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Abstract: Fermented dairy products have been essential elements in the diet of Southern Mediter-
ranean countries for centuries. This review aims to provide an overview of the traditional fermented
products in Southern Mediterranean countries, with a focus on fermented dairy products, and to
discuss innovative strategies to make improved versions of these traditional products. A large variety
of fermented dairy products were reviewed, showing high diversity, depending on the used raw
materials, starter cultures, and preparation procedures. Traditionally, dairy products were fermented
using spontaneous fermentation, back-slopping, and/or the addition of rennet. Compared with
commercial products, traditional products are characterized by peculiar organoleptic features owing
to the indigenous microflora. The main limitation of traditional products is preservation as most prod-
ucts were consumed fresh. In addition to drying, brine or oil was used to extend the product shelf life
but resulted in high salt/fat products. Several studies suggested alternative ingredients/processing
to make revised products with new flavors, improved nutritional quality, and a longer shelf life.
There is still plenty of room for more research to obtain a better understanding of the indigenous
microflora and on quality improvement and standardization to reach a wider market.
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1. Introduction

Southern Mediterranean countries, especially the neighboring countries, share the
same dietary habits and food culture [1]. Milk has a symbolic value of life and fertility
in the lives of people residing there [2]. In fact, the Middle East has a rich portfolio of
traditional dairy products as they were among the first countries to start animal domes-
tication [3,4]. Milk is a highly perishable product, and thus, fermented dairy products
represent important sources of energy and nutrients in a time of crisis because of their
long shelf lives. Fermentation is one of the oldest food preservation techniques [5]. The
traditional methods of making fermented foods have been passed down through genera-
tions. Although fermented products have been essential parts of the diet in the region for
centuries, scientific knowledge and studies on some traditional fermented milk products is
still limited.

Traditional fermented milk products are known for their peculiar organoleptic features,
nutritional value, and therapeutic properties [6-8]. In the MENA region, there is a wide
variety of artisanal dairy products, and their denomination and manufacturing processes
differ between regions [9]. These products also differ in their taste and their consistency,
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and they can be categorized into drinkable yogurt, spoonable yogurt, butter, and cheese
(Appendix A). These products are made by fermenting raw milk at room temperature by
using spontaneous fermentation, back-slopping fermentation, or a specific starter and/or
rennet addition [10,11]. Fermentation is a simple process that does not require intensive
labor; it extends shelf life and improves organoleptic features [12]. Traditional fermented
products contain natural complex microbial communities that have various beneficial
effects [11]. Fermentation imparts health benefits in association with the presence of
probiotic bacteria (Lactobacillus, Bifidobacterium, Streptococcus, Leuconostoc, Propionibacterium,
Bacillus, and Enterococcus) and their derived products with health benefits, such fatty
acids, amino acids, minerals, and vitamins [6,10]. Fermented dairy products are generally
considered microbiologically safe because they have a pH lower than 4.5 [13]. Below that
level, the growth of most micro-organisms is inhibited [14].

Several traditional products are gaining interest because of their preferred sensory
attributes as well as their health promoting benefits, and thus, they are industrialized and
commercialized worldwide. Nevertheless, the use of modern processing and commercial
starter cultures to recreate the authentic taste and flavor is challenging. Thus, further under-
standing and improvements in the traditional fermentation methods would contribute to
finding safer and better standards while preserving the original flavor. In this context, this
review aims to document the most popular traditional fermented dairy products (listed
in Table 1) originating from Algeria, Egypt, Libya, Morocco, Tunisia, Lebanon, Syria, and
Palestine. Each section intends to explain the indigenous raw ingredients, preparation tech-
niques, and characteristics of these traditional products. Moreover, innovative approaches
currently being implemented to introduce improved versions of these traditional products
are also discussed.

Table 1. List of traditional fermented dairy products by countries [1-4,8,15].

Drinking

Countries Yogurt Spoonable Yogurt Butter Cheese
. . Bouhezza, Klila, Jben, Takammart. Aoules, Chnina
Algeria Lben, Raib ) Smen/Dhan (Mechouna), Madghissa, Igounanes
. Labaneh, Zabady, Jebna adima (Mish), jebna barimili, jebna balady, arish
Egypt Laban Raib Kishk Samna (Karish), astanbouli, Ras/Rumy/Romi, Domiati
Libya Lben, Raib - Zebda, Smen Jben
Morocco Lben, Raib Zebda, Smen Jben, Taklilt, Chefchaouen
Tunisia Lben, Raib - Zebda, Smen Jben, Rigouta, Testouri
Labneh, Kishk Serdaleh, darfiyeh, Nabulsi, Hallouml,. Akkawl, Balady
Lebanon Laban akhdar (green Kishk) cheese, Jebneh khadra (or shencklish), arisheh,
& majdouleh, mshalshleh, Halawet el jeben,
Balady, Akkawi, charkassiyea, jebna haloum jebna
Syria Lban arabia, jebna baytha, majdouleh, chelel, Siirke
(Shanklish), cresse cheese
Palestine Laban Labneh, Kishk Nabulsi, Majdouleh, Mish

2. Traditional Dairy Fermentation Methods

Dairy products from spontaneous milk fermentation have been produced and con-
sumed for thousands of years [9,16]. Spontaneous fermentation consists of the “natural”
fermentation of raw milk for hours to days at room temperature. This fermentation is
mediated by indigenous microflora, especially lactic acid bacteria and exogenous micro-
organisms (contamination) [17]. Even though the fermentation process was studied for
years, the naturally occurring bacteria had not yet been fully deciphered until now. Sponta-
neously fermented milk products can serve as a model system for investigating microbial
ecology and evolutionary adaptations [11]. However, the main concerns over natural
milk fermentation are associated with the high initial contamination [18], the inadequate
hygiene conditions during the artisanal process [5,19], and the absence of any thermal
treatment [9,20].
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Back-slopping is another “natural” fermentation process that consists of adding a
small quantity of old fermented product (yogurt or cheese) as a fermentate into a fresh raw
ingredient [21]. The repetition of the identical back-slopping fermentation process stabilizes
the microbial community and standardizes the quality and safety of the final product [11,22].

Traditionally, dried abomasa were used to coagulate the milk. At the end of the
19th century, the industrial production of rennet substituted the use of dried abomasum.
Commercial rennet (chymosin) is an enzyme extracted from the gastric juices of calf and
adult cattle stomachs [23,24]. Rennet contains mainly proteolytic enzymes, and proteolysis
is an important part of cheese ripening [25]. Consequently, several types of cheese have
special sensory characteristics that are attributed to the type of rennet used [9]. The increase
demand for rennet lead to the production of rennet from other sources such as cattle, micro-
organisms (e.g., Rhizomucor miehei, Rhizomucor pussillus, Kluyveromyces marxianus var. lactis,
and Escherichia coli K-12), and plants (e.g., Calotropis procera and Cynara cardunculus) [23].

3. An Overview of the Traditional Fermented Milks

Fermented milk products are important staples in Southern Mediterranean countries
(Table 2). They are produced using milk from cows, goats, ewes, sheep, camels, or buffalo,
depending on the country’s livestock farming [26]. According to their consistency, two
categories might be identified, i.e., drinkable yogurt and spoonable yogurt.

Table 2. Main features of traditionally fermented dairy milks.

Types Products Common Name Description Main Starters References
Spontaneousl Raib is a spontaneousl Streptococcus termophilus,
Drinkable P o Raib/Laban Rayeb P . y Lactococci, leuconostocs, [27,28]
Fermented Milk fermented milk. .
and Lactobacillus
Lactococcus lactis ssp. lactis,
Lben in Morocco .and Lben is a buttermilk resulting Lactogoccus lqctzs ssp. .lactzs
. Algeria, leben in . biovar diacetylactis,
Buttermilk . . from the churning of . [29]
Tunisia, Iraqi and naturally fermented milk Lactococcus lactis ssp.
Laban khad in Egypt y cremoris, and
Lactobacillus plantarum
Back-slopping Laban, Laban Laban is fermented using old Streptococcus termophzlus,
fermented milk Zabady (previous) fermentate Leuconostoc lactis, and [26,30,31]
Lactobacillus acidophilis
Fresh/Dr1ec’1 Kishk, ke&."hek' Kishk is made with Streptococcus termophilus
Spoonable  Fermented milk kushk, Kishk . . . . [32,33]
fermented milk and cereals  and Lactobacillus acidophilis
and Cereals Matrouh
Concened L Labnch, L madeby daing - Syt
Fermented Milk  shaneenah, Anbaris, aban or Laban sabacy u ' :

reaching a creamy texture Lactobacillus acidophilis

3.1. Drinking Yogurt

Spontaneously fermented milk, Raib or Rayeb, is produced in many Southern Mediter-
ranean countries [37,38]. Traditionally, raw cow’s, goat’s, buffalo’s, camel’s, or ewe’s
milks or mixture of milks are spontaneously fermented at room temperature until coag-
ulation [27,28]. Fermentation has been associated with bacteria (e.g., Lactococcus lactis
and Leuconostoc mesenteroides) and yeast (e.g., Saccharomyces and Candida) naturally occur-
ring in raw milks [39,40]. These micro-organisms are responsible for milk acidification,
texture change, and aromatization [39]. They are natural probiotics providing several
health benefits, such as improving immune system, the blood lipidic profile, and intesti-
nal health [41]. Fermented milk could be consumed directly after fermentation or after
manually skimming the fermented product [42]. Industrially, fresh milk is pasteurized
(72 °C) to reduce/eliminate pathogens [43]. Then, commercial starters and/or rennet
are added to coagulate the pasteurized milk (after cooling) [39]. A ready-to-use starter
(Streptococcus termophilus, Lactococci, leuconostocs, or Lactobacillus) is not available, because
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of the complexity and high biodiversity of the naturally occurring enzymes and micro-
organisms [44]. Industrial fermentation results in organoleptic characteristics, including
texture, flavor, and taste different from those of the conventional products. This is due to
heat treatment (pasteurization) inactivating indigenous milk enzymes that play a pivotal
role in the traditional flavor development [27,41].

Buttermilk (“Lben” in Morocco and Algeria, “leben” in Tunisia, and “Iraqi” or “Laban
Khad” in Egypt) is made through the spontaneous fermentation of raw milk at room
temperature (24-72 h) until coagulation [45]. The spontaneously fermented milk is churned
to separate nonbutter fraction from the butter [46]. Lactic bacteria identified in traditional
buttermilk belong to Lactococcus lactis, Leuconostoc mesenteroides, and Lactobaccillus plantarum
species. The key aromatic compounds are mainly butanoic acid, acetoin, and hexanoic
acid [47]. Even though buttermilk is generally considered safe for consumption, pathogenic
micro-organisms (e.g., Escerichia coli, Salmonella enteritidis and Staphylococcus aureus) have
been detected [15]. Industrially, whole, skimmed, or partially skimmed milk is pasteurized
and then fermented using commercial starters, i.e., Lactococcus lactis lactis, Lactococcus lactis
diacetylactis, and Lactococcus cremoris [15,21]. Despite the efforts implemented to imitate the
organoleptic properties of traditional products, consumers still prefer traditional products
because artisanal starters enable a typical flavor (fresh and sour taste) and texture that
cannot be reached with the commercial starters. Traditional Lben is characterized by higher
protein, lactose, and mineral contents but a lower fat content and acidity than industrial
Lben. When traditional Lben was used as an old fermentate instead of commercial starters
to make industrial Lben, the resulting fermented milk had a firmer texture and improved
taste and mouthfeel [15]. The weak texture of industrial products could be overcome by
using thickeners such as starches [48].

Laban in Lebanon or Laban Zabady in Egypt is a spoonable yogurt obtained by back-
slopping fermentation. A small quantity of old Laban is used as a starter and added to
pasteurized milk (from a cow, goat, sheep, buffalo, or camel). Micro-organisms identified
in Laban are Streptococcus termophilus, Leuconostoc lactis, and Lactobacillus acidophilis [30].
The industrial production of Laban is carried out using lactic acid bacteria fermentation
(Streptococcus thermophillus and Lactobacillus bulgaricus) at 4045 °C [31]. Industrialization
enabled achieving the constant and standard metabolic starter performance and rheological
properties of yogurt. However, consumers prefer the traditional product because of its
peculiar taste and flavor [30,31]. Laban is characterized by 1% titratable acidity and a pH
of 4.0 [30]). Compared with milk, Laban is a probiotic product with lower cholesterol, fat
and protein contents, and higher minerals and vitamins than raw milk [26,49,50].

3.2. Spoonable Yogurt

Labneh or Shaneenah is a sour and creamy product heavily consumed in the Mediter-
ranean region (Lebanon, Egypt, Jordan, and Syria) [34-36] and commercialized worldwide.
It is obtained by draining Laban or Zabady by using a cheesecloth at room temperature
until obtaining the desired solid texture. Labneh is characterized by high-protein (double
the content of Laban) and probiotic micro-organisms (more concentrated in viable lactic
acid bacteria than yogurt) contents and low-lactose content [51]. Moreover, it has a fat
content of 9-11% (if full-fat yogurt is used), a moisture content of around 75%, a pH of
around 4.5 and a shelf life of 7 to 10 days [35]. A unique version of Lebanese Labneh,
known as Labneh Anbaris, Labnet el-jarra, and Serdaleh, was produced mainly in the
rural areas. It is obtained by spontaneously fermenting the milk of a goat, a sheep, or a
mix of them with 5% coarse salt for two weeks [52]. Fermentation takes place in specific
earthenware jars with holes designed for continuous whey drainage. Jars are refilled with
fresh milk at around 30 °C every 5-7 days until the jars are full. Fresh Labneh Anbaris has
a firm texture, white color, and high acidic content (pH 3.76) [53]. It is consumed fresh or
shaped into small balls and conserved in glass jars filled with olive oil for up to one year.
Labneh Anbaris is currently available in the global market as pots of cheese balls covered
with oil and preserved at 46 °C.
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Kishk is widely consumed in Lebanon, Jordan, Egypt, Palestine, and Syria [32]. It is
known by different names: keshek, Kishk (Lebanon), kushk, or Kishk Matrouh (Egypt).
Kishk is prepared by mixing cereal such as burghul (crushed and parboiled wheat), wheat,
or barley with fermented milk (Laban (Lebanon) or buttermilk (Egypt)] from cow, sheep or
goat milk in a ratio of (1:1-1:4) and salt (3%) [32,33,54]). The fermentation could take a few
days (2 to 7 days) at room temperature, with a daily addition of fermented milk to keep
the fermentation active. The obtained paste is kneaded, shaped into balls, and consumed
fresh or preserved in glass jars filled with olive oil. Kishk balls also could be sundried,
rubbed by hand, or ground (industrially) to obtain Kishk flour with a long shelf life (1 to
2 years) [33]. Kishk flour is characterized by a fat content of 8-10%, low moisture content
(10-15%), pungent acidic taste, and low pH (3.80—4.80) [32,55]. Kishk flour is traditionally
used as an ingredient to make nutritionally balanced (high in protein and fiber) soups [33].

4. Traditional Butter

Butter is one of the oldest dairy products and is one of the main sources of fat and
energy [56]. In North African and Middle East countries, traditional butter (Zebda or
Zebda baladi) is produced by churning the spontaneously fermented milk to separate
the butter from the buttermilk (Lben) [37,57]. Churning breaks the oil-in-water emulsion,
leading to aqueous phase separation and the formation of water-in-oil emulsion. This
product is characterized by a strong diacetyl flavor (depending on the source of milk) and
savory taste, which is appreciated by consumers [57]. Aldehyde and ketone compounds
are characteristics of cow milk butter; acid and terpene are characteristics of sheep butter;
and ester, alcohol, and sulfur compounds are characteristics of goat butter [58]. Traditional
products have a limited shelf life and need to be consumed within a few days. Prolonged
storage inducea a deterioration of odor, color, taste, and nutritional quality due to lipolysis
and oxidation [59]. Contaminated raw materials can favor the growth of pathogens such
as L. monocytogenes [60]. Industrial butter is widely produced and consumed around the
world, directly or as an ingredient in processed foods [56]. After pasteurization, the milk
is skimmed to separate the cream from the milk. The collected cream is standardized at
40% fat and a pH of 6.6 and pasteurized. This cream is physically matured, acidified (at
pH 5.2), and then churned. After separating the buttermilk, the butter is washed, salted,
and processed to reach the desirable consistency [61].

Ghee, also Smen/Dhan in North Africa, Samn Baladi in Egypt, or Samneh in Lebanon,
is a fermented butter made from raw whole milk (cow, goat, or buffalo milk either alone
or as a mixture) [62,63]. Lactococcus, Lactobacillus, and Leuconostoc are the main microflora
involved in ghee fermentation [64]. There are two variants of ghee: rancid butter and butter
oil [65,66]. Rancid butter is obtained through the maturation (1-12 months) of raw salted
butter (8-10%) made from spontaneously fermented milk [67,68]. This product is highly
aromatic and used to improve the taste of many traditional dishes and medicines [63,64,69].
On the other hand, butter oil is produced by heating traditional butter to separate fat from
milk serum [57]. Before maturation (1 month to 7 years), several ingredients, including salt,
coarse semolina, and herbs, can be added for flavoring and/or preservation purposes [70].
However, lipolysis and oxidation during prolonged storage can reduce the nutritional and
organoleptic qualities and induce the rancidity of butter oil [71].

5. An Overview of Traditional Cheeses

The cheese repertoire of Southern Mediterranean countries is rich and contains a wide
variety of products, from fresh to hard types (Table 3).

5.1. Soft Cheese

Chnina (also Mechouna, Michouna) is a soft fresh cheese from Algeria (Tébessa area)
made using back-slopping fermentation. Fresh goat milk is mixed with buttermilk (at a 1:2
ratio pf buttermilk to milk) and salt. The mixture is heated until coagulation. The recovered
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curd is drained overnight to completely remove the whey. This cheese has a pH of 5.85 and
short shelf life (up to 6 days) [72].

Table 3. Traditional cheeses.

Types Products Description Starter Culture References
Soft Chnina Fresh cheese with short shelf life Back-slopping fermentation [72]
Testouri Fresh and brined cheese Rennet [73]
Rigouta Fresh cheese with short shelf life Spontaneous fermentation of whey [74]
Fresh, white cheese, slightly salty Spontaneous fermentation, plant
Jben . [75,76]
and sour coagulating enzymes and/or rennet
Chefchaouen Fresh cheese Rennet [77]
Arish, kariesh Fresh light cheese Natural acid coagulation [34]
Madghissa Processe;lncclllzejsﬁvztgl(zlfiow coler, Back-slopping using fresh Klila [78,79]
Domiati Ripened and light-brown cheese Spontaneous fermentation [80]
Mish Ripened and/or fresh cheese back-slopping usme fresh Karish or [81,82]
old Mish
Bouhezza Rlpenec.l and spreadab.I e cheese ﬂ.ayors Spontaneous fermentation [83,84]
are slightly salty, spicy, and acidic
Semihard Halloumi Semihard to hard white brined cheese Rennet [85]
Akkawi White brined cheese Rennet [86]
Nabulsi White brined cheese Rennet [87]
Mshalshe Stretched-curd brined cheese Rennet [81,82]
Darfiyeh Dried and ripened cheese Spontaneous fermentation [88]
Shankleesh Fresh and/or dry aged cheese Spontaneous fermentation [3]
Hard Klila Fresh and/or dry white cheese Spontaneous fermentation [89]
Takkamart Dry brown cheese Abomasum [78]
Aoules Dry cheese Spontaneous fermentation [83]
Taklilt Dry cheese Spontaneous fermentation
Roumy, Rumi, Ras Hard aged cheese Spontaneous fermentation [34]

Testouri is a fresh soft cheese made from goat and sheep milk, and it is traditionally
consumed in Tunisia [73]. This white cheese is a product obtained after milk coagulation
(with rennet) and draining (for whey removal). The curd is kept in brine for flavor improve-
ment and preservation [90]. This cheese is reported to have probiotic effect (conferring
health benefits) owing to the presence of E. faecalis OB14 and OB15 [91].

Rigouta is a fresh soft cheese from Tunisia (region of Béja) and is made by the spon-
taneous fermentation of whey at room temperatures for 1-2 days. Lactococcus lactis and
Enterococcus faecalisare are the key micro-organisms in Rigouta fermentation [74]. Fermented
whey is then heated for protein coagulation [92]. The curd is drained to obtain fresh cheese,
which has a short shelf life (2-3 days) [93,94]. The industrial version of Rigouta in Tunisia is
commercialized as “Ricotta”, which has similar process to Italian Ricotta, which is produced
by heating whey protein (and milk or cream milk to increase the yield), adding citric acid
to induce coagulation, draining, and packaging [95]. The resulting product is characterized
by 70-80% moisture, 10-25% fat and 8-10% protein, a pH ranging from 6.10 to 6.80, and a
shelf life of 3 weeks at 4 °C [96]. Enterococcus faecalisare is the key microorganism in Rigouta
fermentation [74].

Jben, Djben, or Jebena Balady is a soft white cheese traditionally made in the North
African and Middle Eastern countries, such as Egypt and Lebanon [45,97]. Jben is pro-
duced from spontaneously fermented raw sheep milk or goat milk at ambient temperature
for 1 (summer season) to 3 (winter season) days [97]. Fermentation can be accelerated
through the addition of coagulating enzymes (e.g., cardosins and cyprosins) from plants
(e.g., cardoon, artichoke, or pumpkin) or rennet [75,76]. The main strains occurring in
traditional Jben belonged to the genera Lactobacillus, Lactococcus, Leuconostoc, and Entero-
coccus. In total, 16 species were identified: Lactobacillus plantarum, Lactobacillus rhamnosus,
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Lactobacillus paracasei, Lactobacillus brevis, Lactobacillus buchneri, Lac-tococcus lactis, Lactococcus
garvieae, Lactococcus raffinolactis, Leuconos-toc pseudomesenteroides, Leuconostoc mesenteroides,
Leuconostoc citreum, Eterococcus durans, Enterococcus faecalis, Enterococcus faecium, Entero-
coccus saccharominimus, and Streptococcus [98]. This cheese is flavored with plant extracts,
spices, and herbs (e.g., garlic and thyme added after draining and salting) [99]. Jben can be
stored for up to 7 days at a cool temperature before being served. This cheese has a pH of
4.1 and is characterized by 62.5% moisture, 16.5% fat, 15.8% crude protein, 4.1% lactose,
and 1.04% titratable acidity [98,100]. At an industrial level, the fermentation of pasteurized
milk is conducted using rennet and acidifying agents [99].

Chefchaouen is a fresh goat’s cheese from the province of Chefchaouni (Morocco) [77].
The cheese is traditionally made from whole raw milk, rennet, and salt. Prior to consump-
tion, this cheese is washed to remove the excess salt used for preservation. Industrially,
milk is pasteurized and fermented using starter cultures and synthetic animal rennet, with
the exclusion of salting to produce a French-style cheese. This cheese is still sold in local
shops and supermarkets in North Morocco [77].

Karish, kariesh, or kareish is a soft cheese made from skimmed milk (cow or buffalo)
or traditional yogurt (e.g., Laban, Rayeb, or Laban khad). Karish is prepared by draining
and pressing the skimmed yogurt (Laban) in a tied cheesecloth for 1 (summer season)
to 3 (winter season) days. The obtained cheese is cut into pieces, salted, and kept in a
cheesecloth for hours for complete whey elimination [34].

Madghissa or Imdeghest is a processed cheese from the Chaouia region (Algeria) [79].
Fresh Klila (a hard cheese) is used as fermentate, mixed with salt and fresh milk and heated
until the protein coagulates. After cooling and draining the whey, the cheese obtained is
characterized by a salty taste, a yellow color, and an elastic texture [78].

Domiati is a soft ripened or fresh Egyptian cheese [80]. Salted cow or buffalo milk
is spontaneously fermented for 2-3 h [34,101]. The obtained curd is molded, drained
(12 to 24 h), pressed, and cut into blocks. Fresh Domiati has a pH of 6, which could favor
microbial spoilage [80]. For longer preservation, this cheese can be stored in salted whey
for 4 to 8 months. For the aging process to take place, cheese is wrapped in wax paper and
stored in wooden or steel molds for a year. Aged Domiati cheese has a pungent taste and a
light-brown color.

Mish is a soft and ripened Egyptian cheese prepared by covering small pieces of Karish
cheese with milk (whole or skimmed) or buttermilk and salt (10%), and it continues to
maturate in earthenware pots for 1 year [34]. Pots are closed with mud paste and stored
in warm conditions (or it can be exposed to the sun). In some cases, old Mish could be
added as a natural starter to accelerate the fermentation. Flavoring ingredients such as food
byproducts from sesame oil or butter oil production and/or spices (e.g., red, hot, green,
or black peppers, anis, and/or fennel) could be added. Mish is characterized by a strong
flavor [102].

Bouhezza is a traditional soft and ripened cheese from Algeria (the region of
Chaouia) [103]. Traditionally, this cheese is made from goat’s, sheep’s, or cow’s milk
or a mixture of them [78,79]. Before cheese making, buttermilk is kept for 12to 24 hina
goatskin bag to remove skin features (odor/taste) [103,104]. Then, salt and buttermilk are
poured, mixed, and left to maturate for 2 to 3 months, until they have reached the desired
texture [79,83]. Bouhezza is acidic (pH 4) and contains 13% protein and 13% fat [83,84].
The main lactic acid bacteria identified in Bouhezza are Enterococcus faecalis, E. faecium, and
Lactobacillus paracasei ssp. Paracase [83,104]. Currently, traditional Bouhezza is limited to
some regions and commercialized in small local markets.

5.2. Semihard Cheese

Haloumi is a semihard to hard white cheese highly consumed in some Mediterranean
countries (Lebanon, Syria, and Jordan). According to the Cypriot standards [85], traditional
Halloumi is prepared by the coagulation of a mix of ovine milks with rennet. The obtained
curd is pressed and cut into blocks while the whey is heated to eliminate the solubilized
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proteins. The blocks of curds are cooked in the whey for 1 h then drained, salted, sprinkled
with dry mint, pressed, and folded in half. Halloumi is stored in brine (11-12% salt) for
almost 40 days before its consumption [105]. Halloumi can be consumed fresh, grilled, or
fried. It is characterized by an elastic and compact texture when it is fresh and by good
melting and stretching properties when heated. It has a salt content of 3%, fat content of
43% (dry matter), and moisture content of 46% [106,107].

Akkawi is a semihard cheese popular in the Middle East, Persian Gulf, and North
African countries [86]. It is produced from the coagulation of bovine or ovine milk or a
mix of them, using rennet. The curd obtained is molded and pressed well to drain all the
whey, cut into blocks, and pressed for 1 h [81]. Industrially, starter culture and then rennet
are added to milk at 35 °C after its pasteurization. Akkawi cheese is preserved in brine
(10% salt) at 4 °C. It has a fat content of 21.6%, protein content of 22.5%, and moisture
content of 51% [108].

Nabulsi is a semihard cheese high in salt and made traditionally from the coagulation
of sheep or goat milk or a mix of them, using rennet. Today, cow milk could also be used.
After coagulation, the obtained curd is cut, drained in a cheese cloth, and pressed. The
cheese is salted and stored overnight in brine (18 to 21% salt). After 24 h, the cheese is
cooked in the boiled brine for 5 to 10 min, cooled, and stored in a brine of 15% salt [108,109].
The shelf life of Nabulsi cheese is about 6 to 12 months [108].

Mshalshe or Shelal cheese is a stretched-curd cheese consumed in Lebanon and Syria.
The preparation of Shelal consists of coagulating the milk using rennet, leaving the curd
aside to acidify and then stretching and tearing down the curd to form strands for braiding.
Mshalshe cheese is characterized by a pH of 5.2 and is traditionally stored in brine [81,82].

Darfieh is a very old semihard and dry Lebanese cheese produced from the sponta-
neous fermentation of raw goat milk. The curd obtained is stirred, shaped manually into
balls, salted, and then sundried. The dried balls are cut and left aside for longer than 12 h,
before being conserved in goatskin bag (after being cleaned and salted) for aging [88].

Shanklish is a dry, semihard, and mold-ripened cheese consumed in Lebanon. It is
prepared using whole or skimmed traditional yogurt (e.g., Laban) from ewe, goat, or cow
milk. Laban is heated until the protein coagulates. Then, the curd (Quareesh el Laban) is
drained in a cheesecloth, salted (10%), shaped into balls, and sundried for 3 days [3]. Dried
cheese is left to age in earthenware jars for weeks at room temperatures. During aging,
yeast and molds (including Debaryomyces hanseni and Penicillum) cover the cheese with
green spots, which are sometimes washed at the end of the fermentation process. Aged
Shanklish is sprinkled with dry herbs and spices (thyme, chili, and/or cumin) and can be
consumed fresh or stored in glass jars and covered with olive oil for 1 to 2 years. Shanklish
has a pH around 4 and an astringent and piquant taste. It is high in protein (33%) and low
in fat (2%) [3].

5.3. Hard Cheese

Klila is the most popular hard cheese in the Chaouia region (Algeria) [83,89]. Raw
milk from goat, sheep, or cow is spontaneously fermented until coagulation and then
churned. The buttermilk fraction is heated (up to 75 °C) to favor whey separation from
the curd [89,110]. The curd is drained to recover fresh cheese [89]. This cheese can be
consumed fresh or dried (sundried), for a shelf-life extension of up to 2 years. This artisanal
manufacturing process is still applied in different Algerian regions [110]. Dry Klila can be
rehydrated (using milk or water) and mixed with cereal flours [111]. Klila is characterized
by high-protein content and low-salt and -fat contents, and it is consequently recommended
to people with metabolic diseases such as diabetes or high cholesterol levels [111,112].

Takemmart is an Algerian dry hard cheese with a flattened shape and brown color. It is
obtained by the fermentation of milk using the rennet of young goat’s stomach (abomasum).
After coagulation, the curd is recovered, kneaded, and placed on a mat covered with fennel
for flavoring. The mats are then sundried for 2 days and then kept in the shade until the
cheese hardens. The cheese can undergo maturation for 1 month [78].
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Aoules or Ioulsan is a dry cheese from Algeria (Ahaggar region) [83]. Aoules is ob-
tained by moderate heating of buttermilk until the protein precipitates (like Klila) [113]. The
precipitate is strained in a straw basket, and the curd is kneaded in a small quantity, shaped
in cylinders (2 cm thick, 6-8 cm diameter), and then sundried, milled, and stored [114].
In a similar way, Taklilt is a dry Moroccan cheese made primary from camel’s milk. The
fermented milk is heated until coagulation and then drained. The curd obtained is shaped
into balls and dried in the sun.

Ras or Roumy is an Egyptian aged hard cheese produced by the spontaneous fermen-
tation of cow or buffalo milk or a mix of them. The obtained curd is stirred, heated, salted,
molded, and drained in a cheesecloth. A manual (traditionally) or mechanical (industrially)
pressure is applied to hasten the whey drainage. The obtained cheese is stored in brine
(20% salt) and then drained and dry salted for 2 months on wood shelves [34]. Each side of
the cheese wheel is salted separately many times. Ras cheese contains viable probiotic bac-
teria and has a strong and pungent taste [115,116]. Concerns about the contamination risks
of the wet wood shelves (absorbing the cheese water) have been raised and investigated by
many authors [116,117].

6. Innovative Strategies for Enhancing the Quality and Safety of Traditional
Fermented Dairy Products

6.1. Increasing and Unifying Quality Parameters

Ultrafiltration was used to standardize the fat content (5%) of goat milk-based Hal-
loumi type cheese [118]. This technique increased protein retention, meltability, and free-oil
release. When the fat level was increased above 2 g/100 g, organoleptic attributes, espe-
cially texture, and overall acceptance of Halloumi cheese were significantly improved [118].
Adding 2% of oats to ultrafiltered low-fat Labneh improved the sensory and nutritional
qualities (protein and fiber), increased probiotic bacteria, and extended the product shelf
life [119]. Moreover, Labneh products were found free from coliform throughout the
storage period.

Lactobacilli have received increasing attention as probiotics and improvers of shelf-
life and sensorial properties [120-122]. Lactic acid bacteria (Lactobacillus plantarum and
Enterococcus faecium) with antimicrobial activity against Staphylococcus aureus were effective
in protecting Domiati cheese during 8 weeks of storage (at 6 °C) and improving the
organoleptic properties, proteolysis, and lipolysis [123]. Darwish et al. [124] isolated
268 lactic acid bacteria from native Egyptian camel, sheep, goat, buffalo, and cow milks.
Among these strains, L. lactis subsp. cremoris (KM746), L. lactis subsp. lactis (KM721),
Lb. plantarum (KP623), Lb. delbrueckii subsp. lactis (KP654), and Enterococcus feacium
(KT712) were used as starter cultures to enhance the safety and organoleptic properties
(taste, spreadability, and the overall texture) of Karish cheese products [125,126]. The
addition of probiotic bacteria to Labneh decreased the fungi and psychrophilic bacterial
counts [119,127]. The incorporation of encapsulated Lactobacillus acidophilus (5% and 10% of
capsules) to butter increased the viability of probiotic micro-organisms without hindering
their sensory acceptance [56].

Low fat, reduced fat, and reduced trans-fat are nutrition claims of relevance for
health-conscious consumers. Exopolysaccharide-producing probiotic Lactobacillus plan-
tarum isolated from camel milk was used for making low-fat Akkawi cheese [128]. The
resulting cheese showed improved radical scavenging rates (determined by DPPH and
ABTS), ACE-inhibition activity, and antiproliferation activity during the prolonged storage
period. It was also reported that the partial substitution of 30% of cow milk with camel
milk to make low-fat Akkawi improved the rheological properties during the storage
period [129]. Low-fat Halloumi was made by using modified maize starch as a fat re-
placer [130]. The addition of modified starch to cow milk improved the sensorial properties,
yield, and protein content. In addition, it decreased the fermentation time, pH, total solids,
fat, ash, and total volatile fatty acids, as well as total bacterial count and lipolytic bacte-
ria [130]. Sesame seeds (0-6%) used as fat replacers increased total solid, fat, and acidity but
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decreased the protein and ash contents in Labneh [131]. The replacement of 50% of milk fat
with wheat germ oil encapsulated in natural casein micelles enhanced the physicochemical
and sensorial characteristics of Labneh [132]. The partial substitution of milk fat with jojoba
oil reduced the trans-fat and cholesterol contents and improved the sensorial properties
of Domiati cheese [133]. The intake of Kishk enriched with a mix of pomegranate seed oil
and/or gum Arabic improved plasma high-density lipoprotein cholesterol, blood glucose,
plasma dyslipidemia, and urea [134].

The reduced salt/sodium approach is a major trend in the food industry [135,136].
Several traditional cheeses are salted or preserved in brine for flavoring and preservation.
This might negatively impact their acceptability by consumers having health issues and
requiring a diet low in salt or looking to reduce salt intake as a part of a healthier lifestyle.
It was reported that high sodium intake is associated with increased risk of hypertension,
kidney stones, and cardiovascular diseases [137-139]. Therefore, numerous studies have
investigated the replacement of NaCl with KCl in traditional cheeses such as Halloumi and
Nabulsi [87,108,128,129]. Overall, the partial substitution of NaCl with KCl did not impact
the chemical composition, textural profile, or organoleptic features of fresh cheese during
their storage [108]. However, it affected the microbial growth, such as that of Streptococcus
thermophilus, Lactobacillus casei, and Lactobacillus acidophilus, and it increased the proteolytic
activity during storage [87,108]. The effect of different salting methods (dry and brine)
on the chemical and textural characteristics of ovine Halloumi was assessed [105]. It was
concluded that dry salting Halloumi cheese for 1 day increased the minerals (calcium,
phosphorus, magnesium, and potassium) and reduced the hardness and fracturability
compared with those made with brine [105].

There is an increased demand for protein-enriched foods because of their association
with several health benefits to the human body. Protein enrichment using whey proteins
and micellar casein (1% and 2%) improved the nutritional profile and overall economic
efficiency of artisanal Shanklish. Moreover, this addition induced an increase in firmness
and cheese yield [3].

The addition of plant ingredients and extracts is not new, but the increased awareness
of their health benefits is attracting plenty of attention. Extracts from lemon peel were
found to improve Labneh flavor, texture, appearance, and shelf life. This is due to the
antioxidant and antimicrobial potential of lemon extracts [140]. Adding moringa at 2% to
Halloumi cheese, Labneh, and buttermilk increased the content of iron; protein; calcium;
vitamins C, B1, B2, and B3; and protein digestibility and extended their shelf life without
impacting the organoleptic properties [141-143]. Purslane enriched Kishk improved the
mineral and protein contents [144]. A probiotic Labneh was made with broccoli florets
paste (up to 5%) and Lactobacillus casei and had improved nutritional properties and shelf
life [145]. Adding artichoke powder at 1% to Labneh favored probiotic bacteria growth
without hampering the final quality of the product [146]. Cichorium and bromelain ex-
tracts enhanced the nutritional and organoleptic properties of Domiati cheese [147]. Sweet
pepper extract increased the organoleptic properties of Domiati cheese [127]. Fresh Labneh
enriched with antioxidative compounds from pepper extracts encapsulated in alginate
beads improved sensorial properties and antioxidant content [148]. Adding Spirulina to
Labneh increased the viability of probiotic micro-organisms as well as protein, dietary fiber,
antioxidant activity, vitamins (B1, B9, and B12), and minerals (Fe, Zn, K, and Mg) [149].
Essential oils were reported for their bioactive activities, which are beneficial for food
preservation [150-152]. Adding thyme essential oils (200 mg/kg) to traditional Kishk in-
creased its antioxidant activity (40.69%) compared with the control (31.54%) and decreased
the coliform bacteria, yeast, and mold counts [153]. Kishk enriched with Teucrium polium
essential oils showed reduced Escherichia coli during the cold storage period [154]. Propolis,
ginger, and thyme oils reduced pH and inhibited molds, yeasts, and Escherichia coli while
preserving the organoleptic properties of Domiati cheese up to 2 months [155]. The fortified
Labneh with different concentrations (0.1, 0.2, and 0.3%) of thyme oil nanoemulsion was
stable up to 6 weeks [156]. This is due to the bactericide properties of thyme oil. The
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addition of cinnamon, eucalyptus, and wheat germ oils (600 uL/kg) to Labneh showed
slight changes in quality (pH, acidity, total solids, and dry matter) and extended the shelf
life (up to 6 weeks at 5 °C). However, Labneh made with cinnamon and eucalyptus oils
were the most accepted [157].

Since 2015, interest in pulses as functional food has increased since the FAO’s declaring
it the year of pulses [158]. They were subsequently promoted for their health benefits and
suitability for special diets, such as gluten-free and plant-based dairy alternatives [159,160].
Innovative Kishk was prepared by replacing bulgur by 25% and 50% of broken faba bean
seeds (byproduct). The revised Kishk made with 50% faba had improved amino acids and
an improve mineral profile, without hindering its nutritional, microbiological, and sensory
qualities [161]. Sweet lupine powder (2%) improved the nutritional and organoleptic
properties of Labneh [162].

6.2. Processing for Enhanced Safety

For commercial dairy products, milk pasteurization is required. Thermal treatments
negatively affect the natural microflora of the milk and reduce the organoleptic features
of dairy products. However, it was reported that the use of cultured pasteurized milk
enhanced the organoleptic properties of ripened Domiati cheese [163]. Adding 0.1% potas-
sium sorbate to cultured pasteurized milk acted as an efficient preservative for cheese
during maturation [163]. Combining pasteurization (65 °C, 30 min), the addition of calcium
chloride (0.015%), and the pressing (prepress for 20 min at 0.2 MPa and then press for
40 min at 0.6 MPa) improved the yield and quality of Halloumi cheese [164].

The use of a magnetic field, a nonthermal treatment, drastically inhibited the growth
of spore-forming bacteria, yeasts, and molds in Halloumi cheese while preserving the
traditional flavor and texture [165]. Likewise, using gamma irradiation on Syrian dried
Kishk preserved the nutritional composition, texture, and color and reduced pathogens.
However, it negatively affected the total acidity, flavor, and taste [166]. Irradiation was also
used as a pretreatment of Lactobacillus casei prior to milk fermentation during the process
of making Labneh. This photo-dissimulating treatment improved the probiotic effect of
bacteria and antioxidant and proteolytic activities and enhanced the flavor, texture, and
stability of Labneh during storage [36].

6.3. Functional Edible Coatings and Packaging

Food packaging plays a key role in food protection, nutrient stability, quality preserva-
tion, and marketability [167]. Edible coatings and films are gaining a lot of interest because
of their dual role in protecting food from the surrounding environment and delivering
bioactive compounds and probiotics in food systems [168,169]. Edible film made from
mozzarella cheese whey was found effective in preserving the quality of Halloumi cheese
at room temperature for 9 days [170]. The microbial species contaminating Halloumi
cheese were also significantly reduced using chitosan coating with or without lysozyme or
natamycin, and consequently, the shelf life increased by more than 5 days compared with
brined cheese (5% and 10% salt). Remarkably, the sensory properties of cheese were not
affected by coating [171]. This suggests that coating could replace the use of brine without
sacrificing the typical taste and flavor of traditional cheese. Nanotechnology was also used
to make films with nanoparticles that interact with the food materials to improve/preserve
the organoleptic features, freshness, and stability [172,173]. Fayed et al. [174] showed
that wrapping Egyptian Ras cheese with cellulose sheets fortified with natamycin-loaded
alginate nanoparticles reduced the growth of A. flavus and aflatoxin without hindering the
traditional taste, color, flavor, and overall appearance of Ras cheese [174]. Youssef et al. [165]
found that coating mixtures of chitosan/polyvinyl alcohol/glycerol and titanium dioxide
nanoparticles protected Ras cheese from mold growth and reduced weight losses during
ripening [165]. Modified atmosphere packaging was reported to preserve Domiati cheese’s
peculiar volatile profile during storage and prolong the product shelf life compared with
other conventional storage methods (passive packaging and vacuum) [80].
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Overall, innovative strategies focused on overcoming the main limitations of tradi-
tional products: standardization and preservation. These approaches showed different
levels of success (Table 4). There is still plenty of room for innovations to find the right
balance between the traditional know-how to maintain the peculiar taste and flavor and
the use of novel technologies to improve the nutritional profile and productivity.

Table 4. Innovative strategies for improving dairy fermented products.

Product Treatments Results References
. . . -Increase in protein retention
Halloumi cheese Ultrafiltration -Increase in the meltability and free oil [118]
-Improvement of sensory parameters,
Labneh Ultrafiltration and addition of 2% oat nutritional quality and shelf life [119]
-Increase in probiotic bacteria
- Addition of Lactobacillus plantarum and “Prevention against Staphyloco.ccus aureus
Domiati cheese . -Improvement of the organoleptic properties, [123]
Enterococcus faecium ) . .
proteolysis and lipolysis
Addition of L. lactis subsp. cremoris (KM746),
. L. lactis subsp. lactis (KM721), L. plantarum ~ -Improvement of the sensorial parameters and
Karish cheese (KP623), and L. delbrueckii subsp. lactis safety against pathogens [124]
(KP654), Enterococcus faecium (KT712)
Labneh Addition of probiotic bacteria -Decrease in the fungi and psychrophili counts [119,127]
Butter Addition of encapsulated Lactobacillus -Increase in probiotic micro-organisms [56]
acidophilus (5 and 10%) p &
Addition of Lactobacillus Plantarum A C-é{?r}l)}ficl);fi?r?r;ziir:/isca\;irtliglil(;c;liiiiea\i’ion
Akawi cheese and partial substitution (30%) of cow milk . Rl P [128,129]
. . activity and shelf life
with camel milk . . .
-Improvement in the rheological properties
-Decrease in fermentation time, pH, total
. o . solids, fat, ash, and total volatile fatty acids,
Halloumi cheese Addition of modified maize starch as a and total bacterial count [130]
fat replacer . . .
-Improvement of sensorial properties, yield,
and protein content
Addition of sesame seeds (0-6%) as a -Increase in total solid, fat, and acidity
Labneh . . [131]
fat replacer -Decrease in the protein and ash contents
Substitution of 50% of milk fat with wheat . .
. . -Improvement of physicochemical and
Labneh germ oil encapsulated in natural . . [132]
S sensorial properties
casein micelles
Domiati cheese  Partial substitution of milk fat with jojoba oil “Decrease in trans-fat and.cholestero.l [133]
-Improvement of the sensorial properties
. Addition of a mix of pomegranate seed oil . —Impljovement of plasma high-density
Kish . lipoprotein cholesterol, blood glucose, plasma [134]
and/or gum Arabic .. .
dyslipidemia, and urea parameters
Halloqml and Substitution of NaCl with KCI “No effect on the chem'l cal and [125,126]
Nabulsi cheeses sensorial properties
-Increase in the calcium, phosphorus,
Halloumi cheese Dry salting for 24 h magnesium, and potassium contents [105]
-Reduction in the hardness and fracturability
. Addition of whey proteins and micellar -Improvement of the nutrition E.ﬂ profile, and
Shanklish cheese . o overall economic efficiency [3]
casein (1 and 2%) . . .
-Increase in the firmness and cheese yield
Labneh Addition of lemon peel extracts -Improvement of the flavor, t exture, [140]
appearance, and shelf life
Halloumi cheese, -Increase in iron, protein, calcium, vitamins (C,
Labneh and Addition of moringa (2%) B1, B2, and B3), protein digestibility, and [141-143]
buttermilk shelf life
Kishk Addition of purslane -Increase in mineral and protein contents [144]
. . . . -Increase in the viability of probiotic bacteria
Labneh Addition of Lactobacillus casei and broceoli -Improvement of the nutritional properties and [145]

paste (5%)

shelf life
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Table 4. Cont.

Product Treatments Results References
Labneh Addition of artichoke powder -Increase in the viability of probiotic bacteria [146]
- Addition of Cichorium and -Improvement of nutritional and
Domiati cheese . . . [147]
bromelain extracts organoleptic properties
Domiati cheese Addition of sweet pepper extract -Improvement of organoleptic properties [127]
Labneh Addition of pepper extract encapsulated in -Improvement o.f ant10x1d.ant and [148]
alginate beads organoleptic properties
-Increase in the viability of probiotic bacteria,
Labneh Addition of spirulina protein, dietary fiber, antioxidant activity, [149]
p vitamins (B1, B9, and B12), and minerals (Fe,
Zn, K, and Mg)
-Increase in antioxidant activity
Kishk Addition of thyme oil (200 mg/kg) -Decrease in coliform bacteria, yeast, and [153]
mold counts
Kishk Addition of Teucrium polium oils -Decrease in Escherichia coli [154]
-Decrease in pH
Domiati cheese Addition of Propolis, ginger and thyme oils  -Inhibition of molds, yeasts and Escherichia coli [155]
-Extension of the shelf life up to 2 months
Labneh Addition of thym;:)élgl ;;(;emu151on (0.1,02 -Increase in the shelf life up to 6 weeks [156]
- . -Increase in the shelf life up to 6 weeks
Addition of cinnamon, eucalyptus, and .
Labneh s -Labneh made with cinnamon and eucalyptus [157]
wheat germ essential oils (600 uL/kg)
were better accepted
Kishk Partial substltu’Flon (25 and 50%) of bulgur -Improvement of the amino acids profile [161]
with faba beans
Labneh Addition of sweet lupine powder (2%) -Improvement of .the nutrltl.onal and [162]
organoleptic properties
Domiati cheese Use of culture pa.steurlzed milk + 0.1% -Improvement of the organoleptic properties [163]
potassium sorbate and safety
Pasteurization (65 °C, 30 min), addition of
. calcium chloride (0.015%), and prepress -Improvement of the yield and overall quality
Halloumi cheese (20 min at 0.2 MPa and then press for 40 min of the cheese [164]
at 0.6 Mpa)
Halloumi cheese Use of magnetic field -Inhibition of j[he growth of spore-forming [165]
bacteria, yeasts, and molds
Kishk Gamma irradiation -Decrease of pathogens, total acidity, flavor, [166]
and taste
-Improvement of probiotic bacteria growth,
Labneh Irradiation of the milk before fermentation antioxidant, proteolytic activities, flavor, [36]
texture, and stability during storage
Halloumi cheese  Edible coating using mozzarella cheese whey  -Preservation of the cheese quality for 9 days [170]
Halloumi cheese Edible coating using chitosan with or -Increase in the shelf life by 5 days [171]

Ras cheese

Ras cheese

Domiati cheese

without lysozyme or natamycin
Edible coating using cellulose sheets fortified
with natamycin-loaded -Reduction of A. flavus and aflatoxin growth [174]
alginate nanoparticles

Edible coating using chitosan/polyvinyl “Inhibition of mold growth

alcohol/glycerol and fcltaruum dioxide -Reduction of weight losses during ripening [175]
nanoparticles
Modified atmosphere packaging -Improvement of the shelf life [80]

7. Future Trends of Traditional Fermented Dairy Products

Traditional dairy products are mainly homemade products; only few of them are
currently marketed worldwide. The renewed interest in traditional products might be due
to consumer demand for diversification. Therefore, there is room to develop new products
with improved flavor profiles while relying on traditional products. The use of indigenous
microflora and traditional know-how could offer a modern twist to make a new range
of products. The recovery, enhancement, and valorization of the microbial ecosystems
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of old dairy products at risk of extinction could support the diversification. This would
attract consumers looking for “authentic” products with a story that they can relate to.
Moreover, this could follow what is happening in the market of cereal products, including
the renewed interest in ancient grains and flatbreads.

For the wider commercialization of traditional dairy products, the use of innovative
technologies and formulations can help in overcoming safety and standardization issues. In
terms of safety, raw milk and traditional preparation methods lack quality control and thus
do not meet current safety regulations. Milk pasteurization can improve hygienic qualities,
yet it negatively impacted the natural microflora presented in raw milk. Still, there are
no commercial starters imitating those naturally occurring micro-organisms in traditional
fermented products. Given that health-conscious consumers keep looking for low-fat, low-
salt, and high-protein products, most of traditional products were preserved using salt and
oil drying. Taking advantage of modern technologies would support avoiding salting and
oiling. Innovative formulation also suggested new ingredients to reduce salt and fat and
increase the protein content to deliver improved nutritional quality while preserving the
authentic organoleptic features of traditional products. E-commerce currently contributes
into marketing several traditional fermented products, such as Halloumi, Nabulsi, and
Labneh, to reach a wider market. Adequate marketing strategies such as storytelling would
benefit the spread of Southern Mediterranean products around the world.

8. Conclusions

Traditional fermented products are heritage food with a long history of use. Passing
this know-how through generations contributed into the preservation of the organoleptic
quality and authenticity of fermented products. Thus, the protection of the gastronomic
heritage is deemed necessary. Product registration and certification could contribute
to setting strict criteria for the quality and the geographical origin of the product, its
production, and its formulation. This would protect and give more value to the traditional
fermented dairy products in the global market.
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Appendix A

Table Al. Fermented Dairy Products in Middle eastern countries.

Fermented Milks Cheese
Product Country Product Country
Ayran Turkey Akkawi Lebanon, Syria, Palestine, Jordan
Doogh Iran Aushari Iraq
Goubasha Sudan Baladi Egypt, Syria
Kishk Lebanon Chami Syria
Laban Zeer Egypt Charkassiyea Syria
Laban Kerbah Domiati Egypt
Laban Khad Lebanon Halloumi Lebanon, Syria, Palestine, Jordan
Labneh Lebanon Jibne Baida Egypt, Lebanon, Syria, Palestine, Jordan
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Table Al. Cont.

Fermented Milks Cheese
Product Country Product Country
Shanina (yogurt beverage) Jordan Jibneh Arabieh Egypt, Lebanon, Syria, Palestine, Jordan
Smoked Liban (Sheep) Iraq Jibneh mshallaleh Syria
Zabady Egypt Karish Egypt, Lebanon
Kenafa Palestine, Egypt
Majdoule (Majdouli) Lebanon, Syria
Mish Cheese Egypt
Nabulsi Cheese Lebanon, Syria, Palestine, Jordan
Shanklish (Siirke) Lebanon
Shelal Syria
Testouri Tunsia
Turkomani Syria
Tallaga cheese Egypt
Kashta (Clotted Cream) Egypt, Lebanon, Syria, Palestine, Jordan
Table A2. Fermented Dairy Products in African countries.
Types Products Country Description
Aguat Ethopia Fermented acidic whey
Fermented Milks Amabere amaruranu Southwestern Kenya Fermented Milk with grain-like appearance
amacunda Rwanda Buttermilk
Arera Ethopia Defatted sour milk or Buttermilk
biruni Sudan Aged fermented milk
Ergo Zimbabwe, Ethopia Natural fermented milk
Fene Mali Fermented camel, goat, or cow milk
Gariss Sudan Fermented camel milk
Gubasha Sudan Diluted rob
Ititu Ethopia Concentrated fermented milk,
kindirmu Cameroon Fermented cow milk with thick consistency
Ikivuguto Rwanada Fermented cow milk
Kule naoto Kenya Fermented milk from Zebu, cow or camel
kush-kush Sudan Fermented whey from Rob
Kwerionik Eastern Uganda Fermented milk
Leben/Lben Tunisia/Morocco Fermented cow milk
Mabisi Zambia Traditional fermented milk
Madila Botswana Fermented cow and goat milk flavored
with fruit juice
Mafi or Amasi Namibia, South Africa Traditional fermented milk
Masse Mozambique Unsweetened curdled milk
Maziwalala or MALA East Africa Traditional fermented milk
Mursik Kenya Traditional fermented milk
Nunu Nigeria, Ghana Fermented raw cow’s milk
Nyamie Ghana Naturally fermented milk
Omashikawa Namibia Naturally Fermented Zebu buttermilk
Pendidam Cameroon Semi-liquid fermented product from
cow’s milk
Rob Sudan Fermented cow milk
Sethemi South Africa Fermented cow milk
Sombana Burkina Faso Fermented cow milk
Suusac Kenya, Somalia, Fermented camel milk
Ethiopia, Sudan
urubu Bururndi Fermented cow milk
Pokot ash yogurt (also known Kenya Cattle breeds and zebu or goat

as mala ya kienyeji or
kamabele kambou)

fermented milk
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Table A2. Cont.

Types Products Country Description
Mutandabota Zimbabwe Mixed cow/goat milk with dry baobab
fruit pulp (acidic)
Amasi or mukaka wakakora South Africa, Fermented yogurt/cottage cheese
or zifa) Lesotho, Zimbabwe
Cheese Aoules Algeria Dry cheese from goat
Ayib Ethopia Cottage cheese
bouhezza Algeria Ripened cheese
gibna bayda and Sudan White cheese
gibna mudaffara
klila Algeria Traditional cheese
tchoukou Niger Ripened cheese from sheep, goat, and cow
Touaregh Mali Hard cheese from made from cow, goat
milk, or both
Wagasi or Wagashi or Amo or Benin, Ghana Soft cheese
Wara or Gasaru
Wara Nigeria, Togo Soft cheese
Wara-Kishi or warankasi or Nigeria, Benin, and Cheese
wagashi or waragashi northern Togo
or woagashi)
Other dairy products Kimuri Rwanda Butter
Nitir kibe Ethopia Ghee
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