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1. Introduction

Milk and dairy products are considered nowadays essential elements in each one’s life and an important need for
all humans in general. Before they are even capable of digestion, infant mammals use milk as a primary and
unique source of nutrition [1]. The nutritional value of milk is determined according to the balance of nutrients
that it contains. Regardless of their origin, fat, proteins and minerals are present in milk from any species, but
within different values [2]. Table 1 shows the milk composition variations according to species [3,4].

Milk can be directly consumed, or valorised, through different treatments, into milk by-products. Historically,
human civilization has always been searching for ways to store food for more scarce times. Henceforth,
technologies to preserve food have been adapted for many years. These technologies did not only induce changes
to the product’s shelf life, but also left it with a new set of physiochemical and sensorial attributes. There are
several principal categories of milk products such as liquid/beverage milk, cheese, milk powders, concentrated
milks, fermented milk products, butter, ice-cream, infant formula, creams, protein-rich products...
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Table 1: Chemical composition of milk in various species [3,4] .

Composition  Goat Sheep Cow Human Camel
Fat (%) | 3.8 7.9 3.6 4.0 2.9
Solids-non-fat (%6) 8.9 12.0 9.0 8.9 8.7
Lactose (%) 4.1 4.9 4.7 6.9 4.91
Protein (%) | 3.4 6.2 3.2 1.2 2.5
Ash (%) | 0.8 0.9 0.7 0.3 1.3
Moisture (%0) 79 68.1 78.8 78.6 79.8

Milk by-products are defined according to the process they have been subjected to. Milk can be altered by acids,
enzymes, temperature or microorganisms. When heated, the chemical constituents can undergo major changes
depending on the intensity and the time of treatment applied. Several alterations in heat treatment in terms of time,
temperature, pre- and post-treatments of milk, type of heat-exchanger used and others, will determine a unique
final product. Through a specific treatment, a unique product is made with specific sensorial, chemical and
physical properties [5].

Products obtained from heated milk remained widely accessible because heat treatment was mastered by all
cultures around the world. Importing a food product to a new geographical area required sometimes adaptations
depending on culture, climate and raw material availability. Lebanese Qishta ,Turkish Kaymar, Indian Khoa,
Serbian Kajmak and Iragi Geymer are examples of almost similar products present in different countries, probably
descending form one ancestral [5,6] and obtained mainly by heating milk. Indian Khoa and Lebanese Qishta are
subjected to almost the same heat treatment technique. Traditionally, these products are slightly different because
of their making process techniques. During Khoa preparation, milk is stirred vigorously, while in Qishta
production milk is not stirred leading to a much more soft and creamy texture; not forgetting the characteristic
skin development (solids clotting on the liquid surface) rather than a complete transformation of the entire product
[7-9]. Therefore, both humidity and solid dry matter of these two products are different. The concept of Kajmak
preparation is different from those of Qishta and Khoa, however its texture can be similar to theirs. In certain
areas, traditional products still have a major indigenous production, while in other places, industrial production is
on the rise to take over the market [11]. In this paper, the characteristics of production and final composition of
some of these traditional products will be investigated and compared.

This review aims to describe the process and the chemical composition of three partially dehydrated dairy
products, all of which relying on heat treatment as the main and only tool during their processing. First of all, the
making process of each of these popular traditional dairy products will be described. Then, an investigation on
the effect of heat treatment on milk components will be done. Finally, those products will be compared in terms
of parameters, composition and sensory aspects.

2. Industrial versus indigenous technology

During the last century, science invaded the dairy industry and succeeded, to a certain level, in clarifying and
explaining the craft traditions of the past. The combination of old practices with technical innovations made the
development of traditional products (such as cheeses and yogurts) possible. Innovative technology has created
new products, such as spray dried milk products, milk protein concentrates and whey protein concentrates, that
meet the needs of today's society and has increased the shelf life of certain dairy products to an unexpected level
(such as spray dried milk products). Cow's milk has a primary role in the dairy industry today despite the growing
trend towards buffalo, goat and sheep milk [11,12].
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Since these traditional products have deep historical origins, they became part of culture; thus, they turned out to
be an essential part of our everyday cuisine and a staple of most special occasions. As a result of welfare and
increased population in many places worldwide, these products are now in greater demand than ever. Local
manufacturers seek new and improved means of production and some have even taken the step to go from the
indigenous and traditional artisanal production to an engineering project of complex science. While in some areas
it started decades ago, this process still has barely begun in others.

2.1.Indian Khoa

Considering the manufacture of milk for all mammal species, India is at the top of rankings, consolidated by its
buffalo milk producers. With respect to cows’ milk alone, India is the second largest producer, after the USA,
with 133.6 million tons between 2017 and 2018 [14]. Nine million tons of total milk produced in India are used
in the production of Khoa; a traditional heat-dried Indian dairy product prepared by thermal concentration of milk
in an open shallow pan with continuous stirring and scraping [9]. The majority of production is still artisanal in
India, however substantial efforts were made to scientifically study the products and technologically enhance their
production. Most of the Khoa produced in India belong to some small private merchants, whom have inherited
this craft from ancestors and transmitted their traditional utensils of former times. Due to the small production
scale (4-5 Liters of milk per batch) and the increasing demand on this type of product, different processes have
been developed in order to improve the yield of Khoa’s production [15]. In 1968, the first equipment to produce
Khoa continuously with a capacity of 50 liters per hour has been created. The process included a steam jacketed
cylinder fixed with rotational scrappers pursued by final concentration in an open flowing steam jacketed pan
with mechanical scrapping agitators. Afterward, the process of Khoa making was optimized with many changes
[16]. In 1968, Kumar et al.,[17] have created a machine in order to produce Khoa under rural conditions. In fact,
the open shallow pan was semi jacketed and equipped with a mobile scraper in order to harvest the product during
the heat treatment of milk [18]. National Dairy Development Board, Anand, India developed an Inclined Scraped
Surface Heat Exchanger (ISSHE) for continuous khoa-making [17]. Currently, after 70 years of research and
development, 70% of the volume is still produced by small, local producers and mostly with elementary
technology.

2.2. Lebanese Qishta

In Lebanon, the situation is practically different. The lack of structured farms and the inconsistency in milk
composition lead the producers of Qishta to use milk powder [19]. The historical origin of Qishta is not well
known. In the Middle East different spellings are used for the Qishta such as Kishta, Kashta or Ghishta, in the
present work the spelling Qishta will be used according to Kassaify et al., [8]. Today, Qishta is prepared from
powdered or pasteurized liquid milk in either small dairy plants or in large-scale open shallow pan in order to be
freshly consumed as a dessert. However, it will often be use in further reprocessing in order to produce typical
oriental sweets. Milk is heated on one side in a large open shallow pan. Several minutes later and depending on
the intensity of the flame, the phenomena of protein and fat denaturation will occur as the milk starts boiling,
leading to the formation of a coagulum, called Qishta, at the surface. The boiling intensity pushes the Qishta
formed to the opposite side of the pan. There has been no initiative to start the research and development of Qishta
production up until the recent few years, except the work done by Kassaify et al., [8] on the chemical and
microbiological characteristic. So far, the industry is practicing what can be classified as an artisanal approach of
production (even though it is at factory scale), but a growing initiative to begin this process is now found. It is of
huge interest to increase the volume and quality of Qishta production, mainly because of the increase demand of
Qishta inside and outside Lebanon. The strategy they implemented so far was initially to contact the scientific
community. From there on, they have to allow researchers to start bigger projects concerning shelf life,
compositional determination of products and by-products, physicochemical mechanisms, as well as the industrial
and standardized processing. This last part is an ultimate goal since recreating the same valued product, in all its
features, but with an efficient industrial process instead of the kitchen-approach, is the crux of it all.

The success has been valuable so far, but there is a long way to go. Seeing how the Indians have worked for 70
years, it is observable that many years of strong effort and resources must be invested in order to reach even partial
industrialization, but the situation might turn out completely different as a result of today’s information
availability.
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2.3.Serbian Kajmak

In Serbia, the dairy sector depends on cow’s milk processing. Milk production is stabilized at around 1.6 million
tons liters per year. One half of the total quantity is purchased and processed in dairies while the other half is spent
and/or processed in rural farms for cheese and cream and sold in markets [20]. According to the total cow’s milk
production and to the FAOSTAT data in 2008, Serbia took the 48th position worldwide [21]. Some of the cheeses
which consist of 20% of the marketplace and regularly sold in green markets are: the special types of locally
produced cheeses such as fresh or short shelf life cheese with geographic recognition and special cheeses like
kajmak and sour cream [22]. The process of Kajmak formation is based on the top layer’s surface activity of
boiled milk. Hot milk is poured into the open shallow vessels where a sort of primary skin is formed on the top of
the milk due to the evaporation and surface activity. The kajmak created is collected, salted and placed layer by
layer in suitable vessels where maturation takes place [10]. What motivated various investigators to search out for
a suitable solution to industrialize kajmak production and improve its market position was the regional superiority
of kajmak and its delicious organoleptic qualities. In order to induce a product with standard characteristics, the
industrial production of kajmak needs to be standardized. It is important to have better information of processes
concerning production and maturation stages of kajmak. It is also important to gain information regarding Kajmak
composition and characteristics [6]. Polimark company has lately developed a new process for the production of
kajmak that shows a promising solution. This process covers all steps comprised in traditional kajmak production.
However, they are accomplished by strategies considered acceptable for industrial implementation, in such way
that they eliminate safety risks and enable standardization of production [6]. Their process incorporates manifestly
two significant steps: cold agglutination and hot incubation, that yield to the creation of both upper and lower
kajmak layers. The situation in Serbia is to some extent in between India and Lebanon. There was a detailed
research over virtually 20 years, and a summary of most of the work has been done.

3. Constituents of milk
3.1.Water

Water is the principal component of most dairy products. It varies from 2.5 to 94% (w/w) according to the product.
In addition to pH and temperature, water plays a key role in food technology since it can impact directly the
texture of the products and therefore their utilization. It is considered an essential diluent in foodstuffs, since it
can modify the chemical, physical and microbiological aspects of the final product [23].

3.2.Proteins

Milk and most of dairy product properties are influenced by their proteins content more than any other constituent.
According to their properties, proteins are considered nowadays as one of the best characterized food systems.
Research on milk proteins started since the early nineteenth century. Innovative work was accounted first by
Schubler on the milk proteins and by Braconnot who was in charge of the appropriation of the word 'casein’ in
1830. Bovine milk contains generally 2.5 to 3.5% of proteins. This amount depends on the breed, the individual
variation of the animal, and to a lesser extent, on the stage of lactation, the nutritional status and the health of the
animal [23,24]. Milk is considered as a good source of essential amino acids. In addition, it contains a wide array
of proteins with biological activities, ranging from antimicrobial ones to those facilitating absorption of nutrients,
as well as those acting as growth factors, hormones, enzymes, antibodies and immune stimulants [25,26].

Milk proteins are made out of whey proteins (20%) and caseins (80%). Caseins are recognized to convey
phosphate and calcium, having numerous bioactive functions and contributing to proficient digestion [25]. Whey
proteins have an assortment of dietetic and biological properties and consequently are extensively utilized in
decreasing the possibility of diseases such as inflammation [27-28], cancer [29], human immune efficiency virus
infection [30] and chronic stress-induced disease [31].

3.2.1. Casein

Caseins are defined as the milk fraction that precipitate by acidification to pH 4.6 at 20°C. Casein consists of four
families: aS1-casein (asi-cn), aS2-casein (as2-ch), B-casein (B-cn) and k-casein (k-cn) representing 40%, 10%,
38%, 12%, of the total casein, respectively [32]. Caseins are characterized by different numbers of phosphorylated
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serine residues, which give them different properties [33]. asi-cn and B-cn do not contain any disulphide bonds
however, as; and k-casein own two. Due to their opened structure, caseins have a high surface hydrophobicity.
This results in a fragile secondary structure and irregular coiling of the primary chain. Caseins are heat resistant
due to their weak secondary and tertiary structures. This open structure similarly makes caseins sensitive against
proteolysis within different enzymes, particularly pepsin [34].

The phosphate groups are situated in clusters bound to serine residues. Because of their negative charges, the
phosphate groups have the capacity to bind ions, particularly Ca?'. This ions binding is important in the
transportation of phosphate and calcium to the neonate. Caseins are delicate to the variation in the calcium level
of milk, and their precipitation can be induced when the calcium level is increased. The most sensitive type of
calcium casein is the as2-cn, however k-casein got the least amount of phosphate groups and is not influenced by
the calcium concentration present in milk [35].

In order to stabilize their structure, caseins tend to connect to each other’s, through hydrogen bonds, to form casein
micelles with an average diameter of 200 nm. Almost 95% of the casein are consequently bounded in casein
micelles. These micelles consist of 94% proteins, while the rest of the 6% are denoted as colloidal calcium
phosphate that comprises phosphate, calcium, little amounts of magnesium, citrate and other components [36].
Different models have been established in order to clarify the structure of casein micelle, such as the nanocluster
model displayed by Holt and Horne [37] and the sub-micelle displayed by Walstra [38]. Until this moment, none
of the models are totally checked. It is then known that the core of the casein micelle is the location of the most
hydrophobic and calcium sensitive caseins, a-cn and -cn, while the surface with its polar C-terminal outside the
micelle core is the location of the most hydrophilic and calcium insensitive k-ch which makes the casein soluble.

3.2.2. Whey Protein

Whey proteins or serum proteins constitute around 20% of the overall proteins of bovine milk. Whey or milk
serum, defined as the remaining soluble fraction after casein precipitation at pH 4.6, comprises four main protein
categories, namely B-lactoglobulin (B-Lg), bovine serum albumin (BSA), a-lactalbumin (a-La), and
immunoglobulins [39]. whey proteins in general and a-La in particular, have high nutritional value, which leads
to the fact that whey proteins derivatives are widely used in food industries. In bovine milk, almost 50% and 12%
of whey proteins are represented by B-Lg and a-La respectively. Whey proteins are highly structured proteins
with stable secondary and tertiary structures. Hydrophobic interactions, disulphide bonds, ion-pair interactions
hydrogen bonding, and van der Waal’s interactions are the major forces responsible for sustaining their globular
structure [40]. Whey proteins are highly soluble in milk over a wide range of pH due to their native composition
and to the huge amount of hydrophilic buildups on the surface of the globular structure and the high quantity of
disulphide bonds [41]. The proteins are then resistant to proteolysis due to their globular structure.

3.3.Fat

Milk is an emulsion where fat, which represents around 3 to 5%, is presented as small globules or droplets
dispersed in the aqueous phase of the milk [42]. Their diameters vary from 0.1 to 20 um. The stability of this
emulsion is assured by a thin membrane called milk fat globule membrane (MFGM), which has an important role
controlling the communication between the fat globule and the surrounding milk [43]. Triglycerides are the
principal components of the milk fat. Moreover, we can find di- and monoglycerides, fatty acids, sterols,
carotenoids, which give the yellow colour to the milk, in addition to the vitamins (A, D, E, and K), and all the
other trace elements [44]. Milk fat globule membrane is composed of phospholipids, lipoproteins, cerebrosides,
proteins, nucleic acids, enzymes, trace elements (metals) and bound water. The structure of this membrane is not
fixed; however, it is dynamic due to the continuous exchange with the surrounding media; therefore, the thickness
of this membrane varies from 5 till 10 nm. Due to their size and their low density, fat globule will migrate to the
surface after a certain time if milk was left without any intervention [45]. Pasteurization has a slight effect on lipid
composition and content. On the other hand, homogenization is a process that increases the number of lipid
globules at least 100-fold and the surface area about 6 to 10 times, diminishes their diameter from around 3 to 0.8
pm and modifies the globule membrane composition and structure. The globule surface is mostly but not totally
recoated with caseins.

Najib et al., J. Mater. Environ. Sci., 2020, 11(2), pp. 294-309 298



3.4.Minerals

Table 2 shows the concentration range (expressed in mass and molar concentrations) of different minerals in cow
milk. This composition is considered as generally steady yet slight deviations can be observed at different times.
Thus, milk could be considered rich in proteins, containing high content of phosphate and calcium. Minerals
concentration varies according to the lactation time period. The most significant variations in the composition
occur at around parturition; in this manner the concentration of the calcium in colostrum is much higher than that
of normal milk and close to the end of lactation [46].

Table 2: Mineral composition of cow milk [45].

Mineral Concentration (mg.kg?) Concentration (mmol.kg™)
Calcium 1043-1283 26-32
Magnesium 97-146 4-6
Inorganic phosphate 1805-2185 19-23
Total phosphorus 930-992 30-32
Citrate 1323-2079 7-11
Sodium 391-644 17-28
Potassium 1212-1681 31-43
Chloride 772-1207 22-43
3.4.1. Calcium

Milk is a major source of calcium for human consumption. The colloidal phase contains 66% of the total calcium
present as calcium phosphate while, the remaining calcium is present in the soluble phase [46]. lonic calcium
represents around 10% of total calcium [47]. At pH 5.2, inorganic calcium phosphate is completely destroyed,
therefore all inorganic phosphate will be solubilized. The complete solubilization of calcium occurs at pH 3.5. A
significant role on the kinetics of protein denaturation was shown when the amount of calcium increased. In fact,
the unfolding and aggregation stages of pB-lactoglobulin and a-La were affected with the increase in
Ca®"concentration [48]. When there is an excess of calcium ions, the protein denaturation occurs at lower
temperature than in standard case. Before heat treatment, the addition of CaCl, to skim milk provided a noticeable
rise in the rates of whey proteins denaturation, apart from the immunoglobulins [49]. In order to understand the
influence of increasing Ca?* concentration on denaturation of whey proteins in milk, studies have been carried
out. In 1984, Bernal and Jelen [50] demonstrated that when calcium ions are bounded to a-La, heat stability of
this last is increased by promoting renaturation on cooling. Nevertheless, Li et al., [51] showed that Ca®* stabilized
the unfolded development of lactoglobulin and, consequently, advanced its denaturation.

3.5.Lactose

Lactose belongs to the group of organic chemical compounds called carbohydrates. Lactose is a disaccharide of
glucose and galactose, and can be found only in milk [52]. Its hydrolysis occurs in the intestinal mucosal cells. In
milk, lactose content varies from 4.5 to 5.5% [53]. Lactose is water soluble and has a low sweetness capacity
evaluated as 16 comparing to that of sucrose estimated as 100 [52]. It plays a key role in fermentation process by
impacting the amount of lactic acid produced during milk products fermentation. Human lactose intolerance arises
from their incapacity to hydrolyse lactose due to the absence of lactase. This enzyme deficit is common in eastern
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Asia and African countries [54]. Lactose is the principal component of milk powder. It creates an impact matrix
for the dispersion of fat and proteins. Lactose has a primordial role, with the participation of proteins, in emulsion
stability. Maillard reaction, discussed here after, which involves the g-amino group of lysine and the carbonyl
function of a reducing sugar (lactose) is the main reason along with fat oxidation behind the flavour, solubility
and colour alteration during the storage of milk [55].

4. Heat treatment of milk

Milk stability is assured by the physiochemical properties of its components and by the equilibria resulted from
the interactions between salts, proteins and fat. These equilibria are highly temperature-dependent. In the
following chapter, the effect of heat treatment on pH, mineral balance, protein denaturation and the interactions
between proteins and fat are studied.

4.1.Heat-induced changes in milk pH and mineral balance in milk

Ma and Barbano [56] demonstrated that upon heating milk at temperatures up to 80°C, the pH decreases from 6.8
to 6.2. In 1981, Fox [57] noted that milk may be heated for more than 3 hours at 140°C without any coagulation
if the pH was adjusted continuously. According to Van Boekel [55], heat-induced acidification of milk is due to:
1) formation of organic acids and mostly formic acid, 2) insolubility of tertiary calcium phosphate and 3) casein’s
dephosphorylation. The continuous decrease in milk pH is due to the formation of organic acids, arising from the
lactose degradation. Berg and Van-Boekel [58] noted that the formation of formic acids occurs through two ways.
Lactose degradation is responsible of 80% and the rest is obtained as a result of Maillard reaction upon heating
the milk at 110-150°C. The isomerization/degradation path is defined by the transformation of lactose to lactulose
via the Lobry de Bruin-Alberda van Eckenstein transformation, then into galactose and other C5 and C6
compounds. The other 20% of formic acids are obtained upon the degradation of lactulosyllysine; an Amadori
product obtained through the interactions of lactose with g-amino group of lysine. Concerning the heat-induced
dephosphorylation of casein, we distinguished two cases: the heat induced dephosphorylation of sodium caseinate
and calcium caseinate. Belec and Jenness [59] have demonstrated that 50% of the sodium caseinate
dephosphorylation occurs within the first hour of heating at 120°C, however less than 80% of dephosphorylation
occurs after 5h at 120°C.

4.2 Heat-induced dissociation of caseins

Kk-casein has a primary role in maintaining the integrity of casein micelle. In addition to other factors, its
dissociation contributes to the heat induced coagulation of milk. Singh and Fox [59-63] have demonstrated its
role during the heat stability phenomenon. In fact, the dissociation of k-casein from micelle leaves this latter in a
depleted way, more sensitive to calcium binding and therefore to coagulate. In addition to the temperature,
different factors have a big impact on the dissociation of k-casein such as the amount of whey proteins, the
minerals and the solid contents of milk. Concerning whey proteins, we distinguish two scenarios according to the
pH. Below 6.7, the addition of B-Lg decreases the extent of heat-induced dissociation of k-casein, while inversely
at pH> 6.7, the heat-induced dissociation increases [64].

4.3.Heat-induced denaturation of whey proteins and casein- whey protein interactions

Due to their globular structure, whey proteins are thermolabile. While heating milk above 60°C, serum proteins
unfold then denature (Figure 1).

Denaturation of the major whey protein B-Lg involves two different phases. The first phase exposes the
hydrophobic residues and disulphide bonds due to the unfolding of the native globular structure. At this moment,
in case the heat treatment is interrupted or limited, the unfolded whey protein will refold. At high temperature,
the unfolded whey protein can interact with other molecules such as caseins mostly via covalent and disulphide
bonds and therefore it will lead to the formation of aggregates [39,65]. When heating milk at a temperature
between 60 and 70°C, tertiary structure of the B-Lg will unfold, creating a sensitive monomer with free thiol group
(Cysteine 121) and hydrophobic parts of the residues chain [66]. These monomers are able to interact with other
monomers but also with caseins; therefore, forming protein aggregates [67].

Najib et al., J. Mater. Environ. Sci., 2020, 11(2), pp. 294-309 300



"

Native whey protein Denaturation Aggregation Gelation

@ A, e
@ RS

Figure 1: Stages of whey protein denaturation [66].

Temperature Time Structure/Reaction Result
20°C - B-Lg (at pH<3.5 or pH>7.5 Native
molecule

B-Lg (at 5.5<pH<7.5) or
B-Lg (at 3.5<pH<5.5)

~40°C - l Dissociation/ Formation
B-Lg of monomers
~ 40-55°C 5-10 min B-Lg Partial unfolding
-SH
l P-Lgssp-lg Formation of
~60-85°C >15 min B-Lg o-La/B-Lg B-Lg/k-cn complexes with other
a-La/B-Lg proteins and/or
~125°C 5-10 min B-Lg B-Lgs-s/ B-Lgsn Complete unfolding

Figure 2 : Effect of temperature on the interactions between B-lactoglobulin and other proteins. Mechanism of thermal
denaturation of B-lactoglobulin in a neutral or slightly alkaline pH including the possible complexes with other milk proteins
[66,67].

According to their structure and the strength of their intramolecular bonds, whey proteins do not have the same
resistance to temperature. a-La is the least thermo-resistant, followed by B-Lg, BSA and immunoglobulin [68,69].
Depending on the temperature intensity, different aggregates can be formed during heat treatment of milk (Figure
2). These aggregates can be the results of complexes formed between denatured whey proteins or between caseins
and whey proteins. Interactions occur between B-Lg and k-casein if the temperature is above 70°C through the
disulphide bonds. Below this temperature, interactions occur through hydrophobic links [68-70]. The position of
K-cn has a primordial role in the complex formation with the whey proteins. In fact, placed on the surface of casein
micelles, it is easier for k-casein to interact with the B-Lg then when it is dissolved in serum where the compact
structure can reduce the association ability between casein and whey protein [71,72]. Heat treatment process has
also an important role on promoting the interactions between proteins and hence the formation of complexes. In
reality, a process which requires a slow heating rates or low temperature kinetics, fosters the interactions between
B-Lg and the casein micelles. However, heating at high temperatures drives the B-Lg to refold in a non-native
structure and therefore it forms aggregates with other whey proteins instead of being associated with «-casein. In
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this case, the formation of complexes between B-Lg and a-La is promoting. Actually, a-La requires a continuous
heating at high temperatures and it does not interact directly with the casein micelles [72-74].

4.4.Heat-induced protein- fat interactions and emulsion instability

Dickinson and Parkinson [75] defined emulsion stability as its resistance to change over time. In milk emulsions,
the composition and the concentration of proteins present in the continuous phase has a primordial role on
protein’s absorption at the fat membrane. In fact, during heat treatment of whole milk, caseins and whey proteins
are opponents, in terms of which is going to be absorbed first at fat droplet surface [75,76]. Whey proteins are
highly sensitive to heat treatment and are responsible of the emulsion instability during the technological process.
As discussed before, heating milk between 60 and 70°C changes the properties of whey proteins therefore they
aggregate. The preference between whey protein and casein adsorption on fat membrane will be decided according
to protein concentration. At low protein concentration, whey proteins adsorb in preference to caseins at the oil
droplet surface due to their limited spreading at interface. However, at high protein concentration i.e. above 3
wt%, the caseins adsorb in preference to the whey proteins [75-78]. As individual molecules or as small
aggregates, caseins have been used as emulsion stabilizing owing that to their flexibility and their high surface
activity.

Once aggregated, caseins form loops and tails extending during the continuous phase. According to Hunt and
Dalgleish [76], the formation of these tails leads to the formation of a secondary protein layer. However, Ye [79]
indicated that increasing the ratio whey/casein resulted in the formation of a secondary layer at the fat droplet
interface. Till today, the effect of heat treatment on the interaction between proteins and fat droplet and on the
competition between whey proteins and caseins has not been well studied due to the complexity of the milk matrix.
At low protein concentration (below 3 wt%), a heat-induced flocculation of the oil droplets took place [75,80].
An intense heat treatment lead to the formation of a new interfacial layer thicker than a monolayer, [81,82]
indicating that the non-adsorbed proteins fraction are primordial and play a key role in the fat droplet’s
flocculation mechanism. In fact, removing this fraction from the emulsion decreases extremely the aggregation of
the fat droplets. On the other hand, increasing the whey proteins concentration enhances the coalescence of the
fat droplets and the emulsion viscosity until the critical concentration of gelation was reached. This later was
estimated at around 3 wt% of non-adsorbed whey proteins [81]. Above 3% the heat-denatured whey proteins non-
adsorbed will connect the different fat droplets in a continuous network. Euston et al., [82] compared the whey
proteins to a glue that connects the fat droplets in the continuous phase. However, below the critical concentration,
whey proteins are not able to play the glue role and therefore the gelation will not occur.

5. Qishta, Khoa and Kajmak: overview, process and final product composition
5.1. Qishta

Qishta is a traditional Lebanese dairy product, made through subjecting a small area of a large shallow stainless-
steel pan, filled with whole milk, to high heat via flame (figure 3) according to “Hallab 1881 company process.
It is a mixture of a thin skin layer formed on the surface of milk and of a coagulum formed in the heated zone of
the pan. Milk fat aggregates contribute to give Qishta some characteristics of butter.

Qishta is related to cheese family (figure 4 a-b), especially to cream cheese varieties due to the presence of milk
proteins as well as their particular coagulation process during Qishta development. This product is identified
somehow between cheese and cream. However, according to its composition, Qishta can be looked at as similar
to Ricotta cheese with almost an equal amount of fat and protein of around 12% (Table 3). The final product has
a sharp and white colour.

It is creamy, bulky with a smooth texture, and a sweet taste. Qishta can be consumed as it is or after further
processing. It can be used as filler in different Lebanese desserts such as Knefe, Halewe, Mafrouke and many
more. It has a shelf life of 4 hours at ambient temperature, and up to 4 days at 2-5°C. The pH of Qishta (6.5) is
high comparing to other dairy products such as whipped creams, clotted creams and yoghurts. Such findings
explain the short shelf-life of the product. Furthermore, combination of high moisture content with pH is a major
factor in making the product susceptible to high microbial contamination and growth.
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Figure 3: Major steps of Qishta's process according to the process used by “Hallab 1881 company Lebanon.

Figure 4: Qishta during draining step (a). Visualization of proteins (green) and fat (red) in Qishta (b) using confocal scanning
laser microscopy. Nile red and fast green were used In order to stain fat globules and proteins.

5.2.Kajmak

Kajmak is a heat concentrated dairy product produced in regions of the Balkans, Turkey, Iran, Afghanistan and
India [6]. In Serbia, the traditional process of Kajmak dominates almost all the production [10]. Regarding of its
physio-chemical characteristics, Kajmak can be placed between cheese and butter [11]. The process of kajmak
consists of pouring milk into an open shallow vessel where, due to both surface activity and evaporation, a skin
is formed on the top of the milk (figure 5).
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Table 3: The average composition (%) of butter, Qishta, cream cheese, kajmak and Ricotta cheese [5].

PARAMETER BUTTER QISHTA CREAM CHEESE KAIMAK RICOTTA CHEESE
Fresh Ripenned
MOISTURE 16 68 53-60 30-40 53-60 745
FAT 85 12 30-34 40-55 30-34 9

FAT IN DM >08 375 70 65-80 70 35.29
PROTEIN 0.5 12 7-10 5-10 7-17 10.9

PROTEIN IN DM 0.6 375 20 7-17 20 42.7
ASH 0-1 1.6 0.5-0.8 0.5-2 0.5-0.8 0.6-4.5

Raw milk
v
Boiling of milk

This process can be affected by different factors such as: initial milk temperature, milk composition, temperature
difference between milk and air, temperature and humidity of the surrounding air and the type of raw milk used.

Figure 5: The procedure of traditional Kajmak production [5].
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In fact, even though cow milk is mostly used in the Kajmak’s production, some regions in Serbia like Bosnia and
Montenegro are now replacing cow milk by ewe milk, or mixing the two types together. A gradual procedure of
milk cooling occurs directly after initial skin formation and lasts for around 24 hours. Throughout the milk cooling
procedure, fat globules arise from the most profound milk layers and join the recently formed initial skin. This
action results in the development of a thin, yet smaller layer known as Kajmak. Kajmak formed on the top of milk
is collected and salted then placed layer by layer in suitable vessels where maturation takes place. Kajmak's
maturation occurs at 15 — 18°C, over 15 — 20 days. Matured kajmak, stored in cold conditions, below 8°C may
last from 3 to 6 months, and sometimes even up to one year [11]. The yield of traditional kajmak production
ranges from 4 to 5%. The residual milk that remains after Kajmak’s collection is incompletely skimmed and has
an average fat level of around 1.4 — 1.7%. This last is used in the production of some Serbian cheese [11]. The
main components of Kajmak is milk’s fat which constitutes around 45% of the fresh product and 60% of the
ripened one. Protein part is less present with an average of 5 to 10% in the fresh product and 2 to 7% in the ripened
one. According to Radovanovic et al., [10], the amounts of fat and protein are larger in the top layer than in the
others. The difference between dry matter and protein contents matches with their textural appearances.
Practically, lower layer is very viscous liquid similar to cream, with higher water content and much less proteins
than the top layer which is similar to a crust. This considerable difference in protein content, as well as in overall
appearance, results in the identification of different formation mechanisms of these two layers.

The colour of kajmak is mostly affected by the maturation period, amount of milk fat and milk type. During
ripening period, the colour of Kajmak changes from white to yellow. The whiter colour of Kajmak in some regions
is due to the usage of the ewe’s milk in Kajmak preparation [11].

5.3.Khoa

Khoa or Mawa is a traditional Indian dairy product, generally utilized as a precursor for more complex desserts,
yet it can be consumed alone. It is obtained by indirectly heating milk present in a stainless-steel pan. Milk is
continuously stirred either mechanically or by hand, in order not to be burn. Water will then easily evaporate,
leaving a semi-solid product having low moisture content of almost 30% in comparison to raw milk 90% [17].
Khoa is a traditional dehydrated dairy product prepared by thermal concentration of milk in an open shallow pan
with continuous stirring and scraping [9]. The whole milk is heated and boiled in a stainless steel or an open pan
and stirred continuously in order to avoid scorching. Due to the intense evaporation that occurs during the process
of Khoa making, the thickness of milk increases as well as the concentration of the total solid’s particles.
Coagulation occurs when the concentration of milk reaches 2.5 and 2.8 times the initial milk’s concentration in
cow and buffalo milk respectively [15]. The Chemical composition varies considerably, with a moisture
percentage ranging from 19.26 to 28.41. Khoa contained on average 27% fat, 19% protein, 25% lactose and no
sucrose [83-84]. The type of milk used during the manufacturing of Khoa has a big impact on the final
composition. It was reported that Khoa produced with cow milk appears more yellow that when produced with
buffalo milk [15]. One kg of Khoa is produced within almost two hours by the traditional production, using 4 or
5 liters of buffalo milk. Recently, new developed techniques have expanded the yield to almost 1 kg/15
min/machine. The yield of Khoa is affected by several factors such as, quality of milk used, intensity and time of
heating, processing, handling and lastly the moisture of the final product, which is considered as the main factor
impacting the yield. Gupta and Gupta [85] showed that buffalo milk Khoa has more yield and better texture than
cow milk Khoa. Depending on the texture, composition and quality, three categories of Khoa exist, named Pindi,
Dhap and Danedar. Khoa can be further processed into large variety of indigenous sweets such as Burfi, Pera,
Gulab jamun etc. It can also be used as filling in many food items. Among cheese and butter products, Khoa is
the most dairy expended product in India [86]. Khoa is a perishable food having a short shelf life of 3 days at
room temperature and 2 weeks under refrigerated conditions [15]. Shelf life of Khoa has been accounted for
exceptional changes due to the huge change in milk quality, climate, hygiene practice and accessible cooling
technology between the producers; however, it is still prone for microbial contamination. In fact, Staphylococcus
aureus and Bacillus cereus are the most contributable contaminating microorganisms in Khoa, contributing to a
lot of food-borne diseases. Narang et al., [87] showed that 48 hours after its production, Khoa started to have a
rancid flavour which deteriorates the sensory quality of this product. It has been subjected to an intensive work in
order to increase its shelf life. Jha and Verma [88] showed that the addition of potassium sorbate increases the
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shelf life for more than 40 days. Rao and Singh [89] showed that the combination of potassium sorbate addition
and the nitrogen injection can increase the shelf life up to 18 days at 5°C.

Conclusion

Qishta, Khoa, and Kajmak represent a family of dairy products which relies on heat treatment of milk during their
processes. Despite the deep investigations held on milk, these products still need a lot of research in order to
understand the mechanism of their formation. These three products share almost the same process steps, with a
slight difference applied in each country. However, their composition is widely different due to raw material used
that differs from a region to another. In India, in spite of the efforts done on understanding and industrializing the
products, almost all of the quantity is produced following the traditional method. In Serbia and Lebanon, more
research has to be accomplished in order to understand the mechanisms involved in the Qishta and Kajmak
formation before trying to industrialize products. However, the essential question which should be asked is the
following: does the use of machines allows to conserve the traditional aspects of these kind of products?
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