be taken in account. In general, once these materials come into
contact with food, they must not cause unacceptable changes in foodstuffs; nor should these provisions
pose particular problems to halal slaughter operators.

Hazard Analysis and Critical Control point (HACCP) system is considered to be effective for
enhancing food safety; furthermore, other standards, such as ISO series, Approved Quality Assurance
(AQA), Good Agricultural Practices (GAP), Good Manufacturing Practices (GMP) and the Food Safety
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Management System (FSMS) could be considered for food quality and safety. These standards could be
contemplated by more than one hundred active certifying bodies, governmental or non-governmental
organizations, for halal compliance [73]. In a recent study, many areas for potential research in halal
assurance in the food industry have been identified, and critical issues have been highlighted [74].
Incorporating halal features into the HACCP system could be a plausible tool for halal assurance.
As the HACCP and Halal certification processes are similar, the integration of the halal assurance
scheme into the HACCP system could be feasible [75].

Although the knowledge of all factors influencing the halal assurance systems is a determinant to
help companies to identify intervention strategies to improve their performance, limited literature is
available on this issue [76]. Recently, Malaysian researchers have applied an interesting study design to
explore critical factors affecting the halal assurance systems: different factors in every country, region
or food chain can be found, with differences resulting between food sectors and subsectors and among
small or medium (SME) and large-sized enterprises [77]. These studies are particularly important for
SME:s that have limited resources.

4. Authentication of halal Meat for Salami and Other Meat Products

With the increasing population, the demand for halal food products also increases, putting a
responsibility upon government, jurisprudence and companies to certify halal products [78].

The matching of each product with the label statement is a quality requirement; in European
countries it is mandatory that the products are labelled in accordance with Regulation (EC) n. 1169/2011
of the European Parliament and of the Council of 25 October 2011 on the provision of food information
to consumers [24]. Furthermore, for halal foods, the need for clear halal labels, ensuring that the
product (from the ingredients to the processing and handling) meets the appropriate requirements,
is a critical issue. Due to the repeated discoveries of non-halal ingredients in food otherwise labelled
as halal, the status concerning the determination of halal and non-halal food products needs to be
carefully read.

The analytical authentication of halal foods has the purpose of solving problems such as fraud and
adulteration of halal products that are highly critical both for importing countries (such as Malaysia,
Saudi Arabia, Singapore and Brunei Darussalam) and for the top halal food exporters (Brazil, Australia,
USA and France) [79-81]. Various halal supervision agencies work closely with food industries to
obtain the permission to use their supervision agency’s trademark symbol on their products.

Halal authenticity is an issue of major concern in the food industry, and methods of lard detection
have been performed for the investigation in food products such as cakes and chocolate [82,83].
Moreover, specific techniques able to exclude their possible contamination or fraud have been
developed [84-86]. A frequent adulteration of meat products is the addition of pork to beef products,
which is carried out for economic gain and represents a serious problem in the halal food industry,
in particular for the authenticity of minced and homogenized meat products. Moreover, often companies
producing halal meat products also process other kinds of meat, and thus cross-contaminations are
possible. Therefore, many researches have been recently carried out for authenticating the species
composition of meat products [87-91] and in particular the halal authentication studies are focused on
the detection of pork derivatives (meat or lard) [92,93].

Different commercial kits which investigate porcine protein and DNA have been developed in
many countries (such as USA, UK, France and Belgium) in order to establish the halal authenticity of
food products [94]; kits are useful as they generally allow a rapid determination of the contamination,
nevertheless the addition of meat different from pork could remain undetected. To date, different
techniques are routinely applied for meat species detection and identification in food: in Tables 2 and 3,
protein-based and genetic methods suitable for evaluating the authenticity of halal meat products are
reported, respectively. Due to the characteristic of proteins that tend to denature at high temperatures,
these methods have limitations in the detection of animal species from cooked, baked or heat-treated
food products; on the contrary, DNA-based methods are more sensitive and reliable, as DNA is
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found in a majority of cells, it is species-specific and is stable at higher temperatures [95]. However,
meat processing could denature short DNA sequences [96] whilst the primary structure of peptides is
relatively stable; for this reason a possible approach for highly processed meat authentication could be
the combination of chromatography with mass spectrometry (MS), thus investigating the molecular
weight and amino acid sequence of meat proteins [13].

Table 2. Examples of protein-based methods for halal authenticity analysis.

Methods Aim References
Immunoassay (ELISA) Porcine gelatin determination in processed foods [97]
Isoelectric focusing (IEF) Meat authentication in raw and cooked meat products [98]
Chromatography and mass Meat authentication [13,79]
spectrometry (MS) Meat species determination [99]
. Pork fat detection [100]
Electric nose (EN) Pork meat detection [66]
Identification of muscle proteins of different species [101]
Mass spectrometry soft ionization Horse and pork meat detection [102]
Horse and pork meat detection in highly processed food [103]
Fourier transform infrared Lard detection [104]
spectroscopy (FTIR); Pork detection in sausages [105,106]
Near-infrared spectroscopy Pork derivatives detection [107,108]
(NIR; FT-NIR) Adulteration of meat [109]

Table 3. Examples of genetic methods for halal authenticity analysis.

Methods Aim References
Simple sequence repeat (SSR) and Meat traceability [81]
Single nucleotide polymorphism (SNP) Meat fraud [110]
Pork derivatives detection [11,84]
. . Pork derivatives detection in gelatin [111]
Polymerase chain reaction (PCR) Meat species identification [85,112,113]
Authenticity determination [94]

Pork meat detection in meat products

PCR- Restrzct%on Fragment length Rabbit, rat and squirrel meat detection [114]
polymorphism (PCR-RFLP) in frankfurter [92]
Horse and donkey meat detection
Real Time PCR Species identification of meat [115,116]

Pork meat detection
Pork meat detection and quantification

Identification of 46 different meat species in pure
Next Generation Sequencing samples, in spiked samples and in ground [117]
meat samples

Aptamers Application in analysis of foods [118]

Meat species identification [119]

Detection of meat of different species [120]

Isothermal amplification Review on Isothermal amplification techniques [121]
Rapid on-site detection of meat pork [122]

Nucleic acid detection [123,124]
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The PCR amplification of pork mitochondrial genes (12S and 18Sribosomal RNA subunits and
cytochrome b) and of the displacement loop region (D-loop) was successfully applied for the detection
of pork derivatives and was found to be a suitable technique for routine food analysis and halal
certification [115].

In 2018, for the first time a tetraplex polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) assay to identify and discriminate rabbit, rat and squirrel meat in
frankfurter formulation was developed and validated. The detection limit of the assay was 0.1% meat
in frankfurter formulation. Moreover, results shown in this research assessed that variations in food
processing treatments could not affect the stability of the optimized assay [92]. However, it should be
considered that it is rather unlikely that rabbit or squirrel meat can be used as a substitute for chicken
or beef, because their meat is certainly more expensive.

Nevertheless, although classical PCR and real time-PCR are the most frequently used methods,
they usually target a limited pool of species, and usually the most used, such as pork, beef, horse and
chicken, whereas the potential adulteration with exotic species often remains uncovered. For this
purpose, Cottenet and colleagues [117] have recently developed a Next Generation Sequencing method
for the identification of different species, both in pure meat samples, with optimal results, and in
mixtures, where the species were correctly identified in spiked samples down to 1% (w/w). Together
with the most common species, also yak, donkey, zebra, hare, fallow deer, reindeer, muskrat, fox,
weasel, dog, cat pigeon and rat, and up to 46 different species were detected, amplifying and sequencing
a mitochondrial DNA fragment of about 120 bp. Unfortunately, the method was less effective when
applied to ground meat, suggesting that work is still required to improve the results.

Moreover, Lavelli has suggested a scheme of traceability implementation for the poultry meat
supply chain: the author presented a case study to discuss both the advantages and difficulties of
setting up a high-warrant traceability procedure conform to “generic” or “specific” traceability systems,
depending on many different factors (technological and economical aspects, specific regulations and
internal objectives) [125].

The genetic technologies, such as simple sequence repeat (SSR) and single nucleotide
polymorphism (SNP) can be very reliable in the traceability management system of halal foods [126,127].
Some studies were carried out in order to select SNPs panel useful for traceability of halal beef [81,110].

A recent study reported about a particular pork peptide (signature sequence LVVITAGAR,
from lactate dehydrogenase) that was not recorded in other meats; in this study, liquid based
chromatography coupled with mass spectrometry (LC-MS) was used for the detection of the identified
porcine-specific peptide as a thermostable marker of highly processed haram (that means proscribed
by the Islamic law) meat products [99].

Interestingly, proton nuclear magnetic resonance ('H-NMR) has been applied together with HPLC
as a high-performance approach to detect lard used to adulterate butter. In fact, the triacylglycerol
(TAG) composition of lard can be used as chemical marker for halal authentication. More precisely,
peaks recorded in the region of 2.60-2.84 ppm highlight specific characteristics present only in lard,
and these frequencies can be considered specifically for the analysis [128].

A rapid, accurate, convenient, and eco-friendly analysis for the detection of porcine-based
ingredients in food is the Electronic Nose (EN), employed to exclude possible contamination or fraud
and also to investigate the oxidative status of meat products [85,86,101,102]. The ability to measure and
identify the aroma and characteristics of persistent flavors of a product allows to obtain a variety of
information, directly related to the acceptability and to nutritional and quality characteristics in terms of
product health and safety. This consideration has led to a growing need and interest in non-destructive
monitoring systems with high versatility, sensitivity, accuracy, cost-effectiveness, ease of use and above
all rapidity of analytical response, such as electronic nose. This artificial olfactory systems can be used
not only in the laboratory but also directly in the production plants for continuous monitoring of odors,
from the raw material to the final product, analyzing the volatile compounds released from the matrix
related to different aspects (sensory acceptability, deterioration, development of off-flavors, etc.). In our
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laboratories an electronic nose equipped with non-specific sensors arrays (porphyirins based) has been
used to discriminate the lard presence in halal goat meat batter. First, four experimental batches of
salami were manufactured with halal goat meat (70%) and fat (30%); each of the four batches had
different levels of pork fat (batch 1, Control, with lard 0% w/w of total fat; other batches, with lard 5%,
10% and 20% w/w of total fat, respectively); then EN analyses were carried out after an equilibration
step (for 30 min, at temperature of 41 °C). Principal Component analyses (PCA) scores (Figure 2)
evidenced that porphyirins-based EN was able to discriminate the presence of lard even at the lowest
experimental concentration (5%, w/w) [129].

Furthermore, a gas sensor array based on peptide modified gold nanoparticles deposited onto
20-MHz quartz crystal microbalances [102] has been also applied to discriminate the lard presence in
halal meat products and investigate the shelf life of halal dry meat sausages (trials are still going on;
unpublished data).

Finally, new approaches regarding halal authentication, including the latest biotechnological
innovations, such as assays and the use of smartphones, are being also developed [130,131].
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Figure 2. Principal component analyses (PCA) scores on porphyrins-based EN analysis on halal goat
meat dough added with pork fat (0%, 5%, 10% and 20% of lard, w/w).

5. Conclusions

The quality assessment and authentication of halal products are issues raising a growing interest
in European Community Countries (France, Sweden, Germany, Greece, Spain, Italy), Switzerland,
Russia and other countries in the world (Asia, the UK, South and North America).

Considering that top producers of halal products (including meat) are countries where Muslims
are a minority, future research should take into consideration halal standards, immigration and
integration of qualified Muslim workers, as evidenced by a study recently carried out in Brazil [132].
As regards specifically halal salami, the origin of the animal raw meat, as well as ingredients and
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additives are the main concerns for consumers of Islamic faith. The pork matrix may be fraudulently
present in processed meat, for both economic and technological purposes. In fact, the use of these
raw materials (which are easier to find) has a lower cost; furthermore, it allows manufacturers to
obtain final cured meat with better quality (sensory properties) and stability (especially with respect to
oxidative reactions).

Many approaches have been proposed in the literature for the evaluation of the authenticity of
salami and other meat products with halal certification. The research of accurate analytical methods for
the differentiation of meat species is therefore of great importance for both companies and consumers,
and important advances have been made in recent years, while analytical methods to distinguish the
type of slaughter applied to obtain the meat are still difficult to optimize. Moreover, the literature is
often focused on halal meat products, while comparisons with non halal analogue products are still
scarce or even missing. Future researchers should carry out further studies on halal food in order to
provide useful information about major factors related to quality and stability, especially for halal
dry cured meat products, such as salami. The market for halal products is evolving, considering
that the non-Islamic consumer would seem to associate the halal brand with “superior” quality [133].
This would be very important to properly orient the companies that would like to diversify their
production and also to guarantee food safety and consumer satisfaction.

Author Contributions: Conceptualization, M.M. and A.S.; methodology, M.M., A.S,; investigation, M.M., A.S.;
resources, M.M., A.S.; data curation, M.M., A.S., D.M.; writing—original draft preparation, M.M.; writing—review
and editing, M.M., A.S; visualization, O.C., D.M.; supervision, M.M., D.M.; project administration, M.M.; funding
acquisition, M.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would to thank Daniel Pizzoni for his helpful contribution for processing the
data shown in Figure 2. This work is part of the project “Quality and shelf life of dry fermented goat sausage:
a new perspective of market for companies of Abruzzo region” supported by funding from Cassa di Risparmio di
Teramo (Italy).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1.  Pew, R.C. “The Changing Global Religious Landscape”, Demographic projections. 2017. Available
online: http://assets.pewresearch.org/wp-content/uploads/sites/11/2017/04/07092755/FULL-REPORT-WITH-
APPENDIXES-A-AND-B-APRIL-3.pdf (accessed on 15 June 2020).

2. Grand, V.R. Halal Food and Beverage Market Size Report by Product (Meat & Alternatives, Milk & Milk
Products, Fruits & Vegetables, Grain Products), by Region, and Segment Forecasts (2018). (Grand View
Research). 2017. Awvailable online: https://www.grandviewresearch.com/industry-analysis/halal-food-
market2018-2025 (accessed on 15 June 2020).

3. Pew, R.C. Europe’s Growing Muslim Population. Available online: https://www.pewforum.org/2017/11/29/
europes-growing-muslim-population/ (accessed on 3 August 2020).

4. Aoun, I; Tournois, L. Building holistic brands: An exploratory study of Huild cosmetics. J. Islam. Mark.
2015, 6, 109-132. [CrossRef]

5. Mursyidi, A. The role of chemical analysis in the halal authentication of food and pharmaceutical products.
J. Food Pharm. Sci. 2013, 1, 1-4.

6. Codex Alimentarius. Joint FAO/WHO Codex Alimentarius Commission: General Guideline for Use of the Term
“halal”; Codex Alimentarius: Rome, Italy, 1997.

7.  Jagadeesan, P; Salem, S. Progress and challenges associated with Halal authentication of consumer packaged
goods. |. Sci. Food Agric. 2017, 97, 4672-4678.

8. Soon, ].M.; Chandia, M.; Regenstein, ]. M. Halal integrity in the food supply chain. Br. Food . 2017, 119, 39-51.
[CrossRef]


http://assets.pewresearch.org/wp-content/uploads/sites/11/2017/04/07092755/FULL-REPORT-WITH-APPENDIXES-A-AND-B-APRIL-3.pdf
http://assets.pewresearch.org/wp-content/uploads/sites/11/2017/04/07092755/FULL-REPORT-WITH-APPENDIXES-A-AND-B-APRIL-3.pdf
https://www.grandviewresearch.com/industry-analysis/halal-food-market2018-2025
https://www.grandviewresearch.com/industry-analysis/halal-food-market2018-2025
https://www.pewforum.org/2017/11/29/europes-growing-muslim-population/
https://www.pewforum.org/2017/11/29/europes-growing-muslim-population/
http://dx.doi.org/10.1108/JIMA-05-2014-0035
http://dx.doi.org/10.1108/BFJ-04-2016-0150

Foods 2020, 9, 1111 13 of 19

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Riaz, M.N.; Chaudry, M.M. Halal Food Production, 1st ed.; CRC Press: Boca Raton, FL, USA, 2004; pp. 41-58.
Ahmad, A.N.; Ungku Zainal Abidin, U.F.,; Othman, M.; Abdul Rahman, R. Overview of the halal food control
system in Malaysia. Food Control 2018, 90, 352-363. [CrossRef]

Gagaoua, M.; Boudechicha, H.-R. Ethnic meat products of the North African and Mediterranean countries:
An overview. |. Ethn. Foods 2018, 5, 83-98. [CrossRef]

Ermis, E. Halal status of enzymes used in food industry. Trends Food Sci. Technol. 2007, 64, 69-73. [CrossRef]
Bohme, K.; Calo-Mata, P,; Barros-Velazquez, J.; Ortea, I. Recent applications of omics-based technologies to
main topics in food authentication. Trends Anal. Chem. 2019, 110, 221-232. [CrossRef]

Regulation (EC) n. 1099/2009 of 24 September 2009 on the protection of animals at the time of killing. Off. J.
Eur. Union 2009, L 303, 1-30.

Fuseini, A.; Wotton, S5.B.; Hadley, PJ.; Knowles, T.G. The perception and acceptability of pre-slaughter and
post-slaughter stunning for Halal production: The views of UK Islamic scholars and Halal consumers.
Meat Sci. 2017, 123, 143-150. [CrossRef]

Aghwan, Z.A.; Bello, A.U.; Abubakar, A.A.; Imlan, ].C.; Sazili, A.Q. Efficient halal bleeding, animal handling,
and welfare: A holistic approach for meat quality. Meat Sci. 2016, 121, 420-428. [CrossRef] [PubMed]
Velarde, A.; Rodriguez, P.; Dalmau, A.; Fuentes, C.; Llonch, P.; von Holleben, K.V.; Anil, M.H.; Lambooij, ].B.;
Pleiter, H.; Yesildere, T.; et al. Religious slaughter: Evaluation of current practices in selected countries.
Meat Sci. 2014, 96, 278-287. [CrossRef] [PubMed]

D’Amico, P; Vitelli, N.; Cenci Goga, B.; Nucera, D.; Pedonese, F; Guidi, A.; Armani, A. Meat from cattle
slaughtered without stunning sold in the conventional market without appropriate labelling: A case study
in Italy. Meat Sci. 2017, 34, 1-6. [CrossRef] [PubMed]

Nuthall, K. ECJ Advised non-Stunned Halal and Kosher Meat can be Labelled Organic. Available online:
https://www.globalmeatnews.com (accessed on 26 September 2018).

Regulation (EC) n. 178/2002 of the European Parliament and of the Council of 28 January 2002 on laying
down the general principles and requirements of food law, establishing the European Food Safety Authority
and laying down procedures in matters of food safety. Off. . Eur. Communities 2002, L 31, 1-24.

Regulation (EC) n. 852/2004 of the European Parliament and of the Council of 29 April 2004 on the hygiene
of foodstuffs. Off. J. Eur. Union 2004, L 139, 1-54.

Regulation (EC) n. 853/2004 of the European Parliament and of the Council of 29 April 2004 on laying down
specific hygiene rules for on the hygiene of foodstuffs. Off. J. Eur. Union 2004, L 139, 1-54.

Regulation (EC) n. 1935/2004 of the European Parliament and of the Council of 27 October 2004 on materials
and articles intended to come into contact with food and repealing Directives 80/590/EEC and 89/109/EEC.
Off. ]. Eur. Union 2004, L 338, 4-17.

Regulation (EC) n. 1169/2011 of the European Parliament and of the Council of 25 October 2011 on the
provision of food information to consumers, amending Regulations (EC) No 1924/2006 and (EC) No 1925/2006
of the European Parliament and of the Council, and repealing Commission Directive 87/250/EEC, Council
Directive 90/496/EEC, Commission Directive 1999/10/EC, Directive 2000/13/EC of the European Parliament
and of the Council, Commission Directives 2002/67/EC and 2008/5/EC and Commission Regulation (EC) n.
608/2004. Off. J. Eur. Union 2011, L 304, 18-63.

Demeyer, D.; Raemaekers, M.; Rizzo, A.; Holck, A.; De Smedt, A.; ten Brink, B.; Hagen, B.; Montel, C.;
Zanardi, E.; Murbrekk, E.; et al. Control of bioflavour and safety in fermented sausages: First results of a
European project. Food Res. Int. 2000, 33, 171-180. [CrossRef]

Tieko Nassu, R.; Guaraldo Goncalves, L.; da Silva, M.A.A.P.; Beserra, EJ. Oxidative stability of fermented
goat meat sausages with different levels of natural antioxidant. Meat Sci. 2003, 63, 43—49. [CrossRef]
Gregory, N.G.; von Wenzlawonzlawowicz, M.; Alam, R.M.; Anil, HM.; Yesildere, T.; Silva-Fletcher, A. False
aneurysms in carotid arteries of cattle and water buffalo during shechita and halal slaughter. Meat Sci. 2008,
79, 285-288. [CrossRef] [PubMed]

Linares, M.B.; Bérnez, R.; Vergara, H. Effect of different stunning systems on meat quality of light lamb.
Meat Sci. 2007, 76, 675-681. [CrossRef]

Danso, A.S.; Richardson, R.I.; Khalid, R. Assessment of the meat quality of lamb M. longissimus thoracis et
lumborum and M. triceps brachii following three different Falal slaughter procedures. Meat Sci. 2017, 127,
6-12. [CrossRef]


http://dx.doi.org/10.1016/j.foodcont.2018.02.035
http://dx.doi.org/10.1016/j.jef.2018.02.004
http://dx.doi.org/10.1016/j.tifs.2017.04.008
http://dx.doi.org/10.1016/j.trac.2018.11.005
http://dx.doi.org/10.1016/j.meatsci.2016.09.013
http://dx.doi.org/10.1016/j.meatsci.2016.06.028
http://www.ncbi.nlm.nih.gov/pubmed/27468102
http://dx.doi.org/10.1016/j.meatsci.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23921219
http://dx.doi.org/10.1016/j.meatsci.2017.07.011
http://www.ncbi.nlm.nih.gov/pubmed/28738224
https://www.globalmeatnews.com
http://dx.doi.org/10.1016/S0963-9969(00)00031-4
http://dx.doi.org/10.1016/S0309-1740(02)00051-7
http://dx.doi.org/10.1016/j.meatsci.2007.09.012
http://www.ncbi.nlm.nih.gov/pubmed/22062756
http://dx.doi.org/10.1016/j.meatsci.2007.02.007
http://dx.doi.org/10.1016/j.meatsci.2016.12.014

Foods 2020, 9, 1111 14 of 19

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Ibrahim, S.M.; Abdelgadir, M.A.; Sulieman, A.M.E. Impact of Halal and Non-halal Slaughtering on the
Microbiological Characteristics of Broiler Chicken Meat and Sausages. Food Public Health 2014, 4, 223-228.
[CrossRef]

Matos, R.A.; Menezes, C.M.; Ramos, E.M.; Ramos, A.L.S.; Gomide, L.A.M. Effects of fermentation types in
final quality of mutton cooked fermented sausages. Bol. Ceppa 2007, 25, 225-234.

Paulos, K.; Rodrigues, S.; Oliveira, A.F,; Leite, A.; Pereira, E.; Teixeira, A. Sensory characterization and
consumer preference mapping of fresh sausages manufactured with goat and sheep meat. J. Food Sci. 2015,
80, S1568-51573. [CrossRef]

Cunha de Andrade, J.; Silveira Nalério, E.; Giongo, C.; Dutra de Barcellos, M.; Ares, G.; Deliza, R. Consumer
sensory and hedonic perception of sheep meat coppa under blind and informed conditions. Meat Sci. 2018,
137,201-210. [CrossRef]

Mushi, D.E.; Thomassen, M.S.; Kifaro, G.C.; Eik, L.O. Fatty acid composition of minced meat, longissimus
muscle and omental fat from Small East African goats finished on different levels of concentrate
supplementation. Meat Sci. 2010, 86, 337-342. [CrossRef]

Martuscelli, M.; Fantini, A.; Bucci, I.; Mastrocola, D. Halal dry fermented goat meat and sheep sausages:
Market research and economic prospects. Ind. Aliment. 2019, 58, 11-19.

Aktas, N.; Genccelep, H. Effect of starch type and its modifications on physicochemical properties of
bologna-type sausage produced with sheep tail fat. Meat Sci. 2006, 74, 404—408. [CrossRef]

Bakker, W.A.M.; Houben, ].H.; Koolmees, P.A.; Bindrich, U.; Sprehe, L. Effect of initial mild curing, with
additives, of hog and sheep sausage casings on their microbial quality and mechanical properties after
storage at different temperatures. Meat Sci. 1999, 51, 163-174. [CrossRef]

Ahmad, S.; Srivastava, PK. Quality and shelf life evaluation of fermented sausages of buffalo meat with
different levels of heart and fat. Meat Sci. 2007, 75, 603-609. [CrossRef] [PubMed]

Zhao, L.; Changwei, M.; Song, H.; Li, H.; Wang, Z.; Xiao, S. Physico-chemical characteristics and free fatty
acid composition of dry fermented mutton sausages as affected by the use of various combinations of starter
cultures and spices. Meat Sci. 2011, 88, 761-766. [CrossRef] [PubMed]

Galgano, F; Favati, F; Schirone, M.; Martuscelli, M.; Crudele, M.A. Influence of indigenous starter cultures
on the free fatty acids content during ripening in artisanal sausages produced in the Basilicata region.
Food Technol. Biotechnol. 2003, 41, 253-258.

Parente, E.; Martuscelli, M.; Gardini, F.; Grieco, S.; Crudele, M. A.; Suzzi, G. Evolution of microbial population
and biogenic amine production in dry sausages produced in Southern Italy. J. Appl. Microbiol. 2001, 90,
882-891. [CrossRef]

Kurt, $.; Ceylan, H.G. Effects of olive leaf extract on the oxidation stability and microbiological quality of dry
fermented sausage (sucuk). Carpathian J. Food Sci. Technol. 2017, 9, 178-188.

Sezer, Y.; Bozkurt, H. Use of novel casing in sucuk production: Antimicrobials incorporated into multilayer
plastic film. Acta Aliment. 2019, 48, 1-8. [CrossRef]

Cigek, U.; Kose, T. Physical and biochemical quality parameters of fermented beef sausages: Bez Sucuk.
Acta Aliment. Hung 2016, 45, 363-370. [CrossRef]

Cigek, U.; Polat, N. Investigation of physicochemical and sensorial quality of a type of traditional meat
product: Bez sucuk. LWT-Food Sci. Technol. 2016, 65, 145-151. [CrossRef]

Lorenzo, ].M.; Martinez, S.; Franco, I.; Carballo, J. Biogenic amine content during the manufacture of
dry-cured lac 6n, a Spanish traditional meat product: Effect of some additives. Meat Sci. 2007, 77, 287-293.
[CrossRef]

Zakaria, M.Z.; Nordin, N.; Malik, A.M.A_; Elias, S.].; Shahuddin, A.Z. Fuzzy expert systems (fes) for halal
food additive. Indones J. Electr. Eng. Comput. Sci. 2019, 13, 1073-1078. [CrossRef]

Karahalil, E. Principles of halal-compliant fermentations: Microbial alternatives for the halal food industry.
Trends Food Sci. Technol. 2020, 98, 1-9. [CrossRef]

Eduardo dos Santos, C.; Braun, C.L.K.; Fagundes, M.B.; Gularte, M.A.; Wagner, R.; Padilha da Silva, W.;
Fiorentini, A.M. Development of fermented sausage produced with mutton and native starter cultures.
Lebenson Wiss Technol. 2018, 95, 23-31. [CrossRef]

Kurtovic, I.; Marshall, S.N.; Cleaver, H.L.; Miller, M.R. The use of immobilised digestive lipase from Chinook
salmon (Oncorhynchus tshawytscha) to generate flavour compounds in milk. Food Chem. 2016, 199, 323-329.
[CrossRef]


http://dx.doi.org/10.5923/j.fph.20140405.03
http://dx.doi.org/10.1111/1750-3841.12927
http://dx.doi.org/10.1016/j.meatsci.2017.11.026
http://dx.doi.org/10.1016/j.meatsci.2010.05.006
http://dx.doi.org/10.1016/j.meatsci.2006.04.012
http://dx.doi.org/10.1016/S0309-1740(98)00118-1
http://dx.doi.org/10.1016/j.meatsci.2006.09.008
http://www.ncbi.nlm.nih.gov/pubmed/22064024
http://dx.doi.org/10.1016/j.meatsci.2011.03.010
http://www.ncbi.nlm.nih.gov/pubmed/21458169
http://dx.doi.org/10.1046/j.1365-2672.2001.01322.x
http://dx.doi.org/10.1556/066.2018.0001
http://dx.doi.org/10.1556/066.2016.0001
http://dx.doi.org/10.1016/j.lwt.2015.07.049
http://dx.doi.org/10.1016/j.meatsci.2007.03.020
http://dx.doi.org/10.11591/ijeecs.v13.i3.pp1073-1078
http://dx.doi.org/10.1016/j.tifs.2020.01.031
http://dx.doi.org/10.1016/j.lwt.2018.04.060
http://dx.doi.org/10.1016/j.foodchem.2015.12.027

Foods 2020, 9, 1111 15 of 19

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Dominguez, R.; Agregan, R.; Lorenzo, J.M. Role of commercial starter cultures on microbiological,
physicochemical characteristics, volatile compounds and sensory properties of dry-cured foal sausage.
Asian Pac. ]. Trop. Dis. 2016, 6, 396-403. [CrossRef]

Kargozari, M.; Moini, S.; Basti, A.A.; Emam-Djomeh, Z.; Ghasemlou, M.; Revilla, I.; Gandomi, M.H.;
Carbonell-Barrachina, A.A.; Szumny, A. Development of Turkish dry-fermented sausages (sucuk)
reformulated with camel meat and hump fat and evaluation of physicochemical, textural, fatty acid
and volatile compound profiles during ripening. LWT-Food Sci. Technol. 2014, 59, 849-858. [CrossRef]

Jia, W,; Zhang, R.; Shi, L.; Zhang, F.; Chang, ].; Chu, X. Effects of spices on the formation of biogenic amines
during the fermentation of dry fermented mutton sausages. Food Chem. 2020, 321, 126723. [CrossRef]
LaTorre-Moratalla, M.L.; Bover-Cid, S.; Veciana-Nogués, M.T.; Vidal-Carou, M.C. Control of biogenic amines
in fermented sausageg: Role of starter cultures. Front. Microbiol. 2012, 3, 169. [CrossRef]

Tasic, T.; Ikonic, P; Jokanovic, M.; Mandic, A.; Tomovic, V.; Sojic, B.; Skaljac, S. Content of Vasoactive
Amines in Sremski Kulen and Sremska Kobasica Traditional Dry Fermented Sausages From Vojvodina.
Procedia Food Sci. 2015, 5, 282-284. [CrossRef]

Ekici, K.; Omer, A.K. The determination of some biogenic amines in Turkish fermented sausages consumed
in Van. Toxicol. Rep. 2018, 5, 639-643. [CrossRef]

Cicek, U.; Tokatli, K. Biogenic Amine Formation in “Bez Sucuk,” a Type of Turkish Traditional Fermented
Sausage Produced with Different Meat: Fat Ratios. Korean J. Food Sci. Anim. Resour. 2018, 38, 152-161.
[CrossRef] [PubMed]

Huang, L.; Ding, B.; Zhang, H.; Kong, B.; Xiong, Y.L. Textural and sensorial quality protection in frozen
dumplings through the inhibition of lipid and protein oxidation with clove and rosemary extracts. J. Sci.
Food Agric. 2019, 99, 4739-4747. [CrossRef] [PubMed]

Serio, A.; Chiarini, M.; Tettamanti, E.; Paparella, A. Electronic Paramagnetic Resonance investigation of the
activity of Origanum vulgare L. essential oil on the Listeria monocytogenes membrane. Lett. Appl. Microbiol.
2010, 51, 149-157. [CrossRef] [PubMed]

Chan, C.L.; Gan, R.Y,; Shah, N.P,; Corke, H. Polyphenols from selected dietary spices and medicinal herbs
differentially affect common food-borne pathogenic bacteria and lactic acid bacteria. Food Control 2018, 92,
437-443. [CrossRef]

Erdemir, E.; Aksu, M.I. Changes in the composition of free amino acid during production of pastirma cured
with different levels of sodium nitrite. J. Food Process. Preserv. 2017, 41. [CrossRef]

Abd-Elghany, S.M.; El-Makhzangy, A.M.; El-Shawaf, A.-G.M.; El-Mougy, R.M.; Sallam, K.I. Improving safety
and quality of Egyptian pastrami through alteration of its microbial, community. LWT-Food Sci. Technol. 2020,
118,108872. [CrossRef]

Suleman, R.; Whang, Z.; Aadil, RM.; Hui, T.; Hopkins, D.L.; Zhang, D. Effect of cooking on the nutritive
quality, sensory properties and safety of lamb meat; current challenges and future prospects. Meat Sci. 2020,
167,108172. [CrossRef]

Lee, S.Y;; Yim, D.G,; Lee, D.Y;; Kim, O.Y,; Kang, HJ.; Kim, H.S,; Jang, A.; Park, T.S,; Jin, SK.; Hur, S.J.
Overview of the effect of natural products on reduction of potential carcinogenic substances in meat products.
Trends Food Sci. Technol. 2020, 99, 568-579. [CrossRef]

Alirezalu, K.; Pateiro, M.; Yaghoubi, M.; Alirezalu, A.; Peighambardoust, S.H.; Lorenzo, ].M. Phytochemical
constituents, advanced extraction technologies and techno-functional properties of selected Mediterranean
plants for use in meat products. A comprehensive review. Trends Food Sci. Technol. 2020, 100, 292-306.
[CrossRef]

Granato, D.; Nunes, D.S.; Barba, EJ. An integrated strategy between food chemistry, biology, nutrition,
pharmacology, and statistics in the development of functional foods: A proposal. Trends Food Sci. Technol.
2017, 62, 13-22. [CrossRef]

Adzaly, N.Z,; Jackson, A.; Villalobos-Carvajal, R.; Kang, I.; Almenar, E. Development of a novel sausage
casing. J. Food Eng. 2015, 152, 24-31. [CrossRef]

Marcos, B.; Gou, P; Arnau, J.; Guardia, M.D.; Comaposada, J. Co-extruded alginate as an alternative to
collagen casings in the production of dry-fermented sausages: Impact of coating composition. Meat Sci. 2020,
169, 108184. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S2222-1808(15)61055-6
http://dx.doi.org/10.1016/j.lwt.2014.05.033
http://dx.doi.org/10.1016/j.foodchem.2020.126723
http://dx.doi.org/10.3389/fmicb.2012.00169
http://dx.doi.org/10.1016/j.profoo.2015.09.080
http://dx.doi.org/10.1016/j.toxrep.2018.05.008
http://dx.doi.org/10.5851/kosfa.2018.38.1.152
http://www.ncbi.nlm.nih.gov/pubmed/29725233
http://dx.doi.org/10.1002/jsfa.9716
http://www.ncbi.nlm.nih.gov/pubmed/30924943
http://dx.doi.org/10.1111/j.1472-765X.2010.02877.x
http://www.ncbi.nlm.nih.gov/pubmed/20557450
http://dx.doi.org/10.1016/j.foodcont.2018.05.032
http://dx.doi.org/10.1111/jfpp.12801
http://dx.doi.org/10.1016/j.lwt.2019.108872
http://dx.doi.org/10.1016/j.meatsci.2020.108172
http://dx.doi.org/10.1016/j.tifs.2020.03.034
http://dx.doi.org/10.1016/j.tifs.2020.04.010
http://dx.doi.org/10.1016/j.tifs.2016.12.010
http://dx.doi.org/10.1016/j.jfoodeng.2014.10.032
http://dx.doi.org/10.1016/j.meatsci.2020.108184
http://www.ncbi.nlm.nih.gov/pubmed/32485561

Foods 2020, 9, 1111 16 of 19

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Soysal, C.; Bozkurt, H.; Dirican, E.; Giiglii, M.; Bozhiiyiik, E.D.; Uslu, A.E.; Kaya, S. Effect of antimicrobial
packaging on physicochemical and microbial quality of chicken drumsticks. Food Control 2015, 54, 294-299.
[CrossRef]

Cerrillo, J.L.; Palomares, A.E.; Rey, E. Silver exchanged zeolites as bactericidal additives in polymeric materials.
Microporous Mesoporous Mater. 2020, 305, 110367. [CrossRef]

Martuscelli, M.; Lupieri, L.; Sacchetti, G.; Mastrocola, D.; Pittia, P. Prediction of the salt content from water
activity analysis in dry-cured ham. J. Food Eng. 2017, 200, 29-39. [CrossRef]

Grandin, T. Auditing animal welfare and making practical improvements in beef-, pork- and sheep-slaughter
plants. Anim. Welf. 2012, 21, 29-34. [CrossRef]

Afifi, M.; Halim, A.; Mahyeddin, M.; Salleh, M. The possibility of uniformity on halal standards in
Organization of Islamic Countries (OIC) country. World Appl. Sci. ]. 2012, 17, 6-10.

Abd Rahman, A.; Barau Singhry, H.; Hizam Hanafiah, M.; Abdul, M. Influence of perceived benefits and
traceability system on the readiness for Halal Assurance System implementation among food manufacturers.
Food Control 2017, 73, 1318-1326. [CrossRef]

Demirci, N.M.; Soon, ].M.; Wallace, C.A. Positioning food safety in Halal Assurance. Food Control 2016, 70,
257-270. [CrossRef]

Nasir, KM.; Pereira, A.A. Defensive dining: Notes on the public dining experiences in Singapore.
Contemp. Islam 2008, 2, 61-73. [CrossRef]

Ahmad, A.N.; Abdul Rahman, R.; Othman, M.; Ungku Zainal Abidin, U.F. Critical success factors affecting
the implementation of halal food management systems: Perspective of halal executives, consultants and
auditor. Food Control 2017, 74, 70-78. [CrossRef]

Khan Khattak, J.Z.; Mir, A.; Anwar, Z.; Mustatab Wahedi, H.; Abbas, G.; Khan Kattak, H.Z.; Ismatullah, H.
Concept oh Halal food and biotechnology. Adv. J. Food Sci. Technol. 2011, 3, 385-389.

Ballin, N.Z. Authentication of meat and meat products. Meat Sci. 2010, 86, 577-587. [CrossRef]

Thomson Reuters. State of the Global Islamic Economy 2014-2015 Report; Thomson Reuters: Toronto, YYZ,
Canada, 2015.

Zhao, J.; Chen, A.; You, X.; Xu, Z.; Zhao, Y.; He, W.; Zhao, L.; Yang, S. A panel of SNP markers for meat
traceability of Halal beef in the Chinese market. Food Control 2018, 87, 94-99. [CrossRef]

Che Man, Y.B.; Syahariza, Z.A.; Mirghani, M.E.S; Jinap, S.; Bakar, J. Analysis of potential lard adulteration
in chocolate and chocolate products using fourier transform infrared spectroscopy. Food Chem. 2005, 90,
815-819. [CrossRef]

Syahariza, Z.A.; Che Man, Y.B.; Selamat, J.; Bakar, J. Detection of lard adulteration in cake formulation by
Fourier Transform Infrared (FTIR) Spectroscopy. Food Chem. 2005, 92, 365-371. [CrossRef]

CheMan, Y.B.; Aida, A.; Raha, A.; Son, R. Identification of pork derivatives in food products by species-specific
polymerase chain reaction (PCR) for halal verification. Food Control 2007, 18, 885-889. [CrossRef]
Murugaiah, C.; Mohd Noor, Z.; Mastakim, M.; Bilung, L.M.; Selamat, J.; Radu, S. Meat species identification
and Halal authentication analysis using mitochondrial DNA. Meat Sci. 2009, 83, 57-61. [CrossRef]
Nurjuliana, M.; Che Man, Y.B.; Mat Hashim, D.; Mohamed, A K. Rapid identification of pork for halal
authentication using the electric nose and gas chromatography mass spectrometer with headspace analyser.
Meat Sci. 2011, 88, 638—644. [CrossRef]

Stachniuk, A.; Sumara, A.; Montowska, M.; Fornal, E. LC-QTOF-MS identification of rabbit-specific peptides
for authenticating the species composition of meat products. Food Chem. 2020, 329, 127185. [CrossRef]
Koppel, R.; van Velsen, E; Ganeshan, A.; Pietsch, K.; Weber, S.; Graf, C.; Murmann, P.; Hochegger, R.;
Licina, A. Multiplex real-time PCR for the detection and quantification of DNA from chamois, roe, deer,
pork and beef. Eur. Food Res. Technol. 2020, 246, 1007-1015. [CrossRef]

Mei, M,; Chen, R; Gao, X.; Cao, Y.; Weng, W.; Duan, Y,; Tan, X.; Liu, Z. Establishment and application of a
10-plex liquid bead array for the simultaneous rapid detection of animal species. J. Sci. Food Agric. 2020, 100,
325-334. [CrossRef] [PubMed]

Dobrovolny, S.; Blaschitz, M.; Weinmaier, T.; Pechatschek, J.; Cichna-Markl, M.; Indra, A.; Hufnagl, P;
Hochegger, R. Development of a DNA metabarcoding method for the identification of fifteen mammalian
and six poultry species in food. Food Chem. 2019, 272, 354-361. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.foodcont.2015.02.009
http://dx.doi.org/10.1016/j.micromeso.2020.110367
http://dx.doi.org/10.1016/j.jfoodeng.2016.12.017
http://dx.doi.org/10.7120/096272812X13353700593400
http://dx.doi.org/10.1016/j.foodcont.2016.10.058
http://dx.doi.org/10.1016/j.foodcont.2016.05.059
http://dx.doi.org/10.1007/s11562-007-0033-8
http://dx.doi.org/10.1016/j.foodcont.2016.11.031
http://dx.doi.org/10.1016/j.meatsci.2010.06.001
http://dx.doi.org/10.1016/j.foodcont.2017.11.039
http://dx.doi.org/10.1016/j.foodchem.2004.05.029
http://dx.doi.org/10.1016/j.foodchem.2004.10.039
http://dx.doi.org/10.1016/j.foodcont.2006.05.004
http://dx.doi.org/10.1016/j.meatsci.2009.03.015
http://dx.doi.org/10.1016/j.meatsci.2011.02.022
http://dx.doi.org/10.1016/j.foodchem.2020.127185
http://dx.doi.org/10.1007/s00217-020-03468-1
http://dx.doi.org/10.1002/jsfa.10042
http://www.ncbi.nlm.nih.gov/pubmed/31584699
http://dx.doi.org/10.1016/j.foodchem.2018.08.032
http://www.ncbi.nlm.nih.gov/pubmed/30309555

Foods 2020, 9, 1111 17 of 19

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Wang, G.-J.; Zhou, G.-Y,; Ren, H.-W.; Xu, Y,; Yang, Y.; Guo, L.-H,; Liu, N. Peptide biomarkers identified by
LC-MS in processed meats of five animal species. |. Food Compos. Anal. 2018, 73, 47-54. [CrossRef]

Ali, M.-E.; Ahamad, M.N.U.; Asing, M.A.M.H.; Sultana, S. Multiplex polymerase chain reaction-restriction
fragment length polymorphism assay discriminates of rabbit, rat and squirrel meat in frankfurter products.
Food Control 2018, 84, 148-158. [CrossRef]

Rohman, A.; Che Man, Y.B. Analysis of pig derivatives for halal authentication studies. Food Rev. Int. 2012,
28,97-112. [CrossRef]

Nakyinsige, K.; Man, Y.B.; Sazili, A.Q. Halal authenticity issues in meat and meat products. Meat Sci. 2012,
91,207-214. [CrossRef]

Camma, C.; Domenico, M.D.; Monaco, F. Development and validation of fast Real-Time PCR assays for
species identification in raw and cooked meat mixtures. Food Control 2012, 23, 400-404. [CrossRef]

Lo, Y.-T.; Shaw, P.-C. DNA-based techniques for authentication of processed food and food supplements.
Food Chem. 2018, 2401, 767-774. [CrossRef]

Doi, H.; Watanabe, E.; Shibata, H.; Tanabe, S. A reliable enzyme-linked immunosorbent assay for the
determination of bovine and porcine gelatin in processed foods. J. Agric. Food Chem. 2009, 57, 1721-1726.
[CrossRef]

Montowska, M.; Pospiech, E. Species-specific expression of various proteins in meat tissue: Protemic analysis
of raw and cooked meat and meat products made from beef, pork ans selected poultry species. Food Chem.
2013, 136, 1461-1469. [CrossRef] [PubMed]

Sarah, S.A.; Faradalila, W.N.; Salwani, M.S.; Amin, I.; Karsani, S.A.; Sazili, A.Q. LC-QTOF-MS identification
of porcine-specific peptide in heat treated pork identifies candidate markers for meat species determination.
Food Chem. 2016, 199, 157-164. [CrossRef] [PubMed]

Compagnone, D.; Fusella, G.C.; Del Carlo, M.; Pittia, P.; Martinelli, E.; Tortora, L.; Paolesse, R.; Di Natale, C.
Gold nanoparticles-peptide based gas sensor arrays for the detection of food aromas. Biosens. Bioelectron.
2013, 42, 618-625. [CrossRef] [PubMed]

Montowska, M.; Rao, W.; Alexander, M.R.; Tucker, G.A.; Barrett, D.A. Tryptic digestion coupled with ambient
desorption electrospray ionization and liquid extraction surface analysis mass spectrometry enabling
identification of skeletal muscle proteins in mixtures and distinguishing between beef, pork, horse, chicken,
and Turkey meat. Anal. Chem. 2014, 86, 4479-4487.

Von Bargen, C.; Dojahn, J.; Waidelich, D.; Humpf, H.U.; Brockmeyer, J. New sensitive high-performance
liquid chromatography-tandem mass spectrometry method for the detection of horse and pork in halal beef.
J. Agric. Food Chem. 2013, 61, 11986-11994. [CrossRef]

Von Bargen, C.; Brockmeyer, J.; Humpf, H.U. Meat authentication: A new HPLC-MS/MS based method for
the fast and sensitive detection of horse and pork in highly processed food. J. Agric. Food Chem. 2014, 62,
9428-9435. [CrossRef]

Kurniawati, E.; Rohman, A.; Triyana, K. Analysis of lard in meatball broth using Fourier transform infrared
spectroscopy and chemometrics. Meat Sci. 2014, 96, 94-98. [CrossRef]

Xu, L.; Cai, C.B.; Cui, HE; Ye, Z.H.; Yu, X.P. Rapid discrimination of pork in Halal and non-Halal Chinese
ham sausages by Fourier transform infrared (FTIR) spectroscopy and chemometrics. Meat Sci. 2012, 92,
506-510. [CrossRef]

Rohman, A.; Sismindari; Erwanto, Y.; Che Man, Y.B. Analysis of pork adulteration on beef meatball using
Fourier transform infrared (FTIR) spectroscopy. Meat Sci. 2011, 88, 91-95. [CrossRef]

Leng, T,; Li, E; Xiong, L.; Xiong, Q.; Zhu, M.; Chen, Y. Quantitative detection of binary and ternary adulteration
of minced beef meat with pork and duck meat by NIR combined with chemometrics. Food Control 2020, 113,
107203. [CrossRef]

Mabood, E; Boqué, R.; Alkindi, A.Y.; Al-Harrasi, A.; Al Amri, I.S.; Boukra, S.; Jabeen, F.; Hussain, ].; Abbas, G.;
Naureen, Z.; et al. Fast detection and quantification of pork meat in other meats by reflectance FT-NIR
spectroscopy and multivariate analysis. Meat Sci. 2020, 163, 108084. [CrossRef] [PubMed]

Alamprese, C.; Amigo, ].M.; Casiraghi, E.; Engelsen, S.B. Identification and quantification of turkey meat
adulteration in fresh, frozen-thawed and cooked minced beef by FT-NIR spectroscopy and chemometrics.
Meat Sci. 2016, 121, 175-181. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.jfca.2018.07.004
http://dx.doi.org/10.1016/j.foodcont.2017.07.030
http://dx.doi.org/10.1080/87559129.2011.595862
http://dx.doi.org/10.1016/j.meatsci.2012.02.015
http://dx.doi.org/10.1016/j.foodcont.2011.08.007
http://dx.doi.org/10.1016/j.foodchem.2017.08.022
http://dx.doi.org/10.1021/jf802733y
http://dx.doi.org/10.1016/j.foodchem.2012.09.072
http://www.ncbi.nlm.nih.gov/pubmed/23194549
http://dx.doi.org/10.1016/j.foodchem.2015.11.121
http://www.ncbi.nlm.nih.gov/pubmed/26775957
http://dx.doi.org/10.1016/j.bios.2012.10.096
http://www.ncbi.nlm.nih.gov/pubmed/23261699
http://dx.doi.org/10.1021/jf404121b
http://dx.doi.org/10.1021/jf503468t
http://dx.doi.org/10.1016/j.meatsci.2013.07.003
http://dx.doi.org/10.1016/j.meatsci.2012.05.019
http://dx.doi.org/10.1016/j.meatsci.2010.12.007
http://dx.doi.org/10.1016/j.foodcont.2020.107203
http://dx.doi.org/10.1016/j.meatsci.2020.108084
http://www.ncbi.nlm.nih.gov/pubmed/32062524
http://dx.doi.org/10.1016/j.meatsci.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/27337677

Foods 2020, 9, 1111 18 of 19

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Rogberg-Munoz, A.; Wei, S.; Ripoli, M.V,; Guo, B.L.; Carino, M.H.; Lirdn, J.P,; Prando, A.].; Vaca, R.J.;
Peral-Garcia, P.; Wei, YM.; et al. Effectiveness of a 95 SNP panel for the screening of breed label fraud in the
Chinese meat market. Meat Sci. 2016, 111, 47-52. [CrossRef] [PubMed]

Demirhan, Y.; Ulca, P.,; Senyuva, H.Z. Detection of porcine DNA in gelatine and gelatine-containing processed
food products-halal/Kosher authentication. Meat Sci. 2012, 90, 686-689. [CrossRef]

Soares, S.; Amaral, J.S.; Oliviera, M.B.PP; Mafra, I. A SYBR Green real-time PCR assay to detect and quantify
pork meat in processed poultry meat products. Meat Sci. 2013, 94, 115-120. [CrossRef]

Ulca, P; Balta, H.; Cagn, I.; Senyuva, H.Z. Meat species identification and Halal authentication using PCR
analysis of raw and cooked traditional Turkish food. Meat Sci. 2013, 94, 280-284. [CrossRef]

Ali, M.E.; Hashim, U.; Mustafa, S.; Che Man, Y.B. Swine-specific PCR-RFLP assay targeting mitochondrial
cytochrome B gene for semiquantitative detection of pork in commercial meat products. Food Anal. Methods
2012, 5, 613-623. [CrossRef]

Kim, M.; Yoo, I; Lee, S.Y.; Hong, Y.; Kim, H.Y. Quantitative detection of pork in commercial meat products
by TagMan ®real-time PCR assay targeting the mitochondrial D-loop region. Food Chem. 2016, 210, 102-106.
[CrossRef]

Cai, Y;; He, Y;; Lv, R.; Chen, H.; Wang, Q.; Pan, L. Detection and quantification of beef and pork materials in
meat products by duplex droplet digital PCR. PLoS ONE 2017, 12, e0181949. [CrossRef]

Cottenet, G.; Blancpain, C.; Chuah, PF.; Cavin, C. Evaluation and application of a next generation sequencing
approach for meat species identification. Food Control 2020, 110, 107003. [CrossRef]

Song, K.M,; Lee, S.; Ban, C. Aptamers and their biological applications. Sensors 2012, 12, 612-631. [CrossRef]
[PubMed]

Roy, S.; Rahman, I.A ; Santos, ].H.; Ahmed, M.U. Meat species identification using DNA-redox electrostatic
interactions and non-specific adsorption on graphene biochips. Food Control 2016, 61, 70-78. [CrossRef]
Amaral, ].S.; Santos, C.G.; Melo, V.S.; Oliveira, M.B.P.P,; Mafra, I. Authentication of a traditional game
meat sausage (Alheira) by species-specific PCR assays to detect hare, rabbit, red deer, pork and cow meats.
Food Res. Int. 2014, 60, 140-145. [CrossRef]

Notomi, T.; Mori, Y.; Tomita, N.; Kanda, H. Loop-mediated isothermal amplification (LAMP): Principle,
features, and future prospects. J. Microbiol. 2015, 53, 1-5. [CrossRef] [PubMed]

Lee, S.Y.,; Kim, M.J.; Hong, Y.; Kim, H.Y. Development of a rapid on-site detection method for pork in
processed meat products using real-time loop-mediated isothermal amplification. Food Control 2016, 66,
53-61. [CrossRef]

Roy, S.; Wei, S.X.; Ying, ].L.Z.; Safavieh, M.; Ahmed, M.U. A novel, sensitive and label-free loop-mediated
isothermal amplification detection method for nucleic acids using luminophore dyes. Biosens. Bioelectron.
2016, 86, 346-352. [CrossRef]

Safavieh, M.; Kanakasabapathy, M.K,; Tarlan, F; Ahmed, M.U.; Zourob, M.U.; Asghar, W.; Shafiee, H.
Emerging loop-mediated isothermal amplification-based microchip and microdevice technologies for nucleic
acid detection. ACS Biomater. Sci. Eng. 2016, 2, 278-294. [CrossRef]

Lavelli, V. High-warranty traceability system in the poultry meat supply chain: A medium-sized enterprise
case study. Food Control 2013, 33, 148-156. [CrossRef]

Arana, A.; Soret, B.; Lasa, I.; Alfonso, L. Meat traceability using DNA markers: Application to the beef
industry. Meat Sci. 2002, 61, 367-373. [CrossRef]

Goffaux, F.; China, B.; Dams, L.; Clinquart, A.; Daube, G. Development of a genetic traceability test in pig
based on single nucleotide polymorphism detection. Forensic Sci. Int. 2005, 151, 239-247. [CrossRef]
Fazdillah, N.A.; Rohman, A.; Arief Salleh, R.; Amin, I.; Shuhaimi, M.; Farahwahida, M.Y.; Rashidi, O.;
Mohammad Aizat, J.; Khatib, A. Authentication of butter from lard adultertationusing high-resolution of
nuclear magnetic resonance spectroscopy and high-performance liquid chromatography. Int. J. Food Prop.
2017, 20, 2147-2156. [CrossRef]

Stefano, A. On “Valutazione Dell’autenticita dei Prodotti Carnei Halal: Uso di Metodi Rapidi e Innovativi nei
Processi di Trasformazione dei Salumi”. Bachelor’s Thesis, University of the Study of Teramo, Teramo TE,
Italy, 2012.

Long, K.D.; Yu, H.; Cunningham, B.T. Smartphone instrument for portable enzyme-linked immunosorbent
assay. Biomed. Opt. Express 2014, 5, 3792-3806. [CrossRef]


http://dx.doi.org/10.1016/j.meatsci.2015.08.014
http://www.ncbi.nlm.nih.gov/pubmed/26334371
http://dx.doi.org/10.1016/j.meatsci.2011.10.014
http://dx.doi.org/10.1016/j.meatsci.2012.12.012
http://dx.doi.org/10.1016/j.meatsci.2013.03.008
http://dx.doi.org/10.1007/s12161-011-9290-5
http://dx.doi.org/10.1016/j.foodchem.2016.04.084
http://dx.doi.org/10.1371/journal.pone.0181949
http://dx.doi.org/10.1016/j.foodcont.2019.107003
http://dx.doi.org/10.3390/s120100612
http://www.ncbi.nlm.nih.gov/pubmed/22368488
http://dx.doi.org/10.1016/j.foodcont.2015.09.029
http://dx.doi.org/10.1016/j.foodres.2013.11.003
http://dx.doi.org/10.1007/s12275-015-4656-9
http://www.ncbi.nlm.nih.gov/pubmed/25557475
http://dx.doi.org/10.1016/j.foodcont.2016.01.041
http://dx.doi.org/10.1016/j.bios.2016.06.065
http://dx.doi.org/10.1021/acsbiomaterials.5b00449
http://dx.doi.org/10.1016/j.foodcont.2013.02.022
http://dx.doi.org/10.1016/S0309-1740(01)00206-6
http://dx.doi.org/10.1016/j.forsciint.2005.02.013
http://dx.doi.org/10.1080/10942912.2016.1233428
http://dx.doi.org/10.1364/BOE.5.003792

Foods 2020, 9, 1111 19 of 19

131. Orduna, R.A.; Ghosh, D.; Husby, E.; Yang, C.T.; Beaudry, F. Assessment of meat authenticity using
bioinformatics, targeted peptide biomarkers and high-resolution mass spectrometry. Food Addit. Contam.
Part A Chem. Anal. Control Expo. Risk Assess. 2015, 32, 1709-1717. [CrossRef] [PubMed]

132. Husseini de Aradjo, S. Assembling halal meat and poultry production in Brazil: Agents, practices, power and
sites. Geoforum 2019, 100, 220-228. [CrossRef]

133. Wibowo, M.W.; Ahmad, ES. Non-Muslim Consumers’ Halal Food Product Acceptance Model.
Procedia Econ. Financ. 2016, 37, 276-283. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1080/19440049.2015.1064173
http://www.ncbi.nlm.nih.gov/pubmed/26241836
http://dx.doi.org/10.1016/j.geoforum.2019.01.014
http://dx.doi.org/10.1016/S2212-5671(16)30125-3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Ḥalāl Meat Products and Regulations in Europe 
	Ḥalāl Salami Processing 
	Ḥalāl Raw Material 
	Preservatives 
	Sensory Profile 
	Biogenic Amines 
	Use of Spices and/or Plant Extracts 
	Halāl Casing 

	Food Safety in Ḥalāl Assurance 
	Authentication of ḥalāl Meat for Salami and Other Meat Products 
	Conclusions 
	References

