THE EFFECT OF SODIUM CHLORIDE
SUBSTITUTION WITH POSTASSIUM CHLORIDE
ON CHEMICAL, PHYSICAL AND
MICROBIOLOGICAL CHARACTERISTICS OF
MEDITERRANEAN CHEESES

A thesis submitted for the degree of Doctor of Philosophy
by

Mutamed M. Ayyash
B.Eng. Agriculture Engineer, M.Sc. Food Science

College of Health and Biomedicines
Victoria University
Victoria, Australia
June, 2013

It is my honour to dedicate this thesis to my
beloved injured Palestine who is still
bleeding under occupation

I.

Abstract

The overall objective of this study was to investigate the influence of salt
substitution with KCl on chemical, physical, microbiological and sensory properties of
selected Mediterranean cheeses. Salt was substituted with KCl at four different levels
(only NaCl, 3NaCl:1KCl, 1NaCl:1KCl, and 1NaCl:3KCl). Halloumi, Akawi and
Nabulsi cheeses were prepared and brined in the four different salt treatments for 56
days at 4°C, 30 days at 4°C, and 5 months at room temperature, respectively. Lowmoisture Mozzarella cheese was also produced and dry-salted and stretched in the four
salt treatments and stored for 27 days at 4°C. Chemical, physical, microbiological and
sensory characteristics were examined for all cheeses during storage. Cheeses salted
with NaCl/KCl mixtures had similar chemical composition, texture profile, organic
acids profile, and microstructure compared with control (made only with NaCl) at the
same storage period. Organic acids significantly increased and hardness decreased
significantly during storage time at the same salting treatment. The primary proteolysis
(measured as water soluble nitrogen: WSN) was insignificantly affected by salt
substitution, while the advanced proteolysis (measured as trichloroacetic acid-soluble
nitrogen (TCA-SN), and phosphotungistic acid-soluble nitrogen (PTA-SN), and total
free amino acids (TFAA) were significantly affected. All proteolysis parameters (WSN,
TCA-SN, PTA-SN, and TFAA) increased significantly during storage time. Cheeses
salted with NaCl/KCl mixtures at 3:1 and 1:1 ratios were the most similar to control
cheese in term of sensory properties.
This study also examined the effect of salt substitution with KCl on the
proteolytic activities of starter and probiotic bacterial enzymes in artificial media. MRS
broths were separately mixed with four salt treatments (NaCl only, 1NaCl:1KCl,
1NaCl:3KCl, and KCl only) at 2 different concentrations (5% and 10%) followed by
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inoculation with four bacteria (L. bulgaricus, S. thermophiles, L. acidophilus and L.
casei) individually and then incubated at 37°C for 22 h. The cell-free extract (CFE) and
the cell-free supernatants (CFS) were prepared and used as source of intercellular and
extracellular proteinases, respectively. The CFE and CFS were incubated with 3 milk
caseins ( -, -, -casein) and subjected to angiotensin-converting-enzyme inhibitory
(ACE-inhibitory) activity and proteolytic activity. Significant differences were observed
in ACE-inhibitory and proteolytic activities between salt treatments of cell-free extract
and cell-free supernatant of all bacteria at the same salt concentration and same pH
level. The proteolytic activity of CFS (measured as azocasein) was significantly higher
than that of CFE. Similarly, the proteolytic activities measured as OPA after incubation
of CFS with milk caseins were significantly higher compared with CFE. The ACEinhibitory activities of milk caseins incubated with CFS were significantly lower than
CFE.
This study showed that KCl can be used successfully to partially substitute NaCl
during cheese production and ripening. Chemical composition (moisture, protein, fat,
ash, and pH), texture profile (hardness, adhesiveness, cohesiveness, and gumminess),
microstructure and sensory properties of partially substituted cheeses were similar
compared with the control. This study demonstrated that the diffusion of KCl molecules
may occur in cheese in the same way as the NaCl molecules. Sensory attributes of
experimental cheeses salted with different NaCl/KCl mixtures were similar compared
with control. Among these, batches salted with 3NaCl:1KCl and 1NaCl:1KCl showed
similar scores compared to that of the control. Proteolysis of cheeses salted with
NaCl/KCl mixtures differed significantly compared with control. This study
demonstrated that the primary and the intermediate stages of proteolysis in cheeses were
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affected by salt replacement. KCl did not maintain the cheese proteolysis as it was with
NaCl.
This project showed that the effect of NaCl substitution with KCl is dependent
on cheese variety. Proteinases of the starter culture and probiotic had been significantly
affected by NaCl substitution. This study showed that salt substitution with KCl
successfully applied on Mediterranean cheeses with no adverse effect on its quality.
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1. Chapter 1: Introduction
Salt (sodium chloride; NaCl) is a common additive in the food industry. Salt plays a
vital role during food processing including preservation of food and contribution to
flavour, in addition to its effect on proteolysis, water activity, and texture profile (Reddy
and Marth, 1991; Guinee, 2004a; Guinee and Fox, 2004). Although addition of salt
plays an essential role during food processing, it is currently considered as a main risk
factor for disorders related to osteoporosis, kidney stones and hypertension (Buemi et
al., 2002; Kotchen, 2005; Massey, 2005; Heaney, 2006). The World Health
Organization (WHO) has recommended food manufacturers to reduce salt content in
their products (WHO, 2007). Meat and poultry products, dairy products, bakery
products, and other food items contribute to the daily sodium intake by particular
percentages which vary based on country and community food habits. (Anonymous,
2003; Desmond, 2006). For instance, bread, cereals and grains contributes by 19.5%
and 34.6% in USA and UK, respectively (Anderson et al., 2010). In Australia, the Food
Standards Australia New Zealand (FSANZ) found that bakery product, meat products,
and cereals products contributed by 24%, 21%, and 17% in the daily sodium intake,
respectively (Anonymous, 2011).
It has been reported that cheeses contribute to daily sodium intake by 7.8% in UK, 9.2%
in France, 8.2% in USA and 5% in Australia (Anonymous, 2003; Meneton et al., 2009;
Anderson et al., 2010). Dairy scientists across the world have embarked on projects to
reduce salt content in cheese as a part of the worldwide attempt to reduce sodium intake
(WHO, 2007). Thus, there has been an increased interest in reducing salt in cheeses
without adversely affecting their quality and safety. Numerous attempts have been made

1

to achieve low salt cheeses using different techniques including simple salt reduction
and partial salt replacement in various cheeses (Guinee and O'Kennedy, 2007).
Several attempts have been made to reduce salt without any preservatives or salt
replacement. Schroeder et al. (1988b) prepared Cheddar cheese with salt content
ranging from 0% to 1.75% and investigated its effects on chemical composition,
proteolysis, sensory properties, and microbial growth over 7 months of storage. Cheeses
containing 0.88% to 1.75% salt showed no significant difference in term of overall
acceptability compared with control Cheddar cheese which had 2.5% salt. However,
overall proteolysis and microbial growth increased with salt reduction which also has
been found to increase bitterness and decrease shelf-life in cheeses. Therefore, partial
salt substitution especially with KCl is considered as it did not significantly affect
cheese quality compared with the control (Guinee, 2004b).
Potassium chloride is a potential candidate salt that can be used in partial substitution
for NaCl. Increased intake of potassium has been reported to have a protective effect on
people with hypertension (Fregly, 1981; Reddy and Marth, 1991). NaCl/KCl mixtures
have been used successfully in various cheeses without any adverse effects on cheese
quality (Fitzgerald and Buckley, 1985; Reddy and Marth, 1993a; 1995). Several studies
have been carried out to investigate the effect of NaCl replacement with KCl on the
characteristics of Cheddar cheese (Reddy and Marth, 1993a; b; Grummer et al., 2012),
Feta cheese (Katsiari et al., 1997; 2000a), Kefalograviera cheese (Katsiari et al., 2001b),
and Fynbo cheese (Zorrilla and Rubiolo, 1994; Zorrilla et al., 1996). These studies have
reported that the characteristics (chemical composition, proteolysis and texture profile)
of cheeses salted with NaCl/KCl mixture were similar to control.
Several types of cheeses, such as Mediterranean cheeses, are characterized as high-salt
cheeses which need further investigation to reduce their salt content. These
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Mediterranean cheeses like all other cheeses vary according to manufacturing process
and ripening conditions. A few varieties of the Mediterranean cheeses have become
highly popular around the world such as Mozzarella and Feta cheeses. A major aspect
of most Mediterranean cheeses is that they contain high salt content such as Feta
(5.0%), Halloumi (3.0  5.0%), Nabulsi (8.8%) and Akawi (5.0%) cheeses. Although
the salt content of Mozzarella cheese is not high (2.0%), its enormous consumption
volume especially the low-moisture Mozzarella cheese (LMMC) as an ingredient in
different food items (pizza, pasta

etc.) warrants any attempt to reduce its salt content.

Therefore the aims of this project were to:
1. Investigate the impact of salt substitution with KCl on Halloumi cheese
characteristics. This is discussed in Chapters 3, 4, and 5.
2. Investigate the effect of salt replacement with KCl on Nabulsi cheese properties
which has been addressed in Chapter 6.
3. Evaluate the effect of salt substitution on low-moisture Mozzarella cheese
properties during storage. This is discussed in Chapters 7, 8, and 9.
4. Investigate the effect of salt substitution on Akawi cheese characteristics which
is addressed in Chapter 10.
5. Investigate the effect of full and partial substitution of salt with KCl on
proteinase activities of lactic acid bacteria (L. bulagaricus and S. thermophilus)
and probiotic bacteria (L. acidophilus and L. casei). The salt replacement was
performed at different pH levels (5.0, 5.5, and 6.0) and different salt
concentrations (5% and 10%). These are discussed in Chapters 11 and 12.
This study consists of five main parts:
The first part aimed to investigate the effect of salt substitution with KCl on Halloumi
cheese characteristics during storage. Four Halloumi cheese batches were prepared and

3

brined in four different salt treatments; only NaCl, 3NaCl:1KCl, 1NaCl:1KCl,
1NaCl:3KCl, at same concentration (18%) and stored at 4°C for 56 days. Samples were
collected on days 0, 14, 28, 42 and 56 of storage and subjected for the following
analyses: chemical composition, proteolysis determination, organic acid profile,
minerals (Na+, K+, and Ca+2) content, texture profile, and microstructure evaluation. The
outcomes of this part are fully described in chapters 3, 4, and 5 and published in peerreviewed international journals (Ayyash and Shah, 2010; 2011a; Ayyash et al., 2011).
The second part aimed to investigate the effect of NaCl substitution with KCl on
Nabulsi cheese properties during storage. Nabulsi cheese was made and stored in 4
different brine solutions at 18% (w/v), including NaCl only (A; control); 3NaCl:1KCl
(w/w; B); 1NaCl:1KCl (w/w; C); and 1NaCl:3KCl (w/w; D). Chemical composition,
proteolysis, total viable count, and texture profile analysis were assessed at monthly
intervals for 5 months. The findings of this part can be found in chapter 6 and is
published in peer-reviewed journal (Ayyash and Shah, 2011b).
The third part aimed to study the effect of NaCl replacement with KCl on low-moisture
Mozzarella cheese (LMMC) characteristics. LMMC samples were collected on 0, 9, 18
and 27 day of storage at 4°C. Chemical composition, proteolysis parameters, organic
acid profile, lactic acid bacteria growth, minerals (Na+, K+, Ca+2, and P+4) concentration,
soluble Ca+2, texture profile, sensory properties and microstructure of cheese samples
were assessed. The results of this part are presented in chapters 7, 8, and 9 and are
published in peer-reviewed international journals (Ayyash and Shah, 2011d; c; Ayyash
et al., 2013a).
The fourth part of the study was designed to investigate the effect of partial substitution
of NaCl with KCl on Akawi cheese with probiotic bacteria during 30 days of storage at
4ºC. Chemical composition, the survival of probiotic and lactic acid bacteria, the
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proteolytic activity, texture profile analysis were analysed and sensory attributes of the
cheese samples were evaluated analysis was carried out in order to determine the effects
of salt substitution. The findings of this part are covered in chapter 10 and published in
referred international journal (Ayyash et al., 2012a).
The fifth part aimed to examine the effect of full and partial NaCl substitution with KCl
on proteinase activities of cell-free extract and cell-free supernatant of four cheese
cultures; two lactic acid bacteria (S. thermophiles and L. bulgaricus) and two probiotic
bacteria (L. acidophilus and L. casei) which were grown in MRS broth. The MRS
broths were separately mixed with 4 salt treatments (NaCl only, 1NaCl:1KCl,
1NaCl:3KCl, and KCl only) at 2 different concentrations (5% and 10%) and incubated
at 37°C for 22 h. The cell pellets were used to prepare proteinase of cell-free extract,
while the cell-free supernatants were used as source of extracellular proteinases. The
proteolytic activities and protein contents of both fractions were determined. The
supernatants after incubation of both fractions with 3 milk caseins ( -, -, -casein)
were subjected to angiotensin-converting-enzyme inhibitory (ACE-inhibitory) activity
and proteolytic activity by ortho-phthalaldehyde (OPA) method. The outcomes of this
part are covered in chapters 11 and 12 and published in peer-reviewed international
journals (Ayyash et al., 2012b; 2013b).
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2. Chapter 2: Literature Review1
2.1.Salt definition and history
Salt or sodium chloride is an inorganic compound that consists of Na+ and Cl- which
form a halide salt bound by an ionic bond. Sodium chloride dissolves readily in polar
solvents such as water whereas it is not soluble in organic solvents. It is a vital
compound in human life and food (Reddy and Marth, 1991; Durack et al., 2008). Sea
and rock salts are the main sources of salt production in the world.
Salt is mentioned in the Bible as essence of life and in the Holy Quran as salt. It has
been added to food since 3,000 B.C. (Binkerd and Kolari, 1975). A part of Roman
soldiers salary was paid as salt. Hence, the word salary is taken from salarium or
allowance of salt (Woodin, 1981; Durack et al., 2008). Salt was isolated by Sir
Humphrey Davy using electrolysis technique in 1807 (Ensminger, 1994).
2.2.Importance of salt in human life
The importance of salt was well known from ancient times however it was proven as a
distinct compound experimentally by Osborne and Mendel in 1918. The human body
contain about 0.2% of sodium with 50% in extracellular fluids, 40% in skeleton and
10% within the cells (Ensminger, 1994; Otten et al., 2006). Sodium plays major role in
maintaining volume and osmotic balance in extracellular fluids. It has an essential
function in electric activity of muscle and the nerve system. The amount of sodium in
the body is regulated by kidney and sweat glands (Wahlqvist, 2011). An imbalance in
sodium level in the body leads to serious health issues. Higher sodium intake is directly
correlated with hypertension, kidney stones and osteoporosis (Massey, 2005; Heaney,

1

A major part of this literature review has been accepted as book chapter: Ayyash M. M., F. Sherkat and
NP Shah, Sodium chloride substitution of cheese. In Handbook of Cheese in Health: Production,
Nutrition and Medical Sciences.
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2006; Hollenberg, 2006). Sodium deficiency symptoms are weight loss, diarrhoea,
nausea, and headache (Ensminger, 1994).
2.3.Industrial uses of salt
Salt is involved in several industrial processes including; textile and dyeing, metal
processing, rubber manufacturing, pharmaceuticals, pigment manufacture, detergent
production, etc. (Ensminger, 1994).
2.4.Salt in food
Foods naturally contain sodium at different concentrations; however, it is added
deliberately to food products during processing. Table 1 presents examples of the
sodium content in food products in Australia and New Zealand (NUTTAB, 2010). Salt
plays various roles in food and is added for different purposes. For instance, salt is
added as a preservative to reduce the water activity (aw) in canned meat products
(Taormina, 2010). Salt is added during pickle production in order to control the
microbial growth and thus regulating the fermentation process. In bakery products, salt
enhances the overall flavour and strengthens gluten network in dough (Reddy and
Marth, 1991).
Table 1: Sodium content of food products
Food items
Food Ingredients and additives: Herbs, seasonings and spices
Beverages: Alcoholic & non-alcoholic (mg/100mL)
Cereals and cereal products
Dairy and dairy products
Fruits and fruit products
Vegetables and vegetable products
Meats and meat products
Snack foods
Confectionery and sweet spreads
Retrieved from NUTTAB, 2010
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Sodium content
(mg)/100g
3  27,380
1 - 370
1  9,747
2  3,728
1 - 116
1  2,070
22  3,700
1  8,330
1 - 700

2.5.Salt in cheese
Salting is an important step during cheese production. For instance, Nabulsi cheese
must be kept with salt (brine or dry salt) overnight in order to improve texture and
increase the shelf life (Ibrahim and O'Sullivan, 1998; Yamani et al., 1998). Salt affects
the microbial growth and activity, moisture content and water activity (aw), proteolysis,
texture and microstructure of cheeses (Guinee, 2004a; Guinee and Fox, 2004). Table 2
shows the salt content, moisture and salt-in-moisture contents of various types of
cheeses. Nabulsi and Domiate cheeses have higher salt content 8.8% and 6.0 %,
respectively. Feta, Blue and Romano-type cheeses are considered as salted cheeses and
may increase the amount of daily salt intake.
Table 2: Salt content of various cheese types1
Cheese type
% Salt
% Moisture
Nabulsi
8.8
45.2
Domiate
6.0
55.1
Feta
4.5
63.3
Blue
4.5
42.2
Romano-type
4.1
30.0
Halloumi
3.0
46.6
Camembert
2.5
52.2
Gouda
2.4
39.0
Cheddar
1.7
37.3
Mozzarella
1.4
46.3
Emmenthal
0.7
38.7
1
(Guinee and Fox, 2004; Toufeili and Ozer, 2006).
2
Salt-in-moisture

S/M2
19.0
10.9
5.7
10.5
13.8
6.4
4.8
4.9
4.1
3.1
2.0

2.5.1. Salting methods of cheese
Three main techniques are used for salting cheeses. Every single technique has
advantages and disadvantages which affect the cheese quality.
a) Brining: Cheese loaves are immersed in brine solution at a particular step during
cheese manufacturing process. The advantage of this method is that salt is
distributed evenly on cheese loaf surface. However, this method requires large
containers to keep the cheese loaves in brine. Also it consumes quite large
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amount of water to prepare the brine. Brining may result in zone variation of salt
content in cheese mass (Guinee et al., 2000). For example, Halloumi cheese is
brined in solution (water or whey) containing 10 to 12% salt for 30 to 45 days
(Papademas, 2006). Nabulsi cheese is stored in 21% brine solution for 1 year
after moulded curd pieces been boiled in brine solution for 10 min (Abd ElSalam and Alichanidis, 2004).
b) Dry salting: Milled curd pieces are salted by adding fine salt crystals directly on
the surface of pieces. This method facilitates salting process which could be
carried out inside the cheese vat. However, possible uneven distribution of salt
in cheese would be the main disadvantage of dry salting (Sutherland, 2003). For
instance, Cheddar is dry-salted after milling.
c) Surface salt rubbing: Mould ripened cheese surface is rubbed with salt slurry
or dry salt (Guinee, 2004a). e.g. blue vein cheese
2.5.2. Salt absorption and movement in cheese
Salt as an ionic substance that instantly dissolves in water and dissociates into two ions
Na+ and Cl- surrounded by H2O molecules (Chang and Cruickshank, 2005).

When cheese is salted there is a movement of Na+ and Cl- from brine or dry salt into
cheese and water out from the cheese. Two opposite fluxes occur when cheese is
subjected to brine or dry salting methods. Na+ and Cl- ions diffuse into cheese matrix
toward cheese centre simultaneously; water in cheese migrates from the cheese centre to
the surface (Figure 1). Salt diffusion into cheese varies based on the cheese block size
and distance between cheese block centre and surface.
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b) Water migrates in larger amounts out of the cheese compared with low flux of
Na+ and Cl-. Thus, the mechanical force of outward water flux could slow down
the inward Na+ and Cl- flux.
c) The complex cheese matrix exerts a sieve effect on the diffusion of Na+ and Clinto cheese and water out of cheese.
d) The soluble solids content in aqueous phase of cheese compared with pure
water. Therefore the Na diffusion in cheese moisture would be slower compared
with pure water.
2.5.3. Factors controlling the salt absorption
Several factors affect the salt absorption in cheese during brining or dry salting
(Sutherland, 2003; Guinee, 2004a; Guinee and Fox, 2004):
2.5.3.1.

Salting time

The amount of salt that is absorbed during salting process increases with the duration of
salting time. However, the salting time is limited by the establishment of osmotic
pressure equilibrium.
2.5.3.2.

Brine concentration

The salt diffusion inside cheese matrix correlates positively with the brine concentration
up to a certain limit. The higher salt concentration will increase the rate of Na+
movement. It has been reported that an increase in brine concentration from 5% to 25%
will increase salt absorption. The coefficient of diffusion (D*) decreased sharply when
salt concentration > 25% was used with brine-salted Gouda cheese (Geurts et al., 1980)
and Romano cheese slices (Guinee and Fox, 1983). The reduced salt absorption may be
due to dehydration of the surface layer of cheese which slow down salt movement and
thereby decreases salt migration rate inward the cheese (Melilli et al., 2003).
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2.5.3.3.

Cheese geometry

The ratio between surface area to volume (S/V) and shape of the cheese loaf affect the
salt absorption. An increase in S/V ratio will increase the salt absorption. Guinee and
Fox (1986a) found that the rectangular shape of Romano-type cheese absorbed more
salt than the cylindrical shape.
2.5.3.4.

pH of curd and brine solution

Geurts et al. (1980) found that salt uptake in Gouda cheese at pH 5.7 was lower than
that at pH 4.7. The higher salt uptake at pH 4.7 coincides with lower water loss from
curds at the same pH which may be attributed to higher lactate level in low pH cheeses.
A higher lactate level in aqueous phase of cheese would reduce the net loss of water
(Guinee, 2004a). The effect of brine pH on salt absorption during brining needs more
investigation, however it would be possible that decreasing the brine pH to about 4.7
would increase the precipitation of water soluble proteins which in turn decreases the
salt uptake (Guinee and Fox, 2004).
2.5.3.5.

Temperature of curd and brine

Breene et al. (1965) reported that the salt uptake of Cheddar curd at 42°C was the
highest compared with those at 27, 32, and 38°C. The increase in brine temperature
from 5 to 20°C increased the NaCl mobility and thereby increased the salt uptake in
Gouda cheese (Geurts et al., 1974), Romano-type cheese (Guinee and Fox, 1986b) and
Turkish white cheese (Turhan and Kaletunç, 1992). Any increase in the temperature of
curd or brine solution would increase salt uptake in the curd. Higher temperature of
brine solution may increase the pore size of the protein matrix and facilitate the true
diffusion (Guinee and Fox, 2004).
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2.5.3.6.

Initial salt-in-moisture level of curd and pre-salting

The initial level of salt-in-moisture in curd can be controlled by dry-salting the curd
before brining which is called pre-salting step. A higher initial salt-in-moisture (S/M) in
curd will increase salt absorption and the final S/M level by reducing water in the final
cheese. However, an excessive dry pre-salting decreases the amount of salt diffusion
during brining. For instance, Melilli et al. (2003) pre-salted Ragusano curd by dry salt at
4% (w/w) level before plasticization in 4% (w/v) brine followed by ripening in 18%
(w/v) brine up to 24 days at 18°C. An excessive pre-salting of curd pieces shrinks
protein network in the outer layer of the curd pieces which in turn decreases the
moisture in the outer layer and thereby lowers salt diffusion. Therefore, the salt uptake
in Ragusano cheese was lower during ripening.
2.5.3.7.

Initial moisture content in curd

The diffusion of salt during dry salting or brining methods associates positively with the
increase in initial moisture content of the curd. Thus, the salt content of cheese with
high initial moisture content will be higher than the cheese with low initial moisture
(Guinee and Fox, 2004). Geurts et al. (1974) reported that salt absorption increased in
the high initial moisture Gouda-type and Edam cheeses during brining.
2.5.4. Salt impact and role in cheese
Salt is traditionally added to cheese during processing for preservative and flavour
reasons. However, salt affects directly or indirectly several other properties of cheese.
The microbial growth, proteolysis, water activity, and moisture content are major
parameters affected by salt addition. The level of influence on cheese properties is
correlated with salt concentration in cheese (Sutherland, 2003; Guinee, 2004a; Guinee
and Fox, 2004):
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2.5.4.1.

Effect of salt on moisture content

The increase in salt concentration decreases moisture content in cheese. This trend can
be clearly observed during cheese storage in brine solution and dry salting methods. As
been mentioned, cheese water migrate outward of the cheese loaf whereas salt diffuses
inward gradually (Sutherland, 2003).
2.5.4.2.

Effect of salt on water activity (aw)

The curd water activity is affected by solutes dissolved in its moisture. Salt diffuses
directly into cheese moisture which in turn reduces its water activity. In early stage of
ripening, salt is the main factor affecting the water activity. Salt binds free water in
cheese and decreases the water activity.
2.5.4.3.

Effect of salt on microbial growth

Salt pays a vital role in microbial growth in cheeses. An increase in salt concentration
decreases the microbial growth, both the starter and the non-starter cultures. The
addition of salt to the cheese curd decreases water activity and increases the pH values
which in turn reduce the microbial activity (Guinee, 2004a).
2.5.4.4.

Effect of salt on enzyme activity and proteolysis

Cheese enzymes are categorized into three main groups; coagulants, indigenous milk
enzymes, and microbial enzymes. The influence of salt on these enzymes is varied and
related to salt concentration (Sutherland, 2003; Guinee and Fox, 2004):
a) Coagulants: these enzymes are mainly responsible on the primary proteolysis in
cheese during coagulation and the first stage of ripening. The hydrolysis of casein is the main target for these enzymes (Fox and McSweeney, 1996;
Upadhyay et al., 2004). It has been reported that salt concentration around 1.0%
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to 6.0% simulates

-casein hydrolysis. However, further increase in salt

concentration up to 20% inhibits -casein degradation which implies inhibition
in coagulant activity.
b) Indigenous milk enzymes: plasmin is the major indigenous enzyme that
contributes to proteolysis of -casein during cheese ripening. Any increase in
salt concentration beyond 2% (w/w) starts to inhibit plasmin activity (Noomen,
1978).
c) Microbial enzymes: Reducing water activity at high salt concentrations may
adversely affect the microbial activity. Also and as a result of the salt effect on
pH, the microbial activity may be adversely affected during ripening.
2.5.4.5.

Effect of salt on texture profile and microstructure of cheese

The impact of salt on texture profile and microstructure of cheese is a result of its
effects on moisture content, proteolysis, and casein hydration. Significant differences in
microstructure can be observed between salted and unsalted cheeses. Soft, pasty, weak,
and adhesive are the main characteristics of unsalted cheese. While, salted cheese is
characterized with crumbliness, dryness and hardness. Cheese microstructure is greatly
affected by salt addition at low level (ca. < 6.0%). For instance, an increase in salt-inmoisture content from 0.25 to 3.5% in Mozzarella cheese produces more homogenous
and uniform structure.
2.6.Salt related with health issues
The National Health and Medical Research Council (Anonymous, 2003) in Australia
has developed a nutrient reference values for Australia and New Zealand including
recommended dietary intake (RDI) for all nutrients. The RDI for sodium at different life
stages and genders are presented in Table 3. These RDIs are similar to those published
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in USA (Otten et al., 2006). Table 3 shows that RDI of NaCl is the same for both men
and women at 1.18 to 2.36 g per day.
Table 3: The recommended daily intake of sodium (mg/day) and the equivalent
amount of salt (g/day) for different life stages and genders1
Age (years)
Sodium mg/day
NaCl g/day
Children & Adolescents Recommended Upper Level
Recommended Upper Level
1-3
200  400
1000
0.51  1.02
2.56 (9  17 mmol)
4-8
300  600
1400
0.76  1.53
3.59 (13  26 mmol)
9 - 13
400  800
2000
1.02  2.05
5.13 (17  34 mmol)
14 - 18
460  920
2300
1.18  2.36
5.89 (20  40 mmol)
Adults (+18)
Men
460  920
2300
1.18  2.36
5.89 (20  40 mmol)
Women
460  920
2300
1.18  2.36
5.89 (20  40 mmol)
1
Nutrient Reference Values for Australia and New Zealand (endorsed by the NHMRC
on 9 September 2005)

Several studies and worldwide organisations reports showed that the actual daily intake
of sodium is greater than the RDI (Elliott and Brown, 2006; WHO, 2007). Elliott and
Brown (2006) reported that the daily sodium intake is in excess of 100 to 200 mmol per
day especially in Asian communities. The UK dietary and nutritional survey of adults
showed that the daily salt intake was 11 g in men and 8.1 g in women which is nearly 5
times than of RDI (Hoare et al., 2003). Excessive salt intake is highly correlated with
various chronic diseases:
a) Salt and hypertension
Hypertension is a term that is used to describe a high blood pressure disease. According
to the seventh Joint National Committee (JNC 7), normal individuals have blood
pressure of ca 120/80 mmHg while individuals with

140/90 mmHg blood pressure are

classified as hypertensive. Individuals with blood pressure greater than 120/80 but
lower than 140/90 mmHg are considered as pre-hypertension (Chobanian et al., 2003).
Epidemiological studies, treatment trials, and animal studies have provided evidences
on the positive association of sodium intake with hypertension. Thus, an excessive
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intake of sodium is highly correlated with hypertension (Kotchen, 2005; He and
MacGregor, 2007; Penner et al., 2007).
b) Salt and cardiovascular diseases (CVD)
Cardiovascular diseases (e.g. heart attack, stroke) are major death causes in the world.
World Health Organisation (WHO) reported that 30% of total death incidences in 2005
were due to CVD. Moreover, the report showed that this level will increase by 17% in
2006 to 2015 (WHO, 2005). Numerous epidemiological studies have shown that
hypertension is a major risk factor that causes CVD (Alderman, 2006; He and
MacGregor, 2007; Penner et al., 2007). Thus, increased salt intake is positively
correlated with CVDs.
c) Salt and other harmful health issues
Several studies have shown positive association between kidney stones and increased
salt intake (Massey, 1995; Lin et al., 2003; Massey, 2005). Stomach cancer is the
second death cause compared to other cancer types. Ecological studies have shown
significantly positive correlation between salt intake and stomach cancer (Joossens et
al., 1996; He and MacGregor, 2007).
Therefore, dietary salt reduction is considered a worldwide necessity. Numerous health
organisations and epidemiological studies recommend reducing salt intake in order to
reduce the risk of chronic diseases especially hypertension (Elliott and Brown, 2006;
WHO, 2007).
2.7.Salt reduction approaches
Over the last decade, more than 250 patents were registered for salt reduction in
different food products (Toldrá and Barat, 2009). In UK, the Food Standard Agency
(FSA) cooperated with UK food industry to reduce salt in food products and targeted
different salt reduction levels for different food items (Angus, 2007). Several
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approaches have been applied in order to reduce salt content in foods during
manufacturing without adversely affecting food safety and quality.
2.7.1. Simple salt reduction
This approach is aimed at gradually reducing the amount of salt that is added to food
during processing. Uncontrolled salt reduction may have adverse effects on food
properties. Low taste, high microbial growth and weak texture are the main
characteristics of low-salt products (Reddy and Marth, 1991; McMahon, 2010). Several
studies have been carried out to investigate the lowest salt concentration that can be
applied without affecting food safety. However, risk of pathogens growth and low taste
are burdens on food industries.
2.7.2. Salt reduction combined with food additives
In respect to safety issues related to simple reduction of salt in food, several researchers
proposed to add natural food preservatives to low salt products (Toldrá and Barat,
2009). Nisin, lactoferrin, and other natural antimicrobials have been suggested to be
added in food products in order to prevent or supress food pathogens and increase the
product shelf-life (Taormina, 2010). Thus, the natural antimicrobials would compensate
the reduced salt effect on pathogens. However, the type of antimicrobial, targeted
pathogen and food matrix are main factors that affect the efficacy of a particular
antimicrobial agent (Betts et al., 2007; Durack et al., 2008). Taste enhancers such as
monosodium glutamate (MSG), alapyridaine, glycine and others are added to food
products in order to enhance the flavour and mask the lack of saltiness (Kilcast and den
Ridder, 2007; Durack et al., 2008). Nonetheless, food additives generally are not
preferred by consumers.
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2.7.3. Salt substitution with other salts
Salt replacement with other salts (potassium chloride, calcium chloride and magnesium
chloride) may be considered as the most successful approach among salt reduction
strategies. Several researchers reported that salt replacement had similar effect on food
properties compared with control made with NaCl (Kilcast and den Ridder, 2007).
Potassium chloride (KCl) was successfully used to substitute NaCl up to 50% in various
foods (Guinee, 2004b; Kilcast and den Ridder, 2007). Epidemiological studies showed
that excessive intake of potassium had no adverse effect on hypertensive patients
(Geleijnse et al., 2003; Geleijnse et al., 2007). The main drawback associated with KCl
is the bitterness which can be noticed at high KCl concentration.
2.8.Attempts to reduce salt in various foods
Numerous studies and industrial attempts have been carried out in order to reduce salt in
various foods using different salt reduction approaches. Meat and poultry products,
dairy products, bakery products, and other food items contribute to the daily sodium
intake by particular percentages which vary based on country and community food
habits (Anonymous, 2003; Desmond, 2006). For instance, bread, cereals and grains
contributes by 19.5% and 34.6% in USA and UK, respectively (Anderson et al., 2010).
In Australia, the Food Standards Australia New Zealand (FSANZ) has estimated the
sources of sodium in the Australians` diet. The FSANZ found that bread product, meat
products, cereals products, and other food items contributed by 24%, 21%, 17% and
24% in the daily sodium intake, respectively (Anonymous, 2011). The Food Standard
Agency in UK aimed to reduce salt content in meat and poultry products by 40% to
50% by 2006. However, it seemed that this goal was not achievable and thereby the
Food Standard Agency extended the period to 2010 in order to achieve the target. Three
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salt reduction approaches mentioned above were applied on different meat products in
order to maintain quality and safety (Desmond, 2006).
2.9.Salt reduction in cheese
Since 2002, cheese production has been increasing by ~ 2% per annum. The worldwide
cheese consumption is high especially in the developed countries with about 12.5 Kg
per capita per annum (Fox and McSweeney, 2004). In Australia, the total cheese
production in 2010 reached 338000 tonnes while the cheese consumption was 12.7 Kg
per capita per annum (Anonymous, 2012). It has been reported that cheeses contribute
to daily sodium intake by 7.8% in UK, 9.2% in France, 8.2% in USA and 5% in
Australia (Anonymous, 2003; Meneton et al., 2009; Anderson et al., 2010). The
approximately high cheese consumption in these countries that contribution to the daily
sodium intake encouraged dairy scientists to embark on projects to reduce salt content
in cheese as a part of the worldwide attempt to reduce sodium intake (WHO, 2007).
Several issues are associated with low-salt cheese production (McMahon, 2010).
2.9.1

Simple salt reduction in cheese

Several attempts have made to reduce salt without any preservatives or salt replacement.
Schroeder et al. (1988b) prepared Cheddar cheese with salt content ranging from 0% to
1.75% and investigated the effects on chemical composition, proteolysis parameters,
sensory properties, and microbial growth over 7 months of storage. Cheeses containing
0.88% to 1.75% salt showed no significant difference in term of overall acceptability
compared with control Cheddar cheese. However, overall proteolysis and microbial
growth increased with NaCl reduction. Wyatt (1983) evaluated the overall acceptability
of low-salt Cottage cheese with 25, 50, and 75% less salt and found a significant drop in
the overall acceptability above 50% reduction. However,, concerns on microbial safety,
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bitterness development, soft texture and abnormal fermentation during storage are main
issues that could not be overcome with simple salt reduction (Guinee and O'Kennedy,
2007; McMahon, 2010).
The overall acceptability of low-salt cottage cheese with 25, 50, and 75% less salt was
examined by Wyatt (1983). A significant drop in the overall acceptability above 50%
reduction was reported. Schroeder et al. (1988a) investigated the effect of salt reduction
ranging from 1.44% to 0% (w/w) on sensory, microbiological and chemical properties
of Cheddar cheese. . The authors found that proteolysis, growth of lactic acid bacteria
and water activity increased in low-slat cheeses over 7 months of storage period. The
overall acceptability of Cheddar cheeses salted between 0.88 to 1.44% was similar. The
low salt Cheddar cheese (at 0.73%) received normal acceptability scores (Schroeder et
al., 1988a). Kelly et al. (1996) reported that the rate of proteolysis in Cheddar cheese
made with different salt levels (0 to 3.3%, w/w) had an inverse relationship with salt
concentration. The higher the salt concentration was the lower the proteolysis rate.
Kristiansen et al. (1999) examined proteolysis in Danbo-type cheese brined at four
different levels of NaCl (0.06, 2.6, 4.3 and 6.4%) for 96 hours at 16ºC. The authors
found that cheeses brined at higher salt concentration had lower proteolysis compared
with other cheeses. Physio-chemical properties of Feta cheese brined at 8, 15, and 18%
NaCl was investigated by Prasad and Alvarez (1999) during the storage period of 63
days. The authors found that Feta cheeses brined in higher salt concentration became
harder (Prasad and Alvarez, 1999).
Kaya (2002) monitored the changes in hardness and colour of Gaziantep cheese kept in
brines with different salt concentrations (5%, 10%, 15%, 20% and 25% NaCl) for two
weeks. Cheeses kept in 20% and 25% brines showed higher hardness and a change in
colour compared to those in lower salt concentration. The texture changes of Dil cheese
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brined at two salt concentrations (3 and 6% NaCl) during storage for 3 months were
examined by Kilic and Isin (2004). At high salt concentration, Dil cheeses showed
harder texture compared with cheeses kept at lower salt concentrations. Guven et al.
(2006) prepared Beyaz cheese (Turkish white-brined cheese) followed by brining at 12,
14, 16 or 18% NaCl and ripening at 7°C for 9 weeks. Beyaz cheeses brined in 12 and
14% NaCl concentration showed higher overall acceptability and flavour scores
compared with those kept at 16 and 18% brine. The authors demonstrated that all
cheeses were affected by storage period in terms of dry matter, pH values, protein
content and hardness. Hamid et al. (2008) made Sudanese white cheese and stored at
7ºC for 8 months in different brine solutions (4 - 6% salt concentrations). The authors
reported that the microbial growth and proteolysis in cheeses brined in 4% salt
concentration was higher than those brined at cheeses with 6% salt content. In contrary,
the fat and crude protein contents in cheeses kept at 6% brine were higher with
significantly better sensory characteristics than those kept in 4% brine (Hamid et al.,
2008).
2.9.2

NaCl substitution with other salts

Recently, replacement of NaCl with other salts such as potassium chloride (KCl),
calcium chloride (CaCl2), and magnesium chloride (MgCl2) or with patented salt
mixture has been reported (Guinee and Fox, 2004; Guinee and O'Kennedy, 2007;
Durack et al., 2008). Lefier et al. (1987) salted Gruyere cheese with NaCl/MgCl2
mixture which showed acceptable taste with slight bitterness and soft body. Martens et
al. (1976) lowered salt content of Gouda cheese from 650 to 72 mg/100g and replaced it
with 283 mg KCl /100g and reported acceptable sensory properties and good quality.
Reddy and Marth (1993a) successfully prepared Cheddar cheese with NaCl/KCl
mixture with acceptable organoleptic properties similar to control cheese made with
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only NaCl, and no significant differences in chemical composition, microbiological and
texture properties. Katsiari et al. (1997; 2000a; b) investigated the effect of partial
substitution of NaCl with KCl at different levels (3NaCl:1KCl, 1NaCl:1KCl, and
1NaCl:3KCl) on Feta cheese characteristics during 180 day of storage and found no
significant differences in all sensory attributes compared with control. However, cheese
salted with 3NaCl:1KCl scored somewhat higher than other salt mixtures. This study
also showed no significant differences in physio-chemical and microbiological
parameters between experimental Feta cheeses.
Similar results were reported in a study examining the effects of partial salt replacement
with KCl on Greek Kefalograviera cheese (Katsiari et al., 1998; 2001b; a).
Kefalograviera cheeses salted with 3NaCl:1KCl, 1NaCl:1KCl and 1NaCl:3KCl had
similar sensory scores with no significant differences compared with control.
Guven and Karaca (2001) prepared white cheese and stored in different brines
containing

1NaCl:1CaCl2;

1NaCl:1KCl;

1NaCl:1MgCl2;

or

1NaCl:0.33CaCl2:0.33KCl:0.33MgCl2 for 12 weeks. They reported no significant
differences in proteolysis indices and acidity between experimental cheeses at the same
storage period. However, this study did not investigate the organoleptic properties of the
cheeses stored in different brines.
Fynbo (a semi-hard Danish cheese) was prepared by Laborda and Rubiolo (1999) with
NaCl/KCl mixture who then examined proteolysis indices and sensory properties. They
found that the proteolysis indices did not differ significantly between Fynbo cheese
salted with NaCl/KCl mixture and the control made only with NaCl at the same
ripening temperature and storage time. The sensory quality of Fynbo cheese salted with
NaCl/KCl mixture was found to the acceptable (Zorrilla and Rubiolo, 1999). Kamleh et
al. (2012) have concluded that salt substitution with KCl had no significant effect on
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overall acceptability of Halloumi cheese and therefore salt substitution could be
successfully used in Halloumi cheese manufacture.
On the base of these studies, we may conclude that partial replacement of NaCl with
NaCl/KCl mixtures was successful without adverse effect on cheese characteristics
compared with simple salt reduction. Furthermore, KCl was found to be the most
acceptable salt for partial NaCl replacement among other salts. KCl intake has not been
linked to development of hypertension and cardiovascular diseases (Buemi et al., 2002;
Geleijnse et al., 2007). Several drawbacks can be noticed in the previous studies which
need further investigations:
1) The impact of salt replacement should be studied on several cheeses characterized by
high salt contents such as Halloumi, Akawi and Nabulsi cheeses. Due to the unique
characteristics of every individual cheese and the differences in manufacturing
processes, the effect of salt substitution with KCl should be investigated in each
individual cheese.
2) Although the microbial growth has been reported to be affected by salt substitution,
the effect on the proteolytic enzymes of the starter cultures during cheese ripening need
to be further explored since these enzymes have great role in cheese ripening which in
turn affects the cheese quality and flavour.
2.10. Mediterranean cheeses
It is commonly believed that the Mediterranean region is the origin where cheese was
first evolved (Fox and McSweeney, 2004). A few Mediterranean cheeses types have
become highly popular around the world such as Mozzarella, Feta, and Halloumi
cheeses. Relatively, Mediterranean cheeses contain relatively higher salt content such as
Feta (5.0%), Halloumi (3.0  5.0%), Nabulsi (8.8%), Akawi (5.0%) and Mozzarella (2.0
to 3.0%) cheeses. The contribution of Mozzarella cheese to daily sodium intake is
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considerable due to high consumption of Mozzarella cheese (especially the lowmoisture Mozzarella cheese; LMMC) as ingredient in different food items such as
pizza, pasta etc (Kindstedt et al., 2004). Therefore, any attempt to reduce its salt
content would be greatly beneficial.
2.10.1.

Low-moisture Mozzarella cheese

Mozzarella cheese is an Italian traditional pasta-filata cheese which is traditionally
made from buffalo milk. Currently, Mozzarella cheese is globally produced from bovine
milk at about 100 tonnes or more per day (Kindstedt et al., 2004). Because of its
functional properties, Mozzarella cheese especially its low-moisture variety (LMMC) is
commonly used as pizza topping. LMMC`s moisture content is around 45 - 52% and its
fat-in-dry matter 45% (Jana and Upadhay, 1991). Stretchability, meltability, browning,
elasticity and oiling off are major functional properties of LMMC (Kindstedt, 2004).
There are no precise definitions for these attribute, however a general definition was
presented by Kindstedt (1995). Stretchability is the ability of the cooked cheese strands
to remain together as a cohesive mass while being pulled. Meltability is defined as the
ease with which cheese flows or spreads upon heating and loss of integrity of the
individual cheese shreds (Rowney et al., 1999). Browning occurs during pizza cooking
at high temperature as a result of decomposition of sugars and Maillard reaction
between amine groups and reducing sugars (lactose and galactose) (Matzdorf et al.,
1994; Mukherjee and Hutkins, 1994). Oiling-off is defined as releasing of fat from
cheese shreds during pizza baking at a high temperature. However, excessive fat release
results in pools of oil on the surface of pizza which is considered as defect. Therefore, a
moderate oiling-off is a desirable characteristic which improve the mouthfeel and glossy
appearance (Wang and Sun, 2004).
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A general LMMC production process is presented in Figure 2. Bovine milk is
pasteurized at 72°C for 15 seconds after the milk has been standardized. The
pasteurized milk is tempered at around 37 - 40°C followed by starter culture addition
and left for 30-45 minutes. Rennet is added at ~ 32°C and set for 35-40 minutes until
curd is formed. The curd is then cut into small cubes and cooked at temperature 35 40°C for 10-25 minutes and then whey is drained. Curd is aggregated together forming
block to begin cheddaring step which ends at pH 5.3-5.2. Curd blocks are cut into small
pieces and immersed into hot water 60 - 85°C for few minutes. A gentle stretching and
folding motion is made until smooth texture with white plastic mass is formed. The hot
plastic mass is transferred into stainless steel molds. After cooling in chilled water, the
formed blocks are floated in cold brine solution (around 4% NaCl) for 2-12 hour
followed by packing and storing at low temperatures (Kosikowski and Mistry, 1997).
Several factors impact on the functional properties of LMMC which have been
extensively studied. Proteolysis, moisture content, fat content, calcium content, pH, and
salt content are the major factors (Kindstedt, 1995; Guinee et al., 2002). Salt content of
LMMC varies (~ 1.4% to 2.5%; w/w) depend on salting method, brine concentration
and time. Several studies have been carried out in order to investigate the effect of salt
concentration and salting methods on Mozzarella cheese properties.
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Because of the high consumption of LMMC as pizza topping around the world which in
turn may increase the total daily sodium intake, an attempt to produce low-salt LMMC
would fall within WHO recommendations to reduce salt in food product. To our
knowledge, there is no information available in terms of the effect of NaCl substitution
with KCl on LMMC characteristics during storage.
2.10.2.

Halloumi cheese

Halloumi cheese one of the most famous semi-hard Mediterranean cheeses. It is
traditionally produced in Cyprus; at the present, it is produced in significant amounts
throughout the world. It is believed that the cheese was introduced to Cyprus by Arab
mercenaries from Syria and Palestine (Papademas, 2006). Since 1999 the Halloumi
cheese export has increased significantly throughout the world. Traditionally, Halloumi
cheese was produced from sheep and goat milk, however and because of the seasonal
production of goat and sheep milks, cow`s milk is used to produce Halloumi cheese
(Papademas and Robinson, 1998). Figure 3 shows the steps of traditional Halloumi
cheese production. Briefly, raw milk is tempered to 37oC, and starter culture (i.e.
yogurt) is added. After 30 min of ripening, coagulant is added and set for 35 min. The
curd is cut into 1 cm3 cubes, let stand for 10 min followed by stirring for 15 min at
37oC. The curd is transferred into cheesecloth and whey is drained. The curd is pressed
under a pressure of 0.35  0.45 MPa for about 1 h to fuse the curd pieces and expel
whey. Pressed curd is cut into various retail blocks and heated in deproteinized whey at
90  95oC for at least 30 min with continuous stirring. Afterwards, blocks are dry-salted
or immersed into brine solutions. Cheese blocks are vacuum-packaged or kept into
containers with brined whey solution.
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brine salted cheeses. However, the coliform, total viable count and yeast and mould
were lower in brine salted cheeses.
According to Halloumi cheese manufacturing process, it contains high salt
concentration which makes Halloumi cheese a hazardous food that hypertensive people
should avoid. At present, there is no details are available about salt reduction in
Halloumi cheese by substitution with KCl.
2.10.3.

Nabulsi cheese

Nabulsi cheese is one of the most popular cheeses in Middle Eastern countries such as
Jordan, Palestine, Lebanon and Syria. Traditionally it is produced from sheep or goat
milk or mixture of both. Therefore, production of Nabulsi cheese is greatly increased in
spring season. The high salt content of Nabulsi cheese allows it to stay safe and be able
to consume for one year (Abd El-Salam and Alichanidis, 2004). This cheese is
classified as unripened, semi-hard cheese with moisture content 45 to 55% and salt
content around 8.8%. The manufacturing steps of Nabulsi cheese is illustrated in Figure
4.
Raw or pasteurized milk is tempered to ~32 - 35 °C followed by rennet addition and
setting for 30 to 60 min. Coagulated milk is cut into ~ 1 cm3 cubes and settled for 10-15
min and then whey is drained. Curd is transferred into cheesecloth for continued whey
drainage. Afterwards, curd is pressed under 0.4 MPa per cm2 for ~ 2 h followed by
cutting into small blocks (~ 4 × 4 × 1.5 cm) and then sprinkled with salt or immersed in
a brine solution (18 to 21%) overnight. Cheese blocks are boiled in a brine solution (18
to 21%) for 5 to 10 min and cooled at room temperature. Cooled blocks are stored in
metal or plastic containers filled with a brine solution (18 to 21%) (Toufeili and Ozer,
2006).
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a valuable knowledge and great health benefits would be achieved when produce Akawi
cheese with low salt content by substitution with KCl.
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3. Chapter 3: Effect of partial substitution of NaCl with KCl on Halloumi cheese
during storage: Chemical composition, lactic bacterial count, and organic acids
production
Introduction
Chapter three investigate the effect of NaCl substitution with KCl on chemical
composition, lactic acid bacteria population and organic acids production in Halloumi
cheese. The paper entitled Effect of partial substitution of NaCl with KCl on Halloumi
cheese during storage: Chemical composition, lactic bacterial count, and organic acids
production by Ayyash M.M and N.P Shah was published in the peer reviewed Journal
of Food Science 75(6):C525-C529
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Ayyash, M.M. and Shah, N.P. (2010), Effect of Partial Substitution of NaCl with KCl on Halloumi
Cheese during Storage: Chemical Composition, Lactic Bacterial Count, and Organic Acids
Production. Journal of Food Science, 75: C525-C529. doi:10.1111/j.1750-3841.2010.01691.x
The full-text of this article is subject to copyright restrictions, and cannot be included in the
online version of the thesis.
The full-text is available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.
2010.01691.x

4. Chapter 4: Effect of Partial Substitution of NaCl with KCl on Proteolysis of
Halloumi Cheese.
Introduction
Chapter four investigates the effect of partial substitution of NaCl with KCl on
proteolysis of Halloumi cheese during storage for 56 days at 4oC. A paper entitled
Effect of Partial Substitution of NaCl with KCl on Proteolysis of Halloumi Cheese by
Ayyash M.M and N.P Shah was published in the peer reviewed Journal of Food Science
76(1):C31-C37

42

43

44

Ayyash, M.M. and Shah, N.P. (2011), Effect of Partial Substitution of NaCl with KCl on Proteolysis of
Halloumi Cheese. Journal of Food Science, 76: C31-C37. doi:10.1111/j.1750-3841.2010.01901.x
The full-text of this article is subject to copyright restrictions, and cannot be included in the online
version of the thesis.
The full-text is available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3841.2010.01901.
x

5. Chapter 5: The effect of sodium chloride substitution with potassium chloride
on texture profile and microstructure of Halloumi cheese.
Introduction
Chapter five investigates the effect of partial substitution of NaCl with KCl on texture
profile and microstructure of Halloumi cheese during storage at 4°C for 56 days.
Sensory evaluation of Halloumi cheese is presented in Appendix A. A paper entitled the
effect of sodium chloride substitution with potassium chloride on texture profile and
microstructure of Halloumi cheese by Ayyash M.M., F. Sherkat, R. Williams, Phil
Frances and N.P Shah was published in the peer reviewed Journal of Dairy Science
94(1):37-42. The microstructure images in this chapter are enlarged in Appendix C,
pages 166-169.

52

53

54

J. Dairy Sci. 94:37–42
doi:10.3168/jds.2010-3407
© American Dairy Science Association®, 2011.

The effect of sodium chloride substitution with potassium chloride
on texture profile and microstructure of Halloumi cheese
M. M. Ayyash,* F. Sherkat,† P. Francis,‡ R. P. W. Williams,§ and N. P. Shah*1

*School of Biomedical and Health Sciences, Faculty of Health, Engineering and Science, Victoria University, Werribee Campus, PO Box 14428,
Melbourne, Victoria 8001, Australia
†School of Applied Sciences, Food Science, RMIT University, PO Box 2476, Melbourne, Victoria 3001, Australia
‡Department of Applied Physics, RMIT University, Melbourne, Victoria 3000, Australia
§Commonwealth Scientific and Industrial Research Organization (CSIRO) Food and Nutritional Sciences, Werribee, Victoria 3030, Australia

ABSTRACT

INTRODUCTION

37

55

38

AYYASH ET AL.

Texture Profile Analysis

MATERIALS AND METHODS
Cheesemaking

Microstructure by Environmental
Scanning Electron Microscopy

Determination of Na, K, and Ca Contents
by Multitype Inductively Coupled Plasma
Atomic Emission Spectrometry

Chemical Composition

Journal of Dairy Science Vol. 94 No. 1, 2011

56

TEXTURE AND MICROSTRUCTURE OF HALLOUMI CHEESE

39

Statistical Analysis

Texture Profile Analysis
RESULTS AND DISCUSSION
Chemical Composition

Journal of Dairy Science Vol. 94 No. 1, 2011

57

40

AYYASH ET AL.

Journal of Dairy Science Vol. 94 No. 1, 2011

58

TEXTURE AND MICROSTRUCTURE OF HALLOUMI CHEESE

41

Correlations
Microstructure

Journal of Dairy Science Vol. 94 No. 1, 2011

59

42

AYYASH ET AL.

CONCLUSIONS

REFERENCES

Journal of Dairy Science Vol. 94 No. 1, 2011

60

6. Chapter 6: The effect of substituting NaCl with KCl on Nabulsi cheese:
Chemical composition, total viable count, and texture profile
Introduction
Chapter six covers the effect of NaCl substitution with KCl on chemical composition,
microbiological quality, proteolysis and physical properties of Nabulsi cheese during
storage at room temperature for 5 months. Sensory evaluation of Nabulsi cheese is
presented in Appendix A. A paper entitled the effect of substituting NaCl with KCl on
Nabulsi cheese: Chemical composition, total viable count, and texture profile by
Ayyash M.M and N.P Shah was published in the peer reviewed Journal of Dairy
Science 94(6):2741-2751. The microstructure images in this chapter are enlarged in
Appendix C, pages 170-171.
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7. Chapter 7: The effect of substitution of NaCl with KCl on chemical
composition and functional properties of low-moisture Mozzarella cheese
Introduction
Chapter seven examines the effect of NaCl substitution with KCl on chemical
composition, organic acids profile and functional properties of low-moisture Mozzarella
cheese. A paper entitled the effect of substitution of NaCl with KCl on chemical
composition and functional properties of low-moisture Mozzarella cheese by Ayyash
M.M and N.P Shah was published in the peer reviewed Journal of Dairy Science
94(8):3761-3768
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8. Chapter 8: Proteolysis of low-moisture Mozzarella cheese as affected by
substitution of NaCl with KCl
Introduction
Chapter eight investigates the effect of partial substitution of NaCl with KCl on
proteolysis, production of ACE-inhibitory peptides and lactic acid bacterial growth
during ripening. A paper entitled proteolysis of low-moisture Mozzarella cheese as
affected by substitution of NaCl with KCl by Ayyash M.M and N.P Shah was published
in the peer reviewed Journal of Dairy Science 94(8):3769-3777.
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9. Chapter 9: Effect of Partial NaCl Substitution with KCl on the texture profile,
microstructure, and sensory properties of low-moisture mozzarella cheese
Introduction
Chapter nine investigates the effect of partial substitution of NaCl with KCl on the
texture profile, microstructure, and sensory evaluation of LMMC and examines the
relationship between soluble Ca2+ and texture profile as affected by NaCl substitution.
A paper entitled The Effect of Partial NaCl Substitution with KCl on the texture profile,
microstructure, and sensory properties of low-moisture Mozzarella cheese by Ayyash,
M. M., F. Sherkat, and N. P. Shah was accepted for publication in the peer reviewed
Journal of Dairy Research, 80:7-13. The microstructure images in this chapter are
enlarged in Appendix C, page 172.
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10. Chapter 10: The Effect of NaCl Substitution with KCl on Akawi Cheese:
Chemical Composition, Proteolysis, ACE-inhibitory activity, Probiotic
survival, Texture Profile and Sensory Properties.
Introduction
Chapter ten investigates the effect of salt substitution with KCl on chemical
composition, proteolysis and ACE-inhibitory activity, probiotic survival, texture profile
and sensory properties of probiotic Akawi cheese. A paper entitled The Effect of Partial
NaCl Substitution with KCl on the Texture Profile, Microstructure, and Sensory
Properties of Low-Moisture Mozzarella Cheese by Ayyash, M. M., F. Sherkat, and N.
P. Shah was published in the peer reviewed Journal of Dairy Science 95:4747 - 4759
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11. Chapter 11: The impact of NaCl substitution with KCl on proteinase activities
of cell-free extract and cell-free supernatant at different pH levels and salt
concentrations: Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus
thermophilus
Introduction
Chapter eleven aims are to: 1) investigates the effect of full and partial salt substitution
with KCl on the proteinase activities of cell-free and supernatant of common cheese
starter cultures; Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus
thermophilus at different pH levels (6.0, 5.5, 5.0) and salt concentration (5% and 10%).
The pH levels and salt concentrations were selected in order to cover the variation in
cheese pH and brining solution used during cheese production. 2) Examines the
production of ACE-inhibitory peptides and proteolytic activity of the bacterial
proteinases in cell-free extract and cell-free supernatant after incubation with milk
caseins ( -, -, or -casein). A paper entitled the impact of NaCl substitution with KCl
on proteinase activities cell-free extract and cell-free supernatant at different pH levels
and salt concentrations: Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus
thermophilus by Ayyash, M. M., F. Sherkat, and N. P. Shah was published in Journal of
Food Science 77(8):M490-M498.
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on Proteinase Activities Cell‐Free Extract and Cell‐Free Supernatant at Different pH Levels
and Salt Concentrations: Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus
thermophilus. Journal of Food Science, 77: M490-M498. doi:10.1111/j.1750-3841.2012.
02802.x
The full-text of this article is subject to copyright restrictions, and cannot be included in
the online version of the thesis.
The full-text is availble from: https://onlinelibrary.wiley.com/doi/abs/10.1111/j.17503841.2012.02802.x

12. Chapter 12: The effect of NaCl substitution with KCl on proteinase activities of
cell-free extract and cell-free supernatant at different pH levels and salt
concentrations: Lactobacillus acidophilus and Latobacillus casei
Introduction
Chapter twelve covers the effects of full and partial salt substitution on proteinases
activities of two probiotic cultures; Lactobacillus acidophilus and Lactobacillus casei at
different pH levels and salt concentrations. It also investigates the effect of salt
substitution with KCl on these proteinases ability to produce ACE-inhibitory peptides
from pure milk caseins individually. A paper entitled the impact of NaCl substitution
with KCl on proteinase activities cell-free extract and cell-free supernatant at different
pH levels and salt concentrations: Lactobacillus acidophilus and Latobacillus casei by
Ayyash, M. M., F. Sherkat, and N. P. Shah was published in Journal of Dairy Science
96:40-49
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13. Chapter 13: Conclusions, further research and recommendations
13.1. Conclusions
This study shows that KCl can be used successfully to partially substitute NaCl during
cheese production and ripening. Chemical composition (moisture, protein, fat, ash, and
pH), texture profile (hardness, adhesiveness, cohesiveness, and gumminess),
microstructure and sensory properties of partially substituted cheeses were similar
compared with the control.
Moisture content of cheese is affected by several factors during production and
ripening. Salt (NaCl) addition is a major factor that affects the moisture content in
cheese. The chemical composition differed insignificantly between experimental
cheeses. This implies that the differences in molecular weight between KCl molecules
(74.55 g/mol) and NaCl (58.44 g/mol) did not significantly affect the chemical
composition of cheeses. Similarly, texture profile of experimental cheeses partially
salted by NaCl/KCl mixture showed no significant difference compared with control.
Chemical composition especially moisture content is highly related to texture profile of
cheese. This study showed that KCl molecules may diffuse and interact with cheese
components in the same way as the NaCl molecules do.
Sensory attributes of experimental cheeses salted by different NaCl/KCl mixtures were
similar compared with control. Among the experimental cheeses salted with NaCl:KCl
mixtures, the mixtures 3NaCl:1KCl and 1NaCl:1KCl had similar scores compared with
control. This suggests that 50% partial substitution of NaCl with KCl could be the
maximum salt replacement could be performed in cheese production. The presence of
NaCl in the salting or brining might maintains the salty taste and masks the bitterness
taste derived from KCl.
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This study shows that replacement of NaCl with KCl affected insignificantly the
primary proteolysis stage in cheeses which water soluble nitrogen (WSN) is an indicator
to estimate this stage. Primary proteolysis occurred as a result of rennet action remains
in cheese curd and/or indigenous milk enzymes. Hence, salt substitution with KCl did
not significantly affect the rennet and indigenous milk enzymes activities. Replacement
of NaCl with KCl insignificantly affected the intermediate stages of proteolysis which
12% TCA-SN is used as indicator to evaluate this stage.
The advanced stage of proteolysis was significantly affected by salt substitution with
KCl. In this stage, the bacterial enzymes hydrolyse the large peptides to tripeptides,
dipeptides and free amino acids. This implies that replacement of NaCl with KCl
significantly affected the activity of proteolytic enzymes secreted by starter cultures.
In conclusion, this study shows that KCl could be successfully used to partially
substitute salt during cheese production. Overall characteristics of cheeses salted with
NaCl/KCl mixtures were similar with control cheese (only NaCl). However, proteolysis
of these cheeses salted with NaCl/KCl mixtures differed than control. KCl did not
maintain the cheese proteolysis as it was with NaCl. The presence of KCl affected the
proteolytic agents in cheese. The 1NaCl:1KCl mixture was the maximum salt
substitution could be used in cheese production with satisfactory characteristics. This
project shows that the effect of salt substitution is dependent in cheese type. Also, it
shows that salt substitution affected the proteolytic activities of the starter culture and
probiotic proteinases. However, the mechanism of this effect is still unclear.
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13.2. Further research and recommendations
Further investigations are required to explore the impact of salt substitution on
proteolytic agents in cheese (rennet, indigenous milk enzymes and bacterial enzymes).
Model cheeses could be used to examine the effect of salt substitution on the activities
of chymosin and indigenous milk enzymes remain in cheese. The influence of salt
replacement on the activity of starter culture proteinases should be examined intensely.
The effect of salt replacement on these enzymes should be tested individually in
artificial media with pure milk caseins as substrate. In the artificial media, we able to
control the other factors effect which could interfere with salt replacement treatment.
These proteinases must be extracted and purified and then test their proteolytic activity
in presence of KCl. Worthwhile information will be accomplished if the future studies
investigate the effect of salt replacement on caseins hydration, individually, which in
turn would affect proteolysis level in cheese. Model cheese could be used to investigate
the effect of salt replacement on caseins hydration. The experiment conditions (moisture
content, protein, pH

etc.) are much controllable in cheese model and would be first

step before investigating the real cheeses.
Lipolysis in cheeses of this study did not play a significant role could affect the overall
quality of cheeses. However, the effect of salt substitution on lipolytic enzymes in
cheeses needs to be investigated deeply. The lipolytic enzymes in cheese should be
extracted and then test the effect of salt replacement with KCl on their activities
individually.
One of the major challenges associates with salt replacement is the sensory properties of
cheeses. The impact of salt replacement with KCl on sensory properties of cheeses
during storage should be intensely investigated. The studies should focus on how to
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mask bitterness of KCl in cheese in order to increase the replacement ratio of NaCl with
KCl.
A valuable knowledge will be achieved when expand the applications of salt
replacement on other cheeses types especially the high salt content due to the
individuality of each cheese characteristics and manufacturing. A great knowledge
would be gained if this salt replacement technique is applied on mould-ripened cheeses.
Hence, the effect of salt substitution mould ripening will be investigated.
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15. Appendices
Appendix A: Sensory evaluation of Halloumi and Nabulsi cheeses
This supplementary section provides results of sensory properties of Halloumi and
Nabulsi cheeses brined in four different salt treatments (A = NaCl only (control); B =
3NaCl:1KCl (w/w); C = 1NaCl:1KCl (w/w); D = 1NaCl:3KCl (w/w)). Due to the delay
in Victoria Universitys Human Ethics Committee approval, the sensory results of
Halloumi and Nabulsi cheeses were not publish together with previous results.
Ten panellists were recruited for assessing sensory attributes and all signed a Victoria
University Human Subjects Consent Form. The panellists were familiar with basic
sensory evaluation techniques for cheeses and were further trained for their ability to
detect creaminess, bitterness, saltiness, sour-acid, and vinegar taste and to rank products
with different concentration of lactic acid, acetic acid, sodium chloride and caffeine
from lowest intensity to highest intensity in water and in cream cheese. Tests were
repeated until the panellists were able to rank different intensity of lactic acid, acetic
acid, sodium chloride and caffeine in both water and cream cheese. The panellist
questionnaire and scoring form is presented in the Appendix B. Prior to sensory
evaluation, they also participated in briefing sessions. Sensory evaluation was
conducted for Halloumi and Nabulsi cheeses at different storage period using ranking
sensory test. Cheese samples were removed from the refrigerator tempered at room
temperature (20°C) for 1 h and cut into pieces (~ 2 cm3) and placed on white plates
coded with random numbers. The panellists evaluated 12 cheese samples over three
sessions (4 samples per session) and water was provided to cheese panellists between
each sample. The panellists were asked to score the following attributes: creaminess,
bitterness, saltiness, sour- acid, and vinegar tests from 1 (not detected) to 10 (extreme).
The definitions of sensory attributes and references are presented Table 4.
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Table 4: The description of sensory evaluation attributes
Attribute
Definition
Creaminess Flavour associated with fresh milk, creamy
product, condensed milk.
Bitterness
Chemical-like, aspirin, taste sensation of caffeine
Saltiness
Fundamental taste sensation of which sodium
chloride is typical
Sour-acid
Fundamental taste sensation of citric acid
Vinegar
Flavour associated with vinegar

References
UHT cream with 35% fat
0.06% Caffeine
1.0% NaCl
0.08% Citric acid
Vinegar (~ 4%)
market

Table 4 defines the five sensory attributes in order for panelists to have better
understanding of these attributes. UHT milk from market was mixed with cream to
increase fat content to 35%. This 35% fat UHT milk was used as reference to
creaminess taste. Caffeine, citric acid, and sodium chloride were separately dissolved in
drinkable water by 0.06%, 0.08%, and 1%, respectively, to be used as reference to
bitterness, sour-acid, and saltiness respectively. White vinegar (~ 4%) was purchased
from local market and used as reference to vinegar taste. One-way ANOVA was
performed to investigate significant difference at P < 0.05 between experimental
cheeses at the same storage period. Fisher`s test (least significant difference, LSD) was
carried out to examine differences between means of experimental cheeses at the same
storage period (least significant difference, LSD).
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a) Sensory evaluation of Halloumi cheese
The effect of salt replacement with KCl on sensory properties of Halloumi cheese
during storage is presented in Table 5. Analysis of variance showed that salt
replacement with KCl had no significant effect (P > 0.05) on the five sensory attributes.
Table 5: Sensory evaluation of Halloumi cheeses kept in 18% brines at 4 levels of NaCl
and KCl during storage for 56 days at 4ºC
Storage (day)
14

Salting1
A
B
C
D

Creaminess
3.90±0.78a
4.25±0.89a
3.70±0.80a
4.60±0.92a

Bitterness
2.60±0.62a
2.90±0.64a
2.90±0.53a
3.15±0.47a

Saltiness
8.45±0.54a
8.75±0.47a
8.35±0.51a
7.80±0.53a

Sour-acid
2.85±0.58a
2.85±0.54a
3.00±0.60a
3.15±0.60a

Vinegar
2.40±0.58a
3.00±0.65a
2.80±0.83a
2.60±0.72a

28

A
B
C
D

4.15±0.68a
4.40±0.73a
4.40±0.75a
4.35±0.80a

2.50±0.34a
2.90±0.41a
3.05±0.37a
2.80±0.44a

7.50±0.78a
7.70±0.76a
7.75±0.67a
7.60±0.75a

3.65±1.15a
2.65±0.53a
2.00±0.33a
2.30±0.37a

2.30±0.58a
2.60±0.54a
2.10±0.48a
2.00±0.37a

56

A
B
C
D

5.40±0.73a
5.00±0.67a
4.15±0.89a
4.60±0.97a

3.30±0.63a
3.10±0.57a
3.25±0.63a
3.90±0.71a

7.40±0.70a
7.25±0.63a
7.60±0.56a
7.90±0.62a

2.65±0.48a
2.25±0.31a
2.30±0.45a
3.05±0.50a

2.60±0.76a
2.35±0.41a
2.75±0.66a
3.20±0.74a

1

Salt treatment: A = NaCl only (control); B = 3NaCl:1KCl (w/w); C = 1NaCl:1KCl
(w/w); D = 1NaCl:3KCl (w/w)
aa
Means in each column and at the same storage time with same letter did not differ
significantly (P > 0.05).
At the same storage time, no significant differences (P > 0.05) in creaminess, bitterness,
saltiness, sour-acid, and vinegar were observed among experimental Halloumi cheeses
(Tables 5). These results are in agreement with those of Katsiari et al. (1997; 1998) who
reported no significant difference in sensory attributes between cheeses made with
NaCl/KCl mixture compared with the control Feta and Kefalograviera cheeses. Also,
these results are in accordance with results of low-moisture Mozzarella and Akawi
cheeses (chapters 9 and 10). This suggests that cheeses salted with NaCl/KCl mixture
had similar sensory attributes with the control. However, during storage at the same
salting treatment bitterness scores increased (P > 0.05) in experimental cheeses (Table
5). Saltiness decreased (P > 0.05) after day 14 of storage in all experimental Halloumi
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cheeses. The increase in bitterness may be attributed to the increase in salt replacement
with KCl.
b) Sensory evaluation of Nabulsi cheese
Sensory evaluation results of Nabulsi cheeses brined in 18% brines at 4 levels of NaCl
and KCl during storage for 5 months at room temperature are presented in Table 6.
Table 6: Sensory evaluation of Nabulsi cheeses kept in 18% brines at 4 levels of NaCl
and KCl during storage for 5 months at room temperature
Storage (month)
1

Salting1
A
B
C
D

Creaminess
4.20±0.77a
4.05±0.68a
3.90±0.55a
3.85±0.73a

Bitterness
2.40±0.45a
2.50±0.40a
2.60±0.54a
3.90±0.74a

Saltiness
5.90±0.80a
5.15±0.77a
5.60±0.56a
6.50±0.73a

Sour-acid
2.20±0.61a
2.15±0.47a
2.85±0.65a
2.55±0.46a

Vinegar
1.90±0.38a
2.00±0.49a
2.20±0.59a
2.20±0.39a

3

A
B
C
D

3.90±0.46a
4.25±0.49a
4.50±0.69a
3.85±0.61a

3.90±0.81a
3.30±0.63a
3.30±0.67a
3.10±0.69a

6.65±0.68a
6.70±0.73a
6.60±0.76a
5.70±0.63a

2.85±0.56a
2.75±0.45a
2.40±0.48a
2.60±0.48a

2.40±0.54a
2.30±0.50a
2.15±0.38a
2.45±0.51a

5

A
B
C
D

3.70±0.56a
3.40±0.60a
3.20±0.65a
3.70±0.62a

2.85±0.58a
3.05±0.65a
3.00±0.56a
3.50±0.64a

5.95±0.58a
6.00±0.60a
5.85±0.65a
6.30±0.54a

2.60±0.40a
2.50±0.40a
2.60±0.48a
2.45±0.44a

2.15±0.39a
2.40±0.45a
2.70±0.68a
2.80±0.83a

1

Salting: A = NaCl only (control); B = 3NaCl:1KCl (w/w); C = 1NaCl:1KCl (w/w); D =
1NaCl:3KCl (w/w)
a  a
Means in each column and at the same storage with same letter did not differ
significantly (P > 0.05).
Creaminess, bitterness, saltiness, sour-acid, and vinegar showed no significant
differences (P > 0.05) between experimental Nabulsi cheeses at the same storage period.
These results agree with Halloumi cheese sensory results (Table 6) and LMMC (chapter
10). This suggests that cheeses salted with NaCl/KCl mixtures had similar sensory
attributes with the control (only NaCl). The presence of NaCl during brining might
mask the bitterness of KCl (Guinee, 2004b).

164

Appendix B: Panellist questionnaire

Panellist questionnaire and scoring form
Name:
Age:
Gender:
Description of attributes
Creamy/ milky: flavour associated with fresh milk, creamy product,
condensed milk.
Sour-acid: sour, taste sensation of lactic or citric acid.
Vinegary: flavour associated with vinegar.
Bitterness: chemical-like, aspirin, taste sensation of caffeine.
Saltiness: salty taste
Attributes grading
Creamy / milky 1 = not creamy 10 = extremely creamy
Sour- acid 1 = not acidic 10 = extremely acidic
Vinegary 1 = not detected 10 = high intensity
Bitterness 1 = not bitter 10 = extremely bitter
Saltiness 1 = absent 10 = extremely salty
Attributes

H1
1

2

H2
3

4

5

6

7

8

9

H3
10
11

12

N3
22
23

24

Creamy
Bitterness
Saltiness
Sour-acid
Vinegary
Attributes

N1
14
15

N2
18
19

13
16
17
20
21
Creamy
Bitterness
Saltiness
Sour-acid
Vinegary

H1, H2, and H3 = Halloumi cheese at day 0, 14 and 28 of ripening, respectively.

N1, N1, and N3 = Nabulsi cheese at month 0, 3 and 5 of ripening, respectively
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Appendix C: ESEM images

HA

HB

HC

HD

Figure 6: Environmental scanning electron micrograph (ESEM) of Halloumi cheese
made with HA = only NaCl (control); HB = salt with 3NaCl:1KCl (w/w); HC = salt
with 1NaCl:1KCl (w/w); HD = salt with 1NaCl:3KCl (w/w), at 14 day of storage.
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Figure 7: Environmental scanning electron micrograph (ESEM) of Halloumi cheese
made with HA = only NaCl (control); HB = salt with 3NaCl:1KCl (w/w); HC = salt
with 1NaCl:1KCl (w/w); HD = salt with 1NaCl:3KCl (w/w), at 28 day of storage.
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Figure 8: Environmental scanning electron micrograph (ESEM) of Halloumi cheese
made with HA = only NaCl (control); HB = salt with 3NaCl:1KCl (w/w); HC = salt
with 1NaCl:1KCl (w/w); HD = salt with 1NaCl:3KCl (w/w), at 42 day of storage.
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Figure 9: Environmental scanning electron micrograph (ESEM) of Halloumi cheese
made with HA = only NaCl (control); HB = salt with 3NaCl:1KCl (w/w); HC = salt
with 1NaCl:1KCl (w/w); HD = salt with 1NaCl:3KCl (w/w), at 56 day of storage.
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Figure 10: Environmental scanning electron micrograph (ESEM) of Nabulsi cheeses
kept with 4 levels of NaCl and KCl; A = NaCl only (control); B = 3NaCl : 1KCl (w/w);
C = 1NaCl : 1KCl (w/w); D = 1NaCl : 3KCl (w/w), during storage for 0 month at room
temperature.
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Figure 11: Environmental scanning electron micrograph (ESEM) of Nabulsi cheeses
kept with 4 levels of NaCl and KCl; A = NaCl only (control); B = 3NaCl : 1KCl (w/w);
C = 1NaCl : 1KCl (w/w); D = 1NaCl : 3KCl (w/w), during storage for 5 months at room
temperature.
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Figure 12: The ESEM images of 4 experimental LMMC samples; A = NaCl only
(control); B = 3NaCl:1KCl (w/w); C = 1NaCl:1KCl (w/w); D = 1NaCl:3KCl (w/w) at
day 27 of storage.
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