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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. Low-

moisture 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 ACE-

inhibitory 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 
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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 
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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 peer-

reviewed 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 Review
1
 

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, 

                                                 
1A 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 Sodium content 
 (mg)/100g 

Food Ingredients and additives: Herbs, seasonings and spices 3 � 27,380 
Beverages: Alcoholic & non-alcoholic (mg/100mL) 1 - 370 
Cereals and cereal products 1 � 9,747 
Dairy and dairy products 2 � 3,728 
Fruits and fruit products 1 - 116 
Vegetables and vegetable products  1 � 2,070 
Meats and meat products 22 � 3,700 
Snack foods 1 � 8,330 
Confectionery and sweet spreads 1 - 700 
Retrieved from NUTTAB, 2010  
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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 S/M2 
Nabulsi 8.8 45.2 19.0 
Domiate 6.0 55.1 10.9 
Feta 4.5 63.3 5.7 
Blue 4.5 42.2 10.5 
Romano-type 4.1 30.0 13.8 
Halloumi 3.0 46.6 6.4 
Camembert 2.5 52.2 4.8 
Gouda 2.4 39.0 4.9 
Cheddar 1.7 37.3 4.1 
Mozzarella  1.4 46.3 3.1 
Emmenthal 0.7 38.7 2.0 

1 (Guinee and Fox, 2004; Toufeili and Ozer, 2006). 
2 Salt-in-moisture 

 

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 El-

Salam 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 Cl- 

into 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-in-

moisture 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 low-

moisture 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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The full-text of this article is subject to copyright restrictions, and cannot be included in the online version of the thesis.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.xThe 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



The full-text of this article is subject to copyright restrictions, and cannot be included in the onlineversion of the thesis.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.xThe 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. 
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  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

  8LI IJJIGX SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P SR 
XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI SJ ,EPPSYQM GLIIWI 
[EW MRZIWXMKEXIH� *SYV FEXGLIW SJ ,EPPSYQM GLIIWI [IVI 
QEHI ERH OITX MR � HMJJIVIRX FVMRI WSPYXMSRW ���	� 
[X�[X
� MRGPYHMRK %
 2E'P SRP]� &
 �2E'P��/'P� '
 
�2E'P��/'P� ERH (
 �2E'P��/'P ERH XLIR WXSVIH EX 
��' JSV �� H� 8LI XI\XYVI TVSJMPI [EW EREP]^IH YWMRK ER 
-RWXVSR YRMZIVWEP QEGLMRI� [LIVIEW ER IRZMVSRQIRXEP 
WGERRMRK IPIGXVSR QMGVSWGSTI [EW YWIH XS MRZIWXMKEXI 
XLI IJJIGX SJ 2E'P WYFWXMXYXMSR SR XLI QMGVSWXVYGXYVI SJ 
GLIIWIW� 2S WMKRMJMGERX HMJJIVIRGI [EW JSYRH MR LEVHRIWW� 
GSLIWMZIRIWW� EHLIWMZIRIWW� ERH KYQQMRIWW EQSRK I\�
TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI HE]� ,EVHRIWW� 
GSLIWMZIRIWW� ERH KYQQMRIWW HIGVIEWIH WMKRMJMGERXP] 
HYVMRK WXSVEKI TIVMSH [MXL XLI WEQI WEPX XVIEXQIRX� 
[LIVIEW EHLIWMZIRIWW WMKRMJMGERXP] MRGVIEWIH� )RZM�
VSRQIRXEP WGERRMRK IPIGXVSR QMGVSWGSTI QMGVSKVETLW 
WLS[IH E GSQTEGX ERH GPSWIH XI\XYVI JSV GLIIWIW EX XLI 
WEQI WXSVEKI TIVMSH� 8LI QMGVSWXVYGXYVI SJ EPP GLIIWIW 
FIGEQI QSVI GPSWIH ERH GSQTEGX [MXL WXSVEKI TIVMSH� 
'EPGMYQ GSRXIRX RIKEXMZIP] GSVVIPEXIH [MXL LEVHRIWW 
ERH 2E ERH / GSRXIRXW HYVMRK WXSVEKI [MXL XLI WEQI 
WEPX XVIEXQIRX� 
  /I] [SVHW�    ,EPPSYQM GLIIWI �  XI\XYVI TVSJMPI �  IRZMVSR�
QIRXEP WGERRMRK IPIGXVSR QMGVSWGSTI �  QMGVSWXVYGXYVI 

  INTRODUCTION 

  ,EPPSYQM GLIIWI MW E XVEHMXMSREP ']TVYW GLIIWI QEHI 
JVSQ SZMRI� GETVMRI� ERH FSZMRI QMPO �%RMJERXEOMW ERH 
/EQMREVMHIW� ����
� 6IGIRXP]� ,EPPSYQM GLIIWI LEW FI�
GSQI TSTYPEV MR XLI 1MHHPI )EWXIVR GSYRXVMIW �/EQM�
REVMHIW IX EP�� ����
 ERH LEW KEMRIH ER MRXIVREXMSREP EG�
GITXERGI MR XLI )YVSTIER 9RMSR ERH XLI 9RMXIH 7XEXIW 
�4ETEHIQEW ERH 6SFMRWSR� ����� 8EQMQI� ����
� 

2SVQEPP]� MXW GSPSV ZEVMIW JVSQ [LMXMWL XS ]IPPS[MWL� HI�
TIRHMRK SR XLI QMPO WSYVGI �6SFMRWSR� ����
� ,IEXMRK 
,EPPSYQM TMIGIW EX �� XS ���' MR LIEX�HITVSXIMREXIH 
[LI] JSV �� QMR MW GSRWMHIVIH E HMWXMRGXMZI TVSGIWW�
MRK WXIT HYVMRK GLIIWI QERYJEGXYVMRK� ,EPPSYQM GLIIWI 
MW YWYEPP] WXSVIH MR �� XS ��	 FVMRI WSPYXMSR EX ��' 
�%FH )P�7EPEQ ERH %PMGLERMHMW� ����
� %PXLSYKL WEPX 
MRJPYIRGIW GLIIWI GLEVEGXIVMWXMGW� MRGPYHMRK TVSXISP]WMW� 
PMTSP]WMW� XI\XYVI TVSJMPI� ERH JPEZSV� ERH XVEHMXMSREPP] 
LEW FIIR YWIH EW E TVIWIVZEXMZI �+YMRII ERH *S\� ����
� 
MX GEYWIW WIVMSYW LIEPXL MWWYIW JSV GSRWYQIVW� % LMKL 
TSWMXMZI EWWSGMEXMSR FIX[IIR 2E'P MRXEOI ERH L]TIV�
XIRWMSR LEW FIIR VITSVXIH �*SVWLII� ����
� 7MQMPEVP]� E 
TSWMXMZI GSVVIPEXMSR LEW FIIR JSYRH FIX[IIR WEPX MRXEOI 
ERH SWXISTSVSWMW ERH OMHRI] WXSRIW �1EWWI] ERH ;LMX�
MRK� ����� 1EWWI]� ����� ,IERI]� ����
� 8LI HMIXEV] 2E 
MRXEOI SJ 2E'P EQSRK TISTPI MR HIZIPSTIH GSYRXVMIW 
MW �� XS �� XMQIW LMKLIV XLER XLI VIGSQQIRHIH HEMP] 
MRXEOI SJ ��� K SJ WSHMYQ �7LERO IX EP�� ����� /ETPER� 
����� +YMRII� ����
� ,IRGI� XLIVI LEW FIIR E XVIRH XS 
HIGVIEWI 2E'P GSRXIRX MR JSSH �6IHH] ERH 1EVXL� ����� 
+YMRII� ����
� LS[IZIV� E VIHYGXMSR MR WEPX EHZIVWIP] 
EJJIGXW XLI GLEVEGXIVMWXMGW SJ GLIIWIW ERH SXLIV JSSHW 
�4IXMO� ����� /EXWMEVM ERH :SYXWMREW� ����E� .SLRWSR 
IX EP�� ����
� 2YQIVSYW WXYHMIW LEZI FIIR GEVVMIH SYX 
XS HIGVIEWI 2E GSRXIRX MR GLIIWIW F] WYFWXMXYXMRK 2E'P 
[MXL /'P �>SVVMPPE ERH 6YFMSPS� ����� /EXWMEVM IX EP�� 
����� 7MLYJI IX EP�� ����
� %R I\GIWW SJ HMIXEV] MRXEOI 
SJ /'P LEW RS YRHIWMVEFPI IJJIGX SR TISTPI [MXL 2E�
MRHYGIH L]TIVXIRWMSR �0IQERR IX EP�� ����
� 

  -R KIRIVEP� XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI SJ 
GLIIWIW EVI MQTSVXERX TEVEQIXIVW� 7EPXMRK SJ GLIIWIW EJ�
JIGXW XLI XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI HMVIGXP] SV 
MRHMVIGXP]� 7IZIVEP WXYHMIW LEZI MRZIWXMKEXIH XLI IJJIGX 
SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P SR XLI XI\XYVI 
TVSJMPI SJ GLIIWIW� *MX^KIVEPH ERH &YGOPI] �����
 VI�
TSVXIH XLEX XLI XI\XYVI TVSJMPI SJ 'LIHHEV GLIIWI QEHI 
[MXL E 2E'P ERH /'P QM\XYVI [EW WMQMPEV GSQTEVIH 
[MXL XLEX SJ XLI GSRXVSP �SRP] 2E'P
� /EXWMEVM IX EP� 
������ ����
 VITSVXIH WMQMPEV VIWYPXW JSV *IXE ERH /I�
JEPSKVEZMIVE GLIIWIW� VIWTIGXMZIP]� ,S[IZIV� MRJSVQEXMSR 
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MW PEGOMRK SR XLI XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI SJ 
,EPPSYQM GLIIWI EW E VIWYPX SJ VIHYGXMSR MR XLI WEPX PIZIP� 
-R XLMW WXYH]� SYV SFNIGXMZIW [IVI XS MRZIWXMKEXI XLI 
IJJIGX SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P SR XLI 
XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI SJ ,EPPSYQM GLIIWI 
HYVMRK WXSVEKI EX ��' JSV �� H�

MATERIALS AND METHODS

Cheesemaking

,SQSKIRM^IH ERH TEWXIYVM^IH JYPP JEX FSZMRI QMPO 
��	 JEX
 [EW TYVGLEWIH JVSQ E PSGEP HEMV] TPERX �1IP�
FSYVRI� :MGXSVME� %YWXVEPME
� ,EPPSYQM GLIIWI [EW QER�
YJEGXYVIH EGGSVHMRK XS %PMGLERMHMW ERH 4SP]GLVSRMEHSY 
�����
 [MXL WSQI QSHMJMGEXMSRW� -R FVMIJ� QMPO ��� 0
 
[EW XIQTIVIH XS ���'� ERH WXEVXIV GYPXYVI GSRWMWXMRK SJ 
7XVITXSGSGGYW XLIVQSTLMPYW ERH 0EGXSFEGMPPYW HIPFVYIGOMM 
WWT� FYPKEVMGYW [EW EHHIH EGGSVHMRK XS QERYJEGXYVIV 
MRWXVYGXMSRW �'LV� ,ERWIR� &E]W[EXIV� :MGXSVME� %YW�
XVEPME
� %JXIV �� QMR SJ VMTIRMRK� � Q0 SJ GL]QSWMR 
�'L]�1E\� 'LV� ,ERWIR
 HMPYXIH MR ��� Q0 SJ HMWXMPPIH 
[EXIV [EW EHHIH XS QMPO� JSPPS[IH F] QM\MRK JSV � QMR� 
8LI QMPO GSEKYPEXIH MR �� QMR ERH XLI GYVH [EW GYX 
MRXS � GQ� GYFIW ERH PIX WXERH JSV �� QMR� JSPPS[IH F] 
WXMVVMRK JSV �� QMR EX ���'� 8LI GYVH [EW XVERWJIVVIH 
MRXS GLIIWIGPSXL ERH [LI] [EW HVEMRIH� 8LI GYVH [EW 
TVIWWIH JSV �� QMR� IEGL � OK SJ GYVH [EW TVIWWIH [MXL 
E ���OK [IMKLX� 4VIWWIH GYVH [EW GYX MRXS � » � » ��GQ 
PSEZIW ERH LIEXIH MR LIEX�HITVSXIMRM^IH [LI] EX �� XS 
���' JSV �� QMR� 'LIIWIW [IVI VERHSQP] HMWXVMFYXIH 
MRXS � HMJJIVIRX FVMRI WSPYXMSRW ���	� [X�[X
 QEHI 
JVSQ HMJJIVIRX 2E'P�/'P VEXMSW EW JSPPS[W� 2E'P SRP] 
�%� GSRXVSP
� �2E'P��/'P �&
� �2E'P��/'P �'
� ERH 
�2E'P��/'P �(
� 'LIIWIW MR FVMRI WSPYXMSRW [IVI WXSVIH 
EX ��' ERH WEQTPIW [IVI XEOIR JSV HIXIVQMREXMSR SJ 
XI\XYVI TVSJMPI� QMGVSWXVYGXYVI� ERH 2E� /� ERH 'E GSR�
XIRXW EX �� ��� ��� ��� ERH �� H SJ WXSVEKI� )\TIVMQIRXEP 
GLIIWIW [IVI VITPMGEXIH � XMQIW�

Chemical Composition

1SMWXYVI [EW HIXIVQMRIH F] XLI SZIR�HV]MRK QIXLSH 
EX ����'� JEX F] XLI &EFGSGO QIXLSH� TVSXIMR F] XLI 
/NIPHELP QIXLSH� ERH EWL F] XLI QYJJPI JYVREGI QIXLSH 
EGGSVHMRK XS XLI %3%' QIXLSHW �%3%' -RXIVREXMSREP� 
����
� *SV T, QIEWYVIQIRX� KVEXIH GLIIWI ��� K
 [EW 
QEGIVEXIH [MXL �� Q0 SJ HMWXMPPIH [EXIV� ERH XLI T, 
SJ XLI VIWYPXERX WPYVV] [EW QIEWYVIH YWMRK E GEPMFVEXIH 
HMKMXEP T, QIXIV �1IXIV0EF� 4EGMJMG 0EFSVEXSV] 4VSH�
YGXW� &PEGOFYVR� :MGXSVME� %YWXVEPME
� %REP]WIW [IVI 
GEVVMIH SYX MR UYEHVYTPMGEXI�

Texture Profile Analysis

8I\XYVI TVSJMPI �LEVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� 
ERH KYQQMRIWW
 [EW EREP]^IH EGGSVHMRK XS &LEWOEVE�
GLEV]E ERH 7LEL �����
 [MXL WSQI QSHMJMGEXMSRW� ']P�
MRHIVW SJ �� » ���QQ GLIIWIW [IVI GYX JVSQ ,EPPSYQM 
GLIIWI FPSGOW EX XLI GIRXIV� 7TIGMQIRW [IVI OITX MR E 
VIJVMKIVEXSV EX ��' SZIVRMKLX� JSPPS[IH F] HIXIVQMREXMSR 
SJ XI\XYVI TVSJMPI� ,EVHRIWW� GSLIWMZIRIWW� EHLIWMZI�
RIWW� ERH KYQQMRIWW [IVI QIEWYVIH YWMRK ER -RWXVSR 
YRMZIVWEP XIWXMRK QEGLMRI �QSHIP ����� -RWXVSR 0XH�� 
0SRHSR� 9/
 FEWIH SR XLI TVMRGMTPI HIWGVMFIH F] 4SRW 
ERH *MW^QER �����
� 8LI WEQTPIW [IVI GSQTVIWWIH XS 
��	 SJ XLIMV LIMKLXW YWMRK E ����2 PSEH GIPP [MXL E JPEX 
TPYRKIV ERH XLI GVSWWLIEH QSZIQIRX [EW EHNYWXIH XS 
�� QQ�QMR� (SYFPI GSQTVIWWMSR [EW EGLMIZIH ERH XLI 
HEXE [IVI GSPPIGXIH YWMRK 1IVPMRI WSJX[EVI� %REP]WIW 
[IVI GEVVMIH SYX MR UYEHVYTPMGEXI�

Microstructure by Environmental
Scanning Electron Microscopy

)\TIVMQIRXEP GLIIWI WTIGMQIRW [IVI MQEKIH F] 
*)- 5YERXE IRZMVSRQIRXEP WGERRMRK IPIGXVSR QMGVSW�
GST] �)7)1� 4LMPMTW )PIGXVSR 3TXMGW� )MRHLSZIR� XLI 
2IXLIVPERHW
 YWMRK )7)1 QSHI� -QEKIW [IVI XEOIR EX 
EGGIPIVEXMRK ZSPXEKI EX �� O: YRHIV ���� O4E TVIWWYVI 
ERH ����� » QEKRMJMGEXMSR EX ��'� 7TIGMQIRW [IVI RSX 
GSRHYGXMZMX] GSEXIH FIJSVI MQEKMRK�

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

7SHMYQ� TSXEWWMYQ� ERH GEPGMYQ GSRXIRXW MR GLIIWIW 
[IVI EREP]^IH F] QYPXMX]TI MRHYGXMZIP] GSYTPIH TPEWQE 
EXSQMG IQMWWMSR WTIGXVSQIXV] �-'4)������ 7LMQEH^Y 
7GMIRXMJMG -RWXVYQIRXW �3GIERME
 4X] 0XH� 6]HEPQIVI� 
27;� %YWXVEPME
 EGGSVHMRK XS 'MGLSWGOM IX EP� �����
 
[MXL WSQI QSHMJMGEXMSRW� -R FVMIJ� EJXIV XLI EWL HIXIV�
QMREXMSR SJ GLIIWI WEQTPIW� ER EPMUYSX �ETTVS\MQEXIP] 
��� K
 [EW HMWWSPZIH [MXL �� Q0 SJ �2 ,23� ERH OITX 
JVS^IR �n���'
 YRXMP EREP]^IH [MXL XLI -'4)������ 
7EQTPIW [IVI HMPYXIH ��� XMQIW� JSPPS[IH F] JMPXVEXMSR 
YWMRK ���� �Q QMGVS�W]VMRKIW �1MPPI\� 1MPPMTSVI� &IH�
JSVH� 1%
 FIJSVI HMVIGX MRNIGXMSR MRXS XLI -'4)������ 
8LI -'4)����� GSRWMWXIH SJ ER %7'����� EYXSWEQTPIV� 
L]HVMHI KIRIVEXSV ,:+�-'4� L]HVSJPYSVMG EGMH WEQTPI 
MRNIGXMSR W]WXIQ ,*7��� PS[�XIQTIVEXYVI XLIVQSWXEXMG 
GLEQFIV 2'&������ ERH WSJX[EVI TEGOEKI -'4)������ 
8S GEPGYPEXI 2E� /� ERH 'E GSRGIRXVEXMSRW MR WEQTPIW� 
E WXERHEVH GYVZI GSRWMWXMRK SJ XLI � IPIQIRXW [EW TVI�
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TEVIH EX �� ��� ��� ��� ERH �� QK�OK� %REP]WIW [IVI 
GEVVMIH SYX MR UYEHVYTPMGEXI�

Statistical Analysis

3RI�[E] %23:% [EW YWIH XS XIWX HMJJIVIRGIW EQSRK 
� I\TIVMQIRXEP GLIIWIW JSV IEGL WEPX XVIEXQIRX SV 
WEQTPMRK HE] ERH WMKRMJMGERGI [EW XIWXIH EX 4   ����� 
4IEVWSR GSVVIPEXMSR [EW QIEWYVIH EX 4   ���� FIX[IIR 
EPP ZEVMEFPIW� (EXE [IVI EREP]^IH YWMRK 7%7 WSJX[EVI 
ZIVWMSR ��� �7%7 -RWXMXYXI� ����
�

RESULTS AND DISCUSSION

Chemical Composition

1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW ERH XLI T, 
ZEPYI SJ I\TIVMQIRXEP GLIIWIW EX � H EVI WLS[R MR 8EFPI 

�� %W WLS[R MR XLI XEFPI� WEPX XVIEXQIRX HMH RSX EJ�
JIGX �4 " ����
 XLI GLIQMGEP GSQTSWMXMSR SJ ,EPPSYQM 
GLIIWI EX � H SJ WXSVEKI� 1SMWXYVI� TVSXIMR� EWL� ERH 
JEX GSRXIRXW WLS[IH RS WMKRMJMGERX �4 " ����
 HMJJIV�
IRGIW EQSRK I\TIVMQIRXEP GLIIWIW� 8LMW WYKKIWXW XLEX 
/'P QE] LEZI XLI WEQI IJJIGX EW 2E'P SR ,EPPSYQM 
GLIIWI� 8LIWI JMRHMRKW EVI MR EGGSVHERGI [MXL XLSWI 
SJ /EXWMEVM IX EP� ������ ����
 ERH 6IHH] ERH 1EVXL 
�����
 JSV *IXE� /IJEPSKVEZMIVE� ERH 'LIHHEV GLIIWIW� 
VIWTIGXMZIP]�

Texture Profile Analysis

,EVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� ERH KYQQMRIWW 
VIWYPXW SJ ,EPPSYQM GLIIWIW OITX MR 2E'P SRP] �%
 ERH 
2E'P ERH /'P QM\XYVIW �&� '� ERH (
 EVI TVIWIRXIH 
MR 8EFPI �� 2S WMKRMJMGERX �4 " ����
 HMJJIVIRGI [EW 
JSYRH MR LEVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� ERH 
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� ERH T, ZEPYI SJ ,EPPSYQM GLIIWIW OITX MR FVMRI 
WSPYXMSRW [MXL � PIZIPW SJ 2E'P ERH 2E'P�/'P QM\XYVIW EX � H SJ WXSVEKI� 

7EPX  
XVIEXQIRX� 1SMWXYVI �	
 4VSXIMR �	
 *EX �	
 %WL �	
 T,

% ����� � ���E ����� � ����E ����� � ����E ���� � ����E ���� � ����F
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( ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����E

E�F1IERW MR IEGL GSPYQR [MXL XLI WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�6IWYPXW EVI I\TVIWWIH EW QIER ZEPYIW � 7) SJ � XVMEPW� 
�% ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
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7XSVEKI  
XMQI

7EPX  
XVIEXQIRX� ,EVHRIWW 'SLIWMZIRIWW %HLIWMZIRIWW +YQQMRIWW

H � % ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 & ������ � �����E ����� � �����E ����� � �����E ������ � �����E

 ' ������ � �����E ����� � �����E ����� � �����E ������ � �����E

 ( ������ � �����E ����� � �����E ����� � �����E ������ � �����E

H �� % ������ � �����E ����� � �����E ����� � �����E ������ � �����E

 & ������ � �����E ����� � �����E ����� � �����E ������ � �����E

 ' ������ � �����E ����� � �����E ����� � �����E ������ � �����E

 ( ������ � �����E ����� � �����E ����� � �����E ������ � �����E

H �� % ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 & ������ � �����E ����� � �����F ����� � �����E ����� � �����E

 ' ������ � �����E ����� � �����F ����� � �����E ����� � �����E

 ( ������ � �����E ����� � �����EF ����� � �����E ����� � �����E

H �� % ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 & ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 ' ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 ( ������ � �����E ����� � �����E ����� � �����E ����� � �����E

H �� % ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 & ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 ' ������ � �����E ����� � �����E ����� � �����E ����� � �����E

 ( ������ � �����E ����� � �����E ����� � �����E ����� � �����E

E�F1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL XLI WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " 
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�
�6IWYPXW EVI I\TVIWWIH EW QIER ZEPYIW � 7) SJ � XVMEPW�
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KYQQMRIWW EQSRK I\TIVMQIRXEP GLIIWIW EX XLI WEQI 
WXSVEKI TIVMSH� 8LMW WYKKIWXW XLEX /'P QE] LEZI XLI 
WEQI VSPI MR ,EPPSYQM GLIIWI EW HSIW 2E'P� YT XS ��	 
VITPEGIQIRX �8E]PSV� ����
� 8LIWI SFWIVZEXMSRW EVI MR 
EKVIIQIRX [MXL XLSWI SJ /EXWMEVM IX EP� ������ ����
 ERH 
*MX^KIVEPH ERH &YGOPI] �����
 JSV *IXE� /IJEPSKVEZMIVE� 
ERH 'LIHHEV GLIIWIW� VIWTIGXMZIP]�

*SV XLI WEQI WEPX XVIEXQIRX� %23:% WLS[IH XLEX 
LEVHRIWW ERH KYQQMRIWW HIGVIEWIH WMKRMJMGERXP] �4   
����
 EJXIV � [O SJ WXSVEKI� 8LIWI JMRHMRKW EVI MR EG�
GSVHERGI [MXL XLSWI SJ /EXWMEVM ERH :SYXWMREW �����F
� 
/EXWMEVM IX EP� �����
� ERH >EOM �����
 JSV /IJEPSKVEZM�
IVE ERH (SQMEXM GLIIWIW� 8LMW XVIRH QE] FI EXXVMFYXIH 

XS � VIEWSRW� *MVWX� XLI HIGVIEWI MR 'E SJ ��	 �JVSQ 
ETTVS\MQEXIP] ���� QK����K EX H � XS ETTVS\MQEXIP] 
���� QK���� K EX H ��
 HYVMRK WXSVEKI� PIH XS E VIHYG�
XMSR MR GVSWW�PMROEKIW FIX[IIR GEWIMRW� 8LI 'E HIGVIEWI� 
EXXVMFYXIH XS 'E MSR HMJJYWMSR MR FVMRI WSPYXMSR� QE] 
GEYWI E HIGVIEWI MR GSPPSMHEP 'E� [LMGL� MR XYVR� MRGVIEW�
IW GLIIWI WSJXIRMRK� 7IGSRH� XLI MRGVIEWI MR TVSXIS]PWMW 
�YRTYFPMWLIH HEXE
 HYVMRK WXSVEKI L]HVSP]^IH TVSXIMR 
ERH WSJXIRIH XLI GLIIWI QEXVM\ �+YMRII IX EP�� ����� 
.SWLM IX EP�� ����
�

8LI %23:% WLS[IH XLEX EHLIWMZIRIWW MRGVIEWIH �4 
  ����
� [LIVIEW GSLIWMZIRIWW HIGVIEWIH �4   ����
 
EX XLI IRH SJ XLI WXSVEKI TIVMSH GSQTEVIH [MXL XLI 
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*MKYVI �� )RZMVSRQIRXEP WGERRMRK IPIGXVSR QMGVSKVETL SJ ,EPPSYQM GLIIWI QEHI [MXL 2E'P SRP] �%� GSRXVSP
� �2E'P��/'P �&� [X�[X
� 
�2E'P��/'P �'� [X�[X
� ERH �2E'P��/'P �(� [X�[X
 EX �� �E
� �� �F
� �� �G
� ERH �� �H
 H SJ WXSVEKI� 8VIEXQIRXW % XS ( EVI WLS[R JVSQ PIJX 
XS VMKLX� VIWTIGXMZIP]�
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EHLIWMZIRIWW ERH GSLIWMZIRIWW EX H � JSV XLI WEQI WEPX 
XVIEXQIRX� 8LIWI SFWIVZEXMSRW EVI MR EKVIIQIRX [MXL 
XLSWI SJ &LEWOEVEGLEV]E ERH 7LEL �����
� [LMGL [IVI 
WMQMPEV JSV 1S^^EVIPPE GLIIWI� 8LI MRGVIEWI MR EHLIWMZI�
RIWW QE] FI HYI XS XLI MRGVIEWI MR TVSXISP]WMW HYV�
MRK WXSVEKI� [LMGL� MR XYVR� MRGVIEWIH WQEPP TITXMHIW 
MR XLI WIVYQ TLEWI ERH� XLYW� MRGVIEWIH EHLIWMZIRIWW 
�&LEWOEVEGLEV]E ERH 7LEL� ����
� 8LI HIGVIEWI �4   
����
 MR GSLIWMZIRIWW QE] FI HYI XS XLI HIGVIEWI MR 'E 
ERH MRGVIEWI MR TVSXISP]WMW �&LEWOEVEGLEV]E ERH 7LEL� 
����
�

Microstructure

8LI )7)1 MQEKIW SJ I\TIVMQIRXEP GLIIWIW EX ��� ��� 
��� ERH �� H WXSVEKI EVI WLS[R MR *MKYVI � �%� &� '� 
ERH (� VIWTIGXMZIP]
� 1MGVSKVETLW WLS[ GSQTEGX ERH 
GPSWIH WXVYGXYVIW [MXL WQEPP ZSMHW MR EPP I\TIVMQIRXEP 
GLIIWIW� 8LMW WYKKIWXW XLEX QMGVSWXVYGXYVI SJ ,EPPSYQM 
GLIIWIW OITX MR ZEVMSYW 2E'P ERH /'P QM\XYVIW HMH 
RSX HMJJIV GSQTEVIH [MXL XLEX SJ XLI GSRXVSP� ,S[IZIV� 
ZSMHW HMWETTIEVIH WPMKLXP] [MXL TVSPSRKIH WXSVEKI ERH 
XLMW [EW QSVI SFZMSYW MR GLIIWIW WXSVIH FIX[IIR H �� 
ERH �� �*MKYVI �% ERH �(� VIWTIGXMZIP]
 EW GSQTEVIH 
[MXL XLSWI WXSVIH FIX[IIR TIVMSHW GPSWI XSKIXLIV� WYGL 
EW H �� ERH �� �*MKYVI �' ERH �(� VIWTIGXMZIP]
� 8LMW 
QE] FI EXXVMFYXIH XS E HIGVIEWI MR QSMWXYVI GSRXIRX 

�%]]EWL ERH 7LEL� ����
 ERH ER MRGVIEWI MR TVSXI�
SP]WMW� -X LEW FIIR VITSVXIH XLEX TVSXISP]WMW MR GLIIWI 
TVSHYGIW WQEPP TITXMHIW XLEX EVI WSPYFPI MR XLI WIVYQ 
TLEWI SJ GLIIWI �*S\ ERH 1G7[IIRI]� ����� 9TEHL]E] 
IX EP�� ����
� 8LIVIJSVI� [I FIPMIZI XLEX XLI MRGVIEWI MR 
WQEPP TITXMHIW MR ,EPPSYQM GLIIWIW ERH XLI HIGVIEWI 
MR QSMWXYVI GSRXIRX MRGVIEWIH XLI GSQTEGXRIWW SJ ,EP�
PSYQM GLIIWI XI\XYVI�

Correlations

4IEVWSR GSVVIPEXMSR GSIJJMGMIRXW FIX[IIR 2E� /� 
ERH 'E [MXL XI\XYVI TVSJMPI TEVEQIXIVW EVI TVIWIRXIH 
MR 8EFPI �� -R KIRIVEP� 'E LEH E TSWMXMZI GSVVIPEXMSR 
[MXL LEVHRIWW� GSLIWMZIRIWW� ERH KYQQMRIWW� [LIVIEW 
E RIKEXMZI GSVVIPEXMSR [EW WLS[R [MXL EHLIWMZIRIWW JSV 
XLI 2E'P ERH /'P QM\XYVI XVIEXQIRXW� 8LMW WYTTSVXW 
XLI SFWIVZEXMSR XLEX XLI HIGVIEWI MR LEVHRIWW GER FI 
EXXVMFYXIH XS XLI HIGVIEWI MR 'E GSRXIRX� EW QIRXMSRIH 
IEVPMIV� ,EVHRIWW� GSLIWMZIRIWW� ERH KYQQMRIWW GSVVI�
PEXIH RIKEXMZIP] [MXL / ERH 2E� [LIVIEW EHLIWMZIRIWW 
WLS[IH E TSWMXMZI GSVVIPEXMSR [MXL / ERH 2E� 8LI RIKE�
XMZI GSVVIPEXMSR SJ 2E ERH / ZIVWYW XLI TSWMXMZI GSVVIPE�
XMSR SJ 'E [MXL LEVHRIWW� GSLIWMZIRIWW� ERH KYQQMRIWW 
QE] FI HYI XS 2E SV /�'E MSR I\GLERKI� +YMRII ERH 
*S\ �����
 VITSVXIH XLEX XLI EHHMXMSR SJ 2E'P PIH XS 
2E�'E MSR I\GLERKI [MXL TEVEGEWIMR� -R SYV WXYH]� MSR 
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8EFPI �� 4IEVWSR GSVVIPEXMSRW SJ 2E� /� ERH 'E [MXL XLI XI\XYVI TVSJMPI JSV XLI WEQI WEPX XVIEXQIRX� 

)PIQIRX
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I\GLERKI QE] LEZI SGGYVVIH FIX[IIR 'E ERH 2E SV 
/� XLIVIJSVI� XLI GSVVIPEXMSRW SJ XLIWI IPIQIRXW [MXL 
XI\XYVI TVSJMPI TEVEQIXIVW [IVI GSRXVEHMGXSV]�

CONCLUSIONS

8LI TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P ETTIEVW 
XS VIWYPX MR E WMQMPEV XI\XYVI TVSJMPI ERH QMGVSWXVYGXYVI 
SJ ,EPPSYQM GLIIWI GSQTEVIH [MXL XLSWI SJ XLI GSRXVSP 
�SRP] 2E'P
� ,EVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� 
ERH KYQQMRIWW SJ ,EPPSYQM GLIIWIW OITX MR 2E'P�/'P 
FVMRI WSPYXMSR [IVI WMQMPEV XS XLSWI WXSVIH MR 2E'P SRP]� 
'EPGMYQ TPE]IH E QENSV VSPI MR MRJPYIRGMRK XLI XI\XYVI 
TVSJMPI�
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KERMG EGMHW� ZSPEXMPI EVSQE GSQTSYRHW ERH WIRWSV] GLEVEGXIVMWXMGW 
SJ ,EPPSYQM GLIIWI OITX MR FVMRI�  *SSH 'LIQ�  �������i����

/ETPER� 2� 1� ����� 8LI HMIXEV] KYMHIPMRI JSV WSHMYQ� 7LSYPH [I 
WLEOI MX YT#  2S� %Q� .� 'PMR� 2YXV�  �������i�����

/EXWMEVM� 1� '�� ERH 0� 4� :SYXWMREW� ����E� 1ERYJEGXYVI SJ PS[�JEX 
*IXE GLIIWI�  *SSH 'LIQ�  �����i���

/EXWMEVM� 1� '�� ERH 0� 4� :SYXWMREW� ����F� 1ERYJEGXYVI SJ PS[�JEX 
/IJEPSKVEZMIVE GLIIWI�  -RX� (EMV] .�  �����i����

/EXWMEVM� 1� '�� 0� 4� :SYXWMREW� )� %PMGLERMHMW� ERH -� +� 6SYWWMW� 
����� 6IHYGXMSR SJ WSHMYQ GSRXIRX MR *IXE GLIIWI F] TEVXMEP WYF�
WXMXYXMSR SJ 2E'P F] /'P�  -RX� (EMV] .�  �����i����

/EXWMEVM� 1� '�� 0� 4� :SYXWMREW� )� %PMGLERMHMW� ERH -� +� 6SYWWMW� 
����� 1ERYJEGXYVI SJ /IJEPSKVEZMIVE GLIIWI [MXL PIWW WSHMYQ F] 
TEVXMEP VITPEGIQIRX SJ 2E'P [MXL /'P�  *SSH 'LIQ�  �����i���

0IQERR� .� .V�� .� %� 4PIYWW� ERH 6� ;� +VE]� ����� 4SXEWWMYQ GEYWIW 
GEPGMYQ VIXIRXMSR MR LIEPXL] EHYPXW�  .� 2YXV�  ��������i�����

1EWWI]� 0� /� ����� )JJIGX SJ HMIXEV] WEPX MRXEOI SR GMVGEHMER GEPGMYQ 
QIXEFSPMWQ� FSRI XYVRSZIV� ERH GEPGMYQ S\EPEXI OMHRI] WXSRI VMWO 
MR TSWXQIRSTEYWEP [SQIR�  2YXV� 6IW�  ������i����

1EWWI]� 0� /�� ERH 7� .� ;LMXMRK� ����� (MIXEV] WEPX� YVMREV] GEPGMYQ� 
ERH OMHRI] WXSRI VMWO�  2YXV� 6IZ�  ������i����

4ETEHIQEW� 4�� ERH 6� /� 6SFMRWSR� ����� 8LI WIRWSV] GLEVEGXIVMWXMGW 
SJ HMJJIVIRX X]TIW SJ ,EPPSYQM GLIIWI EW TIVGIMZIH F] XEWXIVW SJ HMJ�
JIVIRX EKIW�  -RX� .� (EMV] 8IGLRSP�  �����i���

4IXMO� 7� ����� 6IHYGIH WSHMYQ GYPXYVIH HEMV] TVSHYGXW�  'YPX� (EMV] 
4VSH� .�  �����i���

4SRW� 1�� ERH 7� 1� *MW^QER� ����� -RWXVYQIRXEP XI\XYVI TVSJMPI EREP]�
WMW [MXL TEVXMGYPEV VIJIVIRGI XS KIPPIH W]WXIQW�  .� 8I\XYVI 7XYH�  
������i����

6IHH]� /� %�� ERH )� ,� 1EVXL� ����� 6IHYGMRK XLI WSHMYQ GSRXIRX SJ 
JSSHW� % VIZMI[�  .� *SSH 4VSX�  ������i����

6IHH]� /� %�� ERH )� ,� 1EVXL� ����� 'SQTSWMXMSR SJ 'LIHHEV GLIIWI 
QEHI [MXL WSHMYQ GLPSVMHI ERH TSXEWWMYQ GLPSVMHI IMXLIV WMRKP] SV 
EW QM\XYVIW�  .� *SSH 'SQTSWX� %REP�  �����i����

6SFMRWSR� 6� /� ����� ,EPPSYQM GLIIWIh8LI TVSHYGX ERH MXW QERY�
JEGXYVI� 4EKIW ���i��� MR *IXE ERH 6IPEXIH 'LIIWIW� 6� /� 6SFMR�
WSR ERH %� =� 8EQMQI� IH� )PPMW ,SV[SSH 0XH�� 0SRHSR� 9/�

7%7 -RWXMXYXI� ����� 7%7�78%8 ��� 9WIVtW +YMHI� 7%7 -RWXMXYXI -RG�� 
'EV]� 2'�

7LERO� *� 6�� =� /� 4EVO� &� *� ,EVPERH� .� )� :ERHIVZIIR� %� 0� 
*SVFIW� ERH 0� 4VSWO]� ����� 4IVWTIGXMZI SJ JSSH ERH HVYK EHQMR�
MWXVEXMSR SR HMIXEV] WSHMYQ�  .� %Q� (MIX� %WWSG�  �����i���

7MLYJI� +� %�� 7� )� >SVVMPPE� ERH %� '� 6YFMSPS� ����� 7IGSRHEV] TVS�
XISP]WMW SJ *]RFS GLIIWI WEPXIH [MXL 2E'P�/'P FVMRI ERH VMTIRIH 
EX ZEVMSYW XIQTIVEXYVIW�  *SSH 'LIQ�  ������i����

8EQMQI� %� =� ����� &VMRIH 'LIIWIW� 7SGMIX] SJ (EMV] 8IGLRSPSK] 
FSSO WIVMIW� &PEGO[IPP 4YFPMWLMRK 0XH�� 3\JSVH� 9/�

8E]PSV� (� 0� ����� 2I[ STXMSR XS TVSHYGI PS[�WSHMYQ GLIIWI�  *SSH 
)RK�  �����i���

9TEHL]E]� :� /�� 4� 0� ,� 1G7[IIRI]� %� %� %� 1EKFSYP� ERH 4� *� 
*S\� ����� 4VSXISP]WMW MR GLIIWI HYVMRK VMTIRMRK� 4EKIW ���i��� 
MR 'LIIWI� 'LIQMWXV]� 4L]WMGW ERH 1MGVSFMSPSK]� :SP� �� +IRIVEP 
%WTIGXW� �VH IH� 4� *� *S\� 4� 0� ,� 1G7[IIRI]� 8� 1� 'SKER� ERH 
8� 4� +YMRII� IH� )PWIZMIV %GEHIQMG 4VIWW� 0SRHSR� 9/�

>EOM� 2� ����� )JJIGX SJ WEPX VEXMS ERH WXEVXIV EHHMXMSR SR XLI QMGVS�
WXVYGXYVI ERH VLISPSKMGEP TVSTIVXMIW SJ (SQMEXM GLIIWI�  -RHMER .� 
(EMV] 7GM�  ������i����

>SVVMPPE� 7� )�� ERH %� '� 6YFMSPS� ����� *]RFS GLIIWI 2E'P ERH /'P 
GLERKIW HYVMRK VMTIRMRK�  .� *SSH 7GM�  ������i����
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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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  ABSTRACT

  8LI IJJIGX SJ WYFWXMXYXMRK 2E'P [MXL /'P SR 2EFYPWM 
GLIIWI GLEVEGXIVMWXMGW [EW MRZIWXMKEXIH� 2EFYPWM GLIIWI 
[EW QEHI ERH WXSVIH MR � HMJJIVIRX FVMRI WSPYXMSRW EX 
��	� MRGPYHMRK 2E'P SRP] �%� GSRXVSP
� �2E'P��/'P 
�[X�[X� &
� �2E'P��/'P �[X�[X� '
� ERH �2E'P��/'P 
�[X�[X� (
� 'LIQMGEP GSQTSWMXMSR� TVSXISP]WMW� XSXEP 
ZMEFPI GSYRX� ERH XI\XYVI TVSJMPI EREP]WMW [IVI EWWIWWIH 
EX QSRXLP] MRXIVZEPW JSV � QS� 2S WMKRMJMGERX IJJIGX [EW 
JSYRH EQSRK I\TIVMQIRXEP GLIIWIW MR XIVQW SJ GLIQM�
GEP GSQTSWMXMSR SV XI\XYVI TVSJMPI� 4VSXISP]XMG EGXMZM�
XMIW [IVI LMKLIV MR GLIIWIW OITX MR FVMRI WSPYXMSRW XLEX 
GSRXEMRIH LMKLIV /'P �&� '� ERH (
 GSQTEVIH [MXL XLI 
GSRXVSP� %X XLI IRH SJ XLI WXSVEKI TIVMSH� [EXIV�WSPYFPI 
RMXVSKIR MR 2EFYPWM GLIIWIW WXSVIH MR &� '� ERH ( [EW 
LMKLIV XLER XLEX MR XLI GSRXVSP GLIIWI �%
� -R EHHMXMSR� 
XSXEP ZMEFPI GSYRX MRGVIEWIH WMKRMJMGERXP] EJXIV � QS SJ 
WXSVEKI JSV EPP WEPX XVIEXQIRXW� ,EVHRIWW ERH KYQQM�
RIWW KIRIVEPP] HIGVIEWIH WMKRMJMGERXP] HYVMRK WXSVEKI 
[MXLMR XLI WEQI WEPX XVIEXQIRX� 
  /I] [SVHW�    2EFYPWM GLIIWI �  TVSXISP]WMW �  XI\XYVI TVS�
JMPI �  QMGVSWXVYGXYVI 

  INTRODUCTION 

  ;LMXI FVMRIH GLIIWIW EVI XVEHMXMSREP GLIIWIW SJ XLI 
1MHHPI )EWXIVR VIKMSR� ,EPPSYQM GLIIWI MW TSTYPEV MR 
']TVYW ERH 0IFERSR� (SQMEXM GLIIWI MR )K]TX� ERH 
2EFYPWM GLIIWI MR .SVHER� 7]VME� ERH 4EPIWXMRI �=EQERM 
IX EP�� ����
� 2EFYPWM GLIIWI MW XVEHMXMSREPP] TVSHYGIH 
JVSQ WLIIT SV KSEX QMPO� SV FSXL� HYVMRK XLI WTVMRK 
ERH WYQQIV WIEWSRW� ,S[IZIV� HYI XS GYVVIRXP] LMKL 
HIQERH� 2EFYPWM GLIIWI MW EPWS TVSHYGIH JVSQ GS[ QMPO 
�%FY�%PVY^ IX EP�� ����F
 SV QM\XYVI E QM\XYVI SJ GS[ 
ERH WLIIT QMPO� -X MW GPEWWMJMIH EW E WIQM�LEVH GLIIWI 
[MXL LMKL WEPX GSRXIRX ERH TVSHYGIH [MXLSYX EHHM�
XMSR SJ WXEVXIV GYPXYVI �%FH )P�7EPEQ ERH %PMGLERMHMW� 
����� %FY�%PVY^ IX EP�� ����F
� % FVMIJ TVSGIHYVI SJ 
2EFYPWM GLIIWI TVSHYGXMSR MW EW JSPPS[W� TEWXIYVM^IH 

QMPO MW XIQTIVIH XS ETTVS\MQEXIP] ���' ERH VIRRIX MW 
EHHIH� %JXIV �� XS �� QMR� XLI GYVH MW GYX ERH WIXXPIH 
JSV �� XS �� QMR� ERH XLIR XVERWJIVVIH MRXS GLIIWIGPSXL 
XS HVEMR [LI]� XLI GYVH MW XLIR TVIWWIH EX ��� 14E� 
ERH XLI GLIIWI MW GYX MRXS WQEPP FPSGOW �b� » � » ��� 
GQ
 ERH WTVMROPIH [MXL WEPX SV MQQIVWIH MR E FVMRI 
WSPYXMSR ��� XS ��	
 SZIVRMKLX� 8LI GLIIWI FPSGOW EVI 
XLIR FSMPIH MR E FVMRI WSPYXMSR ��� XS ��	
 JSV � XS �� 
QMR� GSSPIH� ERH WXSVIH MR QIXEP SV TPEWXMG NEVW JMPPIH 
[MXL E FVMRI WSPYXMSR �-FVELMQ ERH 3t7YPPMZER� ����� 
%FH )P�7EPEQ ERH %PMGLERMHMW� ����� 8EQMQI� ����
� 
7EPX EHHMXMSR MW E GVMXMGEP WXIT HYVMRK GLIIWI QEOMRK XS 
QEMRXEMR XLI UYEPMX] ERH WEJIX] SJ 2EFYPWM GLIIWI HYV�
MRK � XS �� QS SJ WXSVEKI� 2EFYPWM GLIIWI MW GSRWYQIH 
EW E TEVX SJ FVIEOJEWX SV IEXIR EW E WREGO ERH MX MW 
ER IWWIRXMEP GSQTSRIRX SJ XLI 1MHHPI )EWXIVR W[IIXW 
WYGL EW /YREJE �=EQERM IX EP�� ����
� 2EFYPWM GLIIWI 
QERYJEGXYVIVW MRXIRXMSREPP] MRGVIEWI XLI WEPX GSRXIRX SJ 
XLI GLIIWI XS TVSQSXI [EXIV PSWW ERH XS TVIWIVZI GLIIWI 
HYVMRK TVSPSRKIH WXSVEKI� 

  1MHHPI )EWXIVR TISTPI QE] EZSMH GSRWYQTXMSR SJ 
2EFYPWM GLIIWI FIGEYWI SJ XLI LMKL WEPX GSRXIRX� % TSWM�
XMZI GSVVIPEXMSR LEW FIIR JSYRH FIX[IIR LMKL WSHMYQ 
�2E
 MRXEOI ERH L]TIVXIRWMSR �/SXGLIR� ����
� SWXIS�
TSVSWMW �,IERI]� ����
� OMHRI] WXSRIW �1EWWI]� ����
� 
ERH GEVHMSZEWGYPEV HMWIEWIW �4IRRIV IX EP�� ����
� 8LI 
;SVPH ,IEPXL 3VKERM^EXMSR LEW VIGSQQIRHIH HIGVIEW�
MRK WEPX MR EPP JSSH X]TIW XS VIHYGI LIEPXL TVSFPIQW 
EWWSGMEXIH [MXL LMKL MRXEOI SJ WEPX �;SVPH ,IEPXL 3V�
KERM^EXMSR� ����
� -X LEW FIIR VITSVXIH XLEX GLIIWIW 
GSRXVMFYXI XS ETTVS\MQEXIP] �� XS ��	 SJ XLI XSXEP WS�
HMYQ HMIXEV] MRXEOI �+YMRII� ����E�F� 8EQMQI� ����
� 
'SRWIUYIRXP]� ERH FIGEYWI SJ LMKL GLIIWI GSRWYQTXMSR 
MR 1MHHPI )EWXIVR GSYRXVMIW� 2EFYPWM GLIIWI GSRXVMFYXIW 
XS E GSRWMHIVEFPI EQSYRX SJ XLI XSXEP HMIXEV] 2E MRXEOI 
JSV GSRWYQIVW MR XLI 1MHHPI )EWX� ,IRGI� MX MW MQTSV�
XERX XS VIHYGI WEPX GSRXIRX MR 2EFYPWM GLIIWI VEXLIV 
XLER HIGVIEWMRK MXW GSRWYQTXMSR� 7IZIVEP WXYHMIW LEZI 
FIIR GEVVMIH SYX XS MQTVSZI XLI QERYJEGXYVMRK TVSGI�
HYVI �-FVELMQ ERH 3t7YPPMZER� ����
� WXVIXGLEFMPMX] ERH 
QIPXEFMPMX] �%FY�%PVY^ IX EP�� ����F� 1E^ELVIL IX EP�� 
����
� ERH XLI QMGVSFMSPSKMGEP UYEPMX] SJ 2EFYPWM GLIIWI 
�,YQMIH IX EP�� ����
� 8LMW WXYH] MW XLI JMVWX EXXIQTX 
EMQIH EX VIHYGMRK XLI WEPX GSRXIRX �2E'P
 MR 2EFYPWM 

  The effect of substituting NaCl with KCl on Nabulsi cheese: 
Chemical composition, total viable count, and texture profile 
  M. M. Ayyash  and  N. P. Shah1

  School of Biomedical and Health Sciences, Victoria University, Werribee Campus, PO Box 14428, Melbourne, Victoria 8001, Australia
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GLIIWI F] WYFWXMXYXMRK 2E'P [MXL /'P� -R TEVXMGYPEV� 
XLI EMQ SJ XLMW WXYH] [EW XS MRZIWXMKEXI XLI IJJIGX SJ 
WYFWXMXYXMRK 2E'P [MXL /'P SR GLIQMGEP GSQTSWMXMSR� 
QMGVSFMSPSKMGEP UYEPMX]� TVSXISP]WMW� ERH TL]WMGEP TVST�
IVXMIW SJ 2EFYPWM GLIIWI HYVMRK WXSVEKI EX VSSQ XIQ�
TIVEXYVI JSV � QS�

MATERIALS AND METHODS

Cheese Making

2EFYPWM GLIIWI [EW QERYJEGXYVIH EGGSVHMRK XS %FY�
%PVY^ IX EP� �����E
 [MXL WSQI QSHMJMGEXMSRW EW WLS[R MR 
*MKYVI �� *YPP�JEX LSQSKIRM^IH ERH TEWXIYVM^IH FSZMRI 
QMPO [EW SFXEMRIH JVSQ XLI PSGEP QEVOIX �1IPFSYVRI� 
:-'� %YWXVEPME
� *SVX] PMXIVW SJ QMPO [EW XIQTIVIH XS 
���'� ERH HMPYXIH GL]QSWMR �'L]�1E\� 'LV� ,ERWIR� 
&E]W[EXIV� :-'� %YWXVEPME
 [EW EHHIH EGGSVHMRK XS XLI 
QERYJEGXYVIVtW MRWXVYGXMSR� %JXIV �� QMR� GSEKYPEXIH 
GYVH [EW GYX MRXS ��GQ� GYFIW ERH PIJX JSV �� QMR� 
8LIR� XLI GYVH [EW XVERWJIVVIH MRXS GLIIWIGPSXL ERH 
PIJX JSV �� QMR XS HVEMR XLI [LI]� 8LI GYVH [EW TVIWWIH 
�IEGL ��OK [IMKLX SJ GYVH [EW TVIWWIH [MXL �� OK SJ 
[IMKLX
 JSV �� QMR ERH GYX MRXS � » � » ��� GQ TMIGIW� 
HMZMHIH VERHSQP] ERH IUYEPP]� ERH OITX MR � FVMRI WSPY�
XMSRW �TVITEVIH YWMRK 1MPPM�5 [EXIV� XLI T, SJ XLI FVMRI 
WSPYXMSR [EW RSX EHNYWXIH
 EX ��	� MRGPYHMRK SRP] 2E'P 
�%� GSRXVSP
� �2E'P��/'P �&
� �2E'P��/'P �'
� ERH 
�2E'P��/'P �(
 ERH HMTTIH JSV �� L EX VSSQ XIQ�
TIVEXYVI �b���'
� 8LIVIEJXIV� IEGL GLIIWI TSVXMSR [EW 
FSMPIH JSV �� QMR MR XLI WEQI FVMRI WSPYXMSRW YRXMP XLI 
GLIIWI XIQTIVEXYVI VIEGLIH ETTVS\MQEXIP] ���'� TPEGIH 
MR GPIER ERH WERMXM^IH TPEWXMG GSRXEMRIVW� ERH GSSPIH 
�b���'
� *MREPP]� IEGL FEXGL SJ GLIIWI [EW XVERWJIVVIH 
MRXS � JVIWL FVMRI WSPYXMSRW EX ��	 MR WITEVEXI TPEWXMG 
GSRXEMRIVW ERH WXSVIH JSV � QS EX VSSQ XIQTIVEXYVI 
�b���'
� 7EQTPIW �b��� K IEGL
 [IVI XEOIR EX QSRXLP] 
MRXIVZEPW XS HIXIVQMRI GLIQMGEP GSQTSWMXMSR� 2E� /� 'E� 
ERH 4 GSRXIRXW� ERH IRYQIVEXMSR SJ XSXEP ZMEFPI GSYRX 
�8:'
� %PP EREP]WIW [IVI GEVVMIH SYX MR HYTPMGEXI ERH 
EPP I\TIVMQIRXW [IVI VITPMGEXIH � XMQIW�

Chemical Composition

'LIQMGEP GSQTSWMXMSR [EW HIXIVQMRIH EGGSVHMRK XS 
%3%' QIXLSHW �%3%'� ����
� QSMWXYVI [EW HIXIV�
QMRIH F] SZIR�HV]MRK QIXLSH EX ����'� JEX F] XLI &EF�
GSGO QIXLSH� TVSXIMR F] XLI /NIPHELP QIXLSH� ERH EWL 
F] XLI QYJJPI JYVREGI QIXLSH� *SV T, QIEWYVIQIRX� �� 
K SJ KVEXIH GLIIWI [EW QEGIVEXIH MR �� Q0 SJ HMWXMPPIH 
[EXIV� ERH XLI T, SJ XLI VIWYPXERX WPYVV] [EW QIEWYVIH 
YWMRK E GEPMFVEXIH HMKMXEP T, QIXIV �1IXIV0EF� 4EGMJMG 
0EFSVEXSV] 4VSHYGXW� 1IPFSYVRI� :-'� %YWXVEPME
�

TVC

8SXEP ZMEFPI GSYRX [EW IRYQIVEXIH EGGSVHMRK XS ER 
-73�-(* QIXLSH �-73�-(*� ����
� &VMIJP]� �� K SJ 
KVEXIH GLIIWI [EW FPIRHIH [MXL �� Q0 SJ WXIVMPM^IH TIT�
XSRI ERH [EXIV WSPYXMSR ����	 TITXSRI
 JSV � QMR YWMRK 
E 7XSQEGLIV���� PEFSVEXSV] FPIRHIV �7I[EVH 1IHMGEP� 
0SRHSR� 9/
� %TTVSTVMEXI HMPYXMSRW [IVI QEHI YWMRK 
���	 TITXSRI ERH [EXIV WSPYXMSR� ERH IRYQIVEXMSR [EW 
GEVVMIH SYX YWMRK XV]TXSRI WS] EKEV �3\SMH 0XH�� ;IWX 
,IMHIPFIVK� :-'� %YWXVEPME
� 4PEXIW [IVI EIVSFMGEPP] 
MRGYFEXIH EX ���' JSV �� L�

Assessment of Proteolysis

8LI [EXIV�WSPYFPI I\XVEGXW �;7)
 SJ XLI GLIIWI 
WEQTPIW [IVI TVITEVIH EGGSVHMRK XS /YGLVSS ERH *S\ 
�����
� 8LI RMXVSKIR MR XLI I\XVEGX [EW IWXMQEXIH F] XLI 
/NIPHELP QIXLSH �%3%'� ����
� 8[IPZI TIVGIRX 8'%�
WSPYFPI RMXVSKIR �8'%�72
 ERH �	 TLSWTLSXYRKWXMG 
EGMH �48%�72
 [IVI HIXIVQMRIH EGGSVHMRK XS %]]EWL 
ERH 7LEL �����F
� 8LI 8'%�72 [EW IWXMQEXIH MR � Q0 
SJ JMPXVEXI SFXEMRIH EJXIV TVIGMTMXEXMSR SJ JMPXIVIH ;7) 
SJ GLIIWI [MXL ��	 8'% �7MKQE�%PHVMGL� 7X� 0SYMW� 
13
� 8LI I\XIRX SJ WIGSRHEV] TVSXISP]WMW �48%�72
 
[EW EWWE]IH WMQMPEVP] XS 8'%�72 YWMRK � Q0 SJ JMPXVEXI 
SFXEMRIH EJXIV TVIGMTMXEXMSR SJ JMPXIVIH ;7) SJ GLIIWI 
[MXL ��	 TLSWTLSXYRKWXMG EGMH �7MKQE�%PHVMGL
�

Determination of Na, K, Ca, and P Contents

'SRXIRXW SJ 2E� /� 'E� ERH 4 MR GLIIWIW [IVI HIXIV�
QMRIH F] QYPXMX]TI MRHYGXMZIP] GSYTPIH TPEWQE EXSQMG 
IQMWWMSR WTIGXVSQIXV] ?-'4)������ 7LMQEH^Y 7GMIRXMJMG 
-RWXVYQIRXW �3GIERME
 4X] 0XH�� 6]HEPQIVI� 27;� 
%YWXVEPMEA EGGSVHMRK XS %]]EWL ERH 7LEL �����E
� %J�
XIV XLI EWL HIXIVQMREXMSR SJ GLIIWI WEQTPIW� ER EPMUYSX 
�b��� K
 [EW HMWWSPZIH MR �� Q0 SJ �  ,23� ERH OITX 
JVS^IR �n���'
 YRXMP EREP]^IH YWMRK XLI -'4)������ %PP 
WEQTPIW [IVI HMPYXIH ��� XMQIW ERH XLIR JMPXIVIH YWMRK 
E 1MPPI\ ������Q JMPXIV �1MPPMTSVI� &IHJSVH� 1%
 FIJSVI 
HMVIGXP] MRNIGXMRK MRXS XLI -'4)������ 8LI -'4)����� 
GSRWMWXIH SJ ER %7'����� EYXSWEQTPIV� E L]HVMHI KIR�
IVEXSV ,:+�-'4� E L]HVSJPYSVMG EGMH WEQTPI MRNIGXMSR 
W]WXIQ ,*7��� E PS[�XIQTIVEXYVI XLIVQSWXEXMG GLEQ�
FIV 2'&������ ERH E WSJX[EVI TEGOEKI -'4)������ 8S 
GEPGYPEXI 2E� /� 'E� ERH 4 GSRGIRXVEXMSRW MR WEQTPIW� 
E WXERHEVH GYVZI GSRWMWXMRK SJ XLI � IPIQIRXW [EW TVI�
TEVIH EX �� ��� ��� ��� ERH �� �K�Q0�

Texture Profile Analysis

8I\XYVI TVSJMPI �LEVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� 
ERH KYQQMRIWW
 [EW EREP]^IH EGGSVHMRK XS &LEWOE�
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VEGLEV]E ERH 7LEL �����
 [MXL WSQI QSHMJMGEXMSRW� 
']PMRHIVW ��� » �� QQ� HMEQIXIV » LIMKLX
 SJ GLIIWIW 
[IVI GYX JVSQ XLI GIRXIV SJ XLI 2EFYPWM GLIIWI FPSGOW� 
7TIGMQIRW [IVI OITX MR E VIJVMKIVEXSV EX ��' SZIVRMKLX 

JSPPS[IH F] HIXIVQMREXMSR SJ XI\XYVI TVSJMPI� ,EVHRIWW� 
GSLIWMZIRIWW� EHLIWMZIRIWW� ERH KYQQMRIWW [IVI QIE�
WYVIH YWMRK ER -RWXVSR YRMZIVWEP XIWXMRK QEGLMRI �QSHIP 
����� -RWXVSR 0XH�� 0SRHSR� 9/
 FEWIH SR XLI TVMRGMTPI 

*MKYVI �� 4VSGIHYVI JSV QERYJEGXYVI SJ 2EFYPWM GLIIWI� 
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HIWGVMFIH F] 4SRW ERH *MW^QER �����
� )EGL WEQTPI 
[EW GSQTVIWWIH XS ��	 SJ MXW LIMKLX YWMRK E ����2 PSEH 
GIPP [MXL E JPEX TPYRKIV� ERH XLI GVSWWLIEH QSZIQIRX 
[EW EHNYWXIH XS �� QQ�QMR� % HSYFPI GSQTVIWWMSR 
[EW EGLMIZIH ERH XLI HEXE [IVI GSPPIGXIH YWMRK 1IVPMRI 
WSJX[EVI �-RWXVSR 4X] 0XH� 1IPFSYVRI� :-'� %YWXVEPME
� 
%REP]WIW [IVI GEVVMIH SYX MR HYTPMGEXI�

Microstructure by Environmental
Scanning Electron Microscopy

)\TIVMQIRXEP GLIIWI WTIGMQIRW [IVI MQEKIH F] YWMRK 
*)- 5YERXE IRZMVSRQIRXEP WGERRMRK IPIGXVSR QMGVSW�
GST] �)7)1� 4LMPMTW )PIGXVSR 3TXMGW� )MRHLSZIR� XLI 
2IXLIVPERHW
 YWMRK )7)1 QSHI� -QEKIW [IVI XEOIR EX 
EGGIPIVEXMRK ZSPXEKI EX �� O: YRHIV ��� 8SVV SJ TVIWWYVI 
ERH ����� » QEKRMJMGEXMSR EX ��'� 7TIGMQIRW [IVI RSX 
GSRHYGXMZMX] GSEXIH FIJSVI MQEKMRK� -QEKIW [IVI ZMWY�
EPP] I\EQMRIH XS HIXIVQMRI HMJJIVIRGIW EQSRK FEXGLIW�

Statistical Analysis

3RI�[E] %23:% [EW YWIH XS XIWX HMJJIVIRGIW EQSRK 
XLI � I\TIVMQIRXEP GLIIWIW �%� &� '� ERH (
 EX IEGL 
WEPX XVIEXQIRX SV WEQTPMRK HE]� ERH WMKRMJMGERGI [EW 
XIWXIH EX    ����� 4IEVWSR GSVVIPEXMSR [EW QIEWYVIH 
EX    ���� FIX[IIR EPP QIEWYVIH ZEVMEFPIW MR XLI WEQI 
WEPX XVIEXQIRX� 8[S�[E] %23:% [EW GEVVMIH SYX XS 
MRZIWXMKEXI XLI IJJIGX SJ WEPX XVIEXQIRX ERH WXSVEKI TI�
VMSH MRXIVEGXMSR JSV EPP QIEWYVIH ZEVMEFPIW� (EXE [IVI 
EREP]^IH YWMRK 7%7 WSJX[EVI ZIVWMSR ��� �7%7 -RWXMXYXI� 
����
�

RESULTS AND DISCUSSION

Chemical Composition

1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW ERH T, ZEPYIW 
SJ 2EFYPWM GLIIWIW OITX MR � FVMRI WSPYXMSR EVI TVIWIRXIH 
MR 8EFPI �� -R KIRIVEP� XLI QSMWXYVI� TVSXIMR� EWL� ERH 
T, HIGVIEWIH WMKRMJMGERXP] �    ����
 FIX[IIR � ERH � 
QS SJ WXSVEKI [MXLMR E WEPX XVIEXQIRX� ,S[IZIV� WXSVEKI 
TIVMSH LEH RS WMKRMJMGERX �  " ����
 IJJIGX SR XLI JEX 
GSRXIRX �8EFPI �
� 8LI VIHYGXMSR MR QSMWXYVI GSRXIRX 
SGGYVVIH HYI XS XLI QMKVEXMSR SJ QSMWXYVI JVSQ GLIIWI 
PSEZIW EW VITSVXIH F] +IYVXW IX EP� �����
 ERH +YMRII 
ERH *S\ �����
� 8LI HIGVIEWI MR TVSXIMR GSRXIRX QE] 
FI EXXVMFYXIH XS XLI TVSXISP]XMG EGXMZMX] HYVMRK WXSVEKI� 
[LMGL VIWYPXIH MR ER MRGVIEWI MR ;72 ERH 8'%�72 MR 
I\TIVMQIRXEP GLIIWIW �8EFPI �
� 8LIWI JMRHMRKW EKVII 
[MXL XLSWI SJ %]]EWL ERH 7LEL �����E
� [LS VITSVXIH 
XLEX QSMWXYVI ERH MRXEGX TVSXIMR GSRXIRX SJ ,EPPSYQM 
GLIIWI HIGVIEWIH �    ����
 HYVMRK WXSVEKI�

8LI HIGVIEWIW MR EWL GSRXIRX ERH T, EVI MR GSRXVE�
HMGXMSR [MXL XLI VIWYPXW SJ %]]EWL ERH 7LEL �����E
 
ERH /EXWMEVM IX EP� ������ ����
� 8LMW QE] FI EXXVMFYXIH 
XS XLI QERYJEGXYVMRK TVSGIWW SJ 2EFYPWM GLIIWI� [LMGL 
HMJJIVW JVSQ XLSWI SJ ,EPPSYQM� *IXE� ERH /IJEPSKVEZMIVE 
GLIIWIW� -R XLMW WXYH]� GLIIWI PSEZIW [IVI HMTTIH MRXS 
FVMRI WSPYXMSR EX ��	 JSV �� L FIJSVI FSMPMRK ERH WXSV�
EKI� 8LMW WXIT MRGVIEWIH XLI WEPX GSRXIRX MR GLIIWIW� 
[LMGL [EW VIJPIGXIH MR XLI EWL GSRXIRX ERH T, ZEPYI SJ 
GLIIWI PSEZIW FIJSVI FSMPMRK ERH WXSVMRK MR FVMRI WSPY�
XMSRW EX E PS[IV FVMRI GSRGIRXVEXMSR SJ ��	� (YVMRK 
WXSVEKI� GLIIWI PSEZIW PSWX I\GIWWMZI WEPX XS FVMRI WSPY�
XMSR XS VIEGL ER IUYMPMFVMYQ� [LMGL MR XYVR EJJIGXIH 
XLI EWL GSRXIRX SJ GLIIWIW� 8LI HIGVIEWI MR T, ZEPYIW 
HYVMRK WXSVEKI QE] FI HYI XS QMGVSFMEP KVS[XL� IWTI�
GMEPP] XLEX SJ RSRWXEVXIV PEGXMG EGMH FEGXIVME� [LMGL QE] 
JIVQIRX PEGXSWI ERH TVSHYGI SVKERMG EGMHW MR GLIIWIW 
[MXL HIGVIEWIH T, ZEPYIW�

-R KIRIVEP� %23:% WLS[IH RS WMKRMJMGERX �    ����
 
HMJJIVIRGIW MR GLIQMGEP GSQTSWMXMSR FIX[IIR I\TIVMQIR�
XEP 2EFYPWM GLIIWIW EX XLI WEQI WXSVEKI XMQIW �8EFPI 
�
� 3GGEWMSREP HMJJIVIRGIW [IVI SFWIVZIH FIX[IIR WEPX 
XVIEXQIRXW MR XIVQW SJ QSMWXYVI� TVSXIMR� JEX� ERH EWL 
GSRXIRXW �8EFPI �
� ;I EWWYQIH XLEX XLIWI HMJJIVIRGIW 
[IVI HYI XS ZEVMEXMSRW MR GLIIWI PSEZIW ERH HMH RSX 
VIPEXI XS WEPX XVIEXQIRX�

%W WIIR MR 8EFPI �� T, ZEPYIW SJ GLIIWIW OITX MR XLI 
( FVMRI WSPYXMSR [IVI WMKRMJMGERXP] LMKLIV GSQTEVIH 
[MXL % �GSRXVSP
 EX � QS SJ WXSVEKI� %X � ERH � QS SJ 
WXSVEKI� T, ZEPYIW SJ 2EFYPWM GLIIWIW OITX MR ( ERH 
' XVIEXQIRXW [IVI WMKRMJMGERXP] LMKLIV GSQTEVIH [MXL 
XLSWI SJ GLIIWIW MR XLI % ERH & XVIEXQIRXW� 8LMW WYK�
KIWXW XLEX [LIR /'P FIGEQI E TEVX SJ XLI FVMRI WSPY�
XMSR� XLI T, ZEPYIW MRGVIEWIH� 8LMW MW HYI XS XLI REXYVI 
SJ /'P WSPYXMSRW� [LMGL LEZI LMKLIV T, ZEPYI �b���
 
GSQTEVIH [MXL XLSWI SJ 2E'P� 8LMW JMRHMRK MW MR EGGSV�
HERGI [MXL XLSWI SJ SXLIV VIWIEVGLIVW �*MX^KIVEPH ERH 
&YGOPI]� ����� /EXWMEVM IX EP�� ����� %]]EWL ERH 7LEL� 
����E
� [LS VITSVXIH E WPMKLX MRGVIEWI MR T, ZEPYIW SJ 
/IJEPSKVEZMIVE� ,EPPSYQM� ERH 'LIHHEV GLIIWIW� VIWTIG�
XMZIP]� QEHI [MXL 2E'P�/'P QM\XYVIW� ,S[IZIV� JSV XLI 
VIWX SJ XLI WXSVEKI TIVMSH� XLI T, ZEPYIW SJ GLIIWIW OITX 
MR 2E'P�/'P QM\XYVIW FIGEQI WMKRMJMGERXP] PS[IV GSQ�
TEVIH [MXL XLI GSRXVSP GLIIWIW �8EFPI �
� 8LMW QE] FI 
EXXVMFYXIH XS LMKLIV QMGVSFMEP EGXMZMX] MR XLSWI GLIIWIW 
FIGEYWI SJ LMKL T,� [LMGL MW QSVI GSRHYGMZI XS QMGVS�
FMEP KVS[XL �%]]EWL ERH 7LEL� ����E
�

Assessment of Proteolysis and TVC

;EXIV�WSPYFPI 2� 8'%�72� 48%�72� ERH 8:' SJ 
2EFYPWM GLIIWIW OITX MR � FVMRI WSPYXMSRW EVI TVIWIRXIH 
MR 8EFPI �� %REP]WMW SJ ZEVMERGI WLS[IH XLEX 8:' MR�
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GVIEWIH WMKRMJMGERXP] �    ����
 JVSQ � XS � QS SJ WXSV�
EKI� [LIVIEW ;72� 8'%�72� ERH 48%�72 MRGVIEWIH 
WMKRMJMGERXP] �    ����
 MR EPP I\TIVMQIRXEP GLIIWIW 
HYVMRK � QS SJ WXSVEKI� -X [EW RSXMGIH XLEX XLI ;72� 
8'%�72� ERH 48%�72 GSRXIRXW MR EPP I\TIVMQIRXEP 
GLIIWIW [IVI PS[IV MR VIWTIGX XS XLI PSRK WXSVEKI TIVMSH� 
8LMW QE] HYI XS XLI LMKL LIEX XVIEXQIRX ETTPMIH XS 
GLIIWIW HYVMRK QERYJEGXYVMRK� ,IEXMRK I\TIVMQIRXEP 
GLIIWIW EPWS MREGXMZEXIH XLI GL]QSWMR VIWMHYIW� GL]�
QSWMR MW GSRWMHIVIH EW E TVMQEV] TVSXISP]XMG EKIRX MR 
GLIIWIW �*S\ ERH 1G7[IIRI]� ����� 9TEHL]E] IX EP�� 
����
� 8LYW� [I EWWYQIH XLEX TPEWQMR �E LIEX�WXEFPI 
MRHMKIRSYW IR^]QI
 VIQEMRIH MR GLIIWIW ERH EGXIH EW 
E TVMQEV] TVSXISP]XMG EKIRX MRWXIEH SJ GL]QSWMR� 8LI 
EGXMZMX] SJ TPEWQMR MW WPS[IV XLER XLEX SJ GL]QSWMR 
�*EVO]I ERH *S\� ����� *S\ ERH 1G7[IIRI]� ����� 
9TEHL]E] IX EP�� ����
� ,IRGI� XLI MRGVIEWI MR ;72 
ERH 8'%�72 [EW WPS[IV�

%W WLS[R MR 8EFPI �� MR KIRIVEP� WMKRMJMGERX �    
����
 HMJJIVIRGIW [IVI SFWIVZIH EQSRK I\TIVMQIRXEP 
GLIIWIW MR ;72 EX XLI WEQI XMQI SJ WXSVEKI� 8LSWI 
HMJJIVIRGIW [IVI SFWIVZIH GPIEVP] MR XLI PEXXIV TEVX ��� 
�� ERH � QS
 SJ XLI WXSVEKI TIVMSH� -X [EW ETTEVIRX XLEX 
;72 MR GLIIWIW WXSVIH MR XVIEXQIRX ( [EW LMKLIV �  
  ����
 GSQTEVIH [MXL XLEX MR XLI SXLIV I\TIVMQIRXEP 
GLIIWIW EX � ERH � QS SJ WXSVEKI� 8LMW QE] WYKKIWX XLEX 
TPEWQMR EGXMZMX] MRGVIEWIH MR TEVEPPIP [MXL XLI MRGVIEWI 

MR /'P GSRGIRXVEXMSR� 8LMW JMRHMRK MW MR EGGSVHERGI 
[MXL %]]EWL ERH 7LEL �����F
� [LS WLS[IH LMKLIV 
;72 ZEPYIW MR I\TIVMQIRXEP ,EPPSYQM GLIIWIW WXSVIH MR 
�2E'P��/'P ERH MR �2E'P��/'P GSQTEVIH [MXL GSRXVSP 
GLIIWI HYVMRK WXSVEKI�

2S WMKRMJMGERX �  " ����
 HMJJIVIRGIW MR 8'%�72 ERH 
48%�72 [IVI SFWIVZIH EQSRK I\TIVMQIRXEP GLIIWIW MR 
XLI IEVP] TEVX SJ XLI WXSVEKI TIVMSH ��� �� ERH � QS
� 
,S[IZIV� E WMKRMJMGERX �    ����
 HMJJIVIRGI [EW SFZM�
SYW EX QS � SJ WXSVEKI� [LIVI GLIIWI MR XLI ( XVIEXQIRX 
WLS[IH LMKLIV �    ����
 8'%�72 GSQTEVIH [MXL SXLIV 
GLIIWIW� 8LEX QE] FI EXXVMFYXIH XS XLI LMKLIV ;72 SJ 
GLIIWI MR ( XVIEXQIRX XLEX� MR XYVR� TVSZMHIH WYFWXVEXIW 
�PEVKI ERH QIHMYQ TITXMHIW
 JSV WTSMPEKI QMGVSSVKER�
MWQW ERH JMREPP] MRGVIEWIH 8'%�72� 9TEHL]E] IX EP� 
�����
 VITSVXIH XLEX IR^]QIW JVSQ WXEVXIV GYPXYVI ERH 
RSRWXEVXIV FEGXIVME L]HVSP]^I TITXMHIW VIWYPXMRK JVSQ 
TVMQEV] �GL]QSWMR
 IR^]QEXMG EGXMZMX]� 7MKRMJMGERX �  
  ����
 HMJJIVIRGIW [IVI SFWIVZIH FIX[IIR I\TIVMQIR�
XEP GLIIWIW MR 8:' HYVMRK QS � ERH �� 8LMW WYKKIWXW 
XLEX 2E'P WYFWXMXYXMSR [MXL /'P LEW E WMQMPEV IJJIGX SR 
8:' SJ 2EFYPWM GLIIWI� 8LMW JMRHMRK MR EKVIIQIRX [MXL 
XLSWI SJ %]]EWL ERH 7LEL �����F
�

;EXIV�WSPYFPI 2� 8'%�72� ERH 48%�72 [IVI MR�
ZIVWIP] GSVVIPEXIH [MXL 'E ERH 4 GSRXIRXW MR EPP WEPX�
MRK XVIEXQIRXW� 4IEVWSR GSVVIPEXMSRW �V
 SJ TVSXISP]WMW 
ZEVMEFPIW VERKIH JVSQ n���� XS n���� JSV 'E ERH JVSQ 

8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW� ERH T, ZEPYIW SJ 2EFYPWM GLIIWIW WXSVIH MR � PIZIPW SJ 2E'P ERH /'P HYVMRK WXSVEKI JSV � QS 
EX VSSQ XIQTIVEXYVI� 

7XSVEKI  
�QS


7EPX  
XVIEXQIRX�

1SMWXYVI  
�	


4VSXIMR  
�	


*EX  
�	


%WL  
�	
 T,

� % ����� � ����E ����� � ����E ����� � ����E ����� � ����E ���� � ����F

& ����� � ����E ����� � ����E ����� � ����E ����� � ����E ���� � ����F

' ����� � ����EF ����� � ����E ����� � ����E ����� � ����E ���� � ����F

( ����� � ����F ����� � ����E ����� � ����E ����� � ����E ���� � ����E

� % ����� � ����E ����� � ����E ����� � ����E ����� � ����E ���� � ����G

& ����� � ����EF ����� � ����E ����� � ����E ����� � ����E ���� � ����F

' ����� � ����EF ����� � ����E ����� � ����E ����� � ����E ���� � ����E

( ����� � ����F ����� � ����E ����� � ����E ���� � ����E ���� � ����E

� % ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����F

& ����� � ����EF ����� � ����E ����� � ����F ���� � ����E ���� � ����F

' ����� � ����E ����� � ����E ����� � ����EF ����� � ����E ���� � ����E

( ����� � ����F ����� � ����E ����� � ����E ����� � ����E ���� � ����E

� % ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����E

& ����� � ����E ����� � ����E ����� � ����EF ���� � ����E ���� � ����F

' ����� � ����E ����� � ����E ����� � ����EF ����� � ����E ���� � ����E

( ����� � ����E ����� � ����E ����� � ����F ���� � ����E ���� � ����G

� % ����� � ����EF ����� � ����E ����� � ����E ���� � ����E ���� � ����E

& ����� � ����FG ����� � ����E ����� � ����E ����� � ����E ���� � ����H

' ����� � ����E ����� � ����E ����� � ����E ����� � ����E ���� � ����F

( ����� � ����G ����� � ����F ����� � ����E ����� � ����E ���� � ����G

� % ����� � ����E ����� � ����EF ����� � ����E ���� � ����F ���� � ����E

& ����� � ����EF ����� � ����FG ����� � ����EF ����� � ����EF ���� � ����H

' ����� � ����E ����� � ����E ����� � ����E ����� � ����EF ���� � ����F

( ����� � ����F ����� � ����G ����� � ����F ����� � ����E ���� � ����G

EiH1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �  " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�
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n���� XS n���� JSV 4� 8LMW WYTTSVXW XLI WYKKIWXMSR XLEX 
E VIHYGXMSR MR GSPPSMHEP GEPGMYQ MR GLIIWIW MRGVIEWIH 
TVSXISP]XMG EGXMZMX]� -R EHHMXMSR� 8:' MRZIVWIP] [EW GSV�
VIPEXIH [MXL 'E ERH 4 MR EPP WEPXMRK XVIEXQIRXW� V�ZEPYIW 
VERKIH JVSQ n���� XS n���� JSV 'E ERH JVSQ n���� 
XS n���� JSV 4� 8LMW QE] FI EXXVMFYXIH XS TVSXISP]WMW� 
[LIR 'E ERH 4 GSRXIRXW HIGVIEWIH HYVMRK WXSVEKI� TVS�
XISP]XMG EGXMZMX] MRGVIEWIH ERH XLIR TVSZMHIH TVMQEV] 
RYXVMIRXW IWWIRXMEP JSV QMGVSFMEP KVS[XL�

Texture Profile Analysis

,EVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� ERH KYQQM�
RIWW SJ I\TIVMQIRXEP GLIIWIW EVI WLS[R MR 8EFPI �� %G�
GSVHMRK XS XLI %23:%� EHLIWMZIRIWW HMH RSX GLERKI 
WMKRMJMGERXP] �  " ����
� [LIVIEW GSLIWMZIRIWW MRGVIEWIH 
�    ����
 ERH LEVHRIWW HIGVIEWIH �    ����
 HYVMRK 
WXSVEKI� 8LMW QE] HYI XS MRGVIEWIH TVSXISP]XMG EGXMZMX] 
XLEX VIHYGIH XLI TVSXIMR RIX[SVO� LIRGI� LEVHRIWW HI�
GVIEWIH [LMPI GSLIWMZIRIWW ERH EHLIWMZIRIWW MRGVIEWIH 
�0E[VIRGI IX EP�� ����� .SLRWSR ERH 0YGI]� ����
� -R 
EHHMXMSR� VIHYGXMSRW MR 'E ERH 4 GSRXIRXW HYVMRK WXSV�

EKI QE] LEZI HIGVIEWIH GVSWW�PMROEKI FIX[IIR GEWIMRW� 
VIWYPXMRK MR HIGVIEWIH LEVHRIWW �+YMRII IX EP�� ����� 
.SWLM IX EP�� ����
�

%PXLSYKL E WPMKLX HMJJIVIRGI MR XI\XYVI TVSJMPI [EW 
SFWIVZIH FIX[IIR I\TIVMQIRXEP GLIIWIW EX WTIGMJMG WEQ�
TPMRK XMQIW� RS WMKRMJMGERX �  " ����
 HMJJIVIRGI [EW 
SFWIVZIH EQSRK I\TIVMQIRXEP GLIIWIW HYVMRK QSWX SJ 
XLI WXSVEKI TIVMSH� 8LMW QE] FI EXXVMFYXIH XS REXYVEP 
HMJJIVIRGIW FIX[IIR GLIIWIW PSEZIW ERH RSX VIPEXIH XS 
WEPXMRK XVIEXQIRXW� 8LIWI JMRHMRKW EVI MR EGGSVHERGI 
[MXL XLSWI SJ %]]EWL ERH 7LEL �����
 ERH /EXWMEVM 
IX EP� ������ ����
� [LS VITSVXIH RS WMKRMJMGERX �  
" ����
 HMJJIVIRGIW FIX[IIR I\TIVMQIRXEP GLIIWIW MR 
XI\XYVEP TVSJMPI SJ *IXE� /IJEPSKVEZMIVE� ERH ,EPPSYQM 
GLIIWIW�

,EVHRIWW ERH KYQQMRIWW [IVI TSWMXMZIP] GSVVIPEXIH 
�    ����
 [MXL 'E �V�ZEPYIW JVSQ ���� XS ���� ERH 
���� XS ����� VIWTIGXMZIP]
 ERH 4 �JVSQ ���� XS ���� ERH 
���� XS ����� VIWTIGXMZIP]
� LS[IZIV� GSLIWMZIRIWW ERH 
EHLIWMZIRIWW [IVI GSVVIPEXIH RIKEXMZIP]� 8LMW TVSZMHIW 
JYVXLIV I\TPEREXMSR EW XS [L] GEPGMYQ VIHYGXMSR MQ�
TVSZIH WSJXIRMRK SJ 2EFYPWM GLIIWIW�

8EFPI �� ;EXIV�WSPYFPI 2 �;72
� 8'%�WSPYFPI 2 �8'%�72
� TLSWTLSXYRKWXMG EGMH�WSPYFPI 2 �48%�72
� ERH XSXEP ZMEFPI GSYRX �8:'
 SJ 
2EFYPWM GLIIWIW WXSVIH MR � PIZIPW SJ 2E'P ERH /'P HYVMRK WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI� 

7XSVEKI  
�QS


7EPX  
XVIEXQIRX�

4EVEQIXIV�

;72 8'%�72 48%�72 8:'

� % ���� � ����F ���� � ����E ���� � ����E 2(�

& ���� � ����E ���� � ����E ���� � ����E 2(
EF ���� � ����E ���� � ����E 2(
EF ���� � ����E ���� � ����E 2(

� % ���� � ����E ���� � ����E ���� � ����E ���� � ����E

& ���� � ����E ���� � ����E ���� � ����E ���� � ����F

' ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

( ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

� % ���� � ����F ���� � ����E ���� � ����E ���� � ����E

& ���� � ����EF ���� � ����E ���� � ����E ���� � ����EF

' ���� � ����EF ���� � ����E ���� � ����E ���� � ����F

( ���� � ����E ���� � ����E ���� � ����E ���� � ����F

� % ���� � ����E ���� � ����E ���� � ����E ���� � ����E

& ���� � ����F ���� � ����F ���� � ����F ���� � ����E

' ���� � ����F ���� � ����F ���� � ����F ���� � ����E

( ���� � ����EF ���� � ����F ���� � ����F ���� � ����E

� % ���� � ����F ���� � ����E ���� � ����E ���� � ����E

& ���� � ����F ���� � ����E ���� � ����F ���� � ����E

' ���� � ����F ���� � ����E ���� � ����F ���� � ����E

( ���� � ����E ���� � ����E ���� � ����F ���� � ����E

� % ���� � ����G ���� � ����F ���� � ����E ���� � ����E

& ���� � ����F ���� � ����G ���� � ����G ���� � ����E

' ���� � ����FG ���� � ����H ���� � ����G ���� � ����E

( ���� � ����E ���� � ����E ���� � ����F ���� � ����E

EiH1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �  " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�
�;72 ! [EXIV�WSPYFPI 2 EW E TIVGIRXEKI SJ XSXEP 2� 8'%�72 ! ��	 8'%�WSPYFPI 2 EW E TIVGIRXEKI SJ XSXEP 2� 48%�72 ! �	 TLSWTLSXYRKWXMG 
EGMH�WSPYFPI 2 EW E TIVGIRXEKI SJ XSXEP 2� 8:' ! XSXEP ZMEFPI GSYRX �PSK�� GJY�K
�
�2( ! RSX HIXIGXIH�
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Na, K, Ca, and P

8LI GSRGIRXVEXMSRW �QK���� K SJ GLIIWI
 SJ 2E� /� 
'E� ERH 4 MR XLI � I\TIVMQIRXEP GLIIWIW HYVMRK WXSVEKI 
EVI TVIWIRXIH MR *MKYVIW �� �� �� ERH �� VIWTIGXMZIP]� 8LI 
GSRXIRX SJ 2E ZEVMIH �    ����
 [MXL FVMRI WSPYXMSR ERH 

WXSVEKI XMQI �*MKYVI �
� 8LI HMJJIVIRGI MR 2E GSRXIRX 
MR GLIIWIW OITX MR � FVMRI WSPYXMSRW [EW WMKRMJMGERX �  
  ����
� 2E GSRXIRXW MR 2EFYPWM GLIIWIW VEROIH MR XLI 
SVHIV % " & " ' " (� [LMGL [EW MR PMRI [MXL XLI 
EQSYRX SJ 2E MR GLIIWIW� %REP]WMW SJ ZEVMERGI WLS[IH 
XLEX 2E GSRXIRXW MRGVIEWIH �    ����
 MR I\TIVMQIRXEP 

8EFPI �� ,EVHRIWW �2
� GSLIWMZIRIWW� EHLIWMZIRIWW �.�Q�
� ERH KYQQMRIWW �2
 SJ 2EFYPWM GLIIWIW WXSVIH MR � PIZIPW SJ 2E'P ERH /'P HYVMRK 
WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI� 

7XSVEKI  
�QS


7EPX  
XVIEXQIRX� ,EVHRIWW 'SLIWMZIRIWW %HLIWMZIRIWW +YQQMRIWW

� % ����� � ����E ���� � ����F ���� � ����F ����� � ����E

& ����� � ���E ���� � ����E ���� � ����E ����� � ����E

' ����� � ����E ���� � ����EF ���� � ����F ����� � ����E

( ����� � ����E ���� � ����EF ���� � ����EF ����� � ����E

� % ����� � ����E ���� � ����E ���� � ����F ������� � ����E

& ����� � ���EF ���� � ����F ���� � ����EF ����� � ����F

' ����� � ���EF ���� � ����F ���� � ����EF ����� � ����F

( ����� � ����F ���� � ����F ���� � ����E ����� � ����F

� % ����� � ����E ���� � ����E ���� � ����F ����� � ����E

& ����� � ���FG ���� � ����E ���� � ����EF ����� � ����EF

' ����� � ���EF ���� � ����E ���� � ����F ����� � ����EF

( ���� � ���G ���� � ����E ���� � ����E ����� � ����F

� % ����� � ���F ���� � ����E ���� � ����E ����� � ����E

& ����� � ���E ���� � ����F ���� � ����E ����� � ����E

' ����� � ���EF ���� � ����F ���� � ����E ����� � ����E

( ����� � ����EF ���� � ����F ���� � ����E ����� � ����E

� % ����� � ���E ���� � ����E ���� � ����E ����� � ����E

& ����� � ���E ���� � ����G ���� � ����E ����� � ���F

' ����� � ���E ���� � ����F ���� � ����E ����� � ����EF

( ����� � ���E ���� � ����EF ���� � ����E ����� � ����EF

� % ����� � ����E ���� � ����E ���� � ����E ����� � ����E

& ����� � ���E ���� � ����F ���� � ����E ����� � ����EF

' ����� � ���E ���� � ����F ���� � ����E ����� � ����EF

( ���� � ���E ���� � ����F ���� � ����E ����� � ����F

EiG1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �  " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�

*MKYVI �� 7SHMYQ GSRXIRXW SJ 2EFYPWM GLIIWIW OITX [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! 
�2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
� HYVMRK WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI�
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GLIIWIW HYVMRK WXSVEKI JSV EPP WEPX XVIEXQIRXW I\GITX JSV 
(� 8LMW QE] FI HYI XS 2E QMKVEXMSR JVSQ LMKL GSRGIR�
XVEXMSR �FVMRI WSPYXMSR
 XS PS[IV GSRGIRXVEXMSR MR GLIIWI 
PSEZIW �+IYVXW IX EP�� ����
� 8LI 2E GSRXIRX MR 2EFYPWM 
GLIIWIW WXSVIH MR FVMRI WSPYXMSR ( MRGVIEWIH �  " ����
 
HYVMRK WXSVEKI� [LMGL QE] FI HYI XS XLI LMKL TIRIXVE�

XMSR JEGXSV SJ / GSQTEVIH [MXL 2E ERH XLI PS[IV 2E 
XLER / GSRGIRXVEXMSR MR FVMRI WSPYXMSR (� >SVVMPPE ERH 
6YFMSPS �����
 VITSVXIH XLEX /'P GSRGIRXVEXMSRW MR XLI 
MRRIV VMRKW SJ IEGL WPMGI SJ *]RFS GLIIWI [IVI KVIEXIV 
XLER 2E'P GSRGIRXVEXMSRW� 8LIWI JMRHMRKW EKVII [MXL 
XLSWI SJ SXLIV VIWIEVGLIVW �/EXWMEVM IX EP�� ����� ����� 

*MKYVI �� 4SXEWWMYQ GSRXIRXW SJ 2EFYPWM GLIIWIW OITX [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' 
! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
� HYVMRK WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI�

*MKYVI �� 'EPGMYQ GSRXIRXW SJ 2EFYPWM GLIIWIW OITX [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' 
! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
� HYVMRK WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI�
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%]]EWL ERH 7LEL� ����E
� [LS VITSVXIH XLEX 2E GSR�
XIRXW MRGVIEWIH HYVMRK WXSVEKI MR *IXE� /IJEPSKVEZMIVE� 
ERH ,EPPSYQM GLIIWIW�

8LI GSRXIRX SJ / ZEVMIH �    ����
 HITIRHMRK SR 
XLI FVMRI WSPYXMSR ERH WXSVEKI XMQI �*MKYVI �
� 8LI 

HMJJIVIRGIW MR / GSRXIRX EQSRK I\TIVMQIRXEP GLIIWIW 
OITX MR � FVMRI WSPYXMSRW [IVI WMKRMJMGERX �    ����
� 
/ GSRXIRXW MR 2EFYPWM GLIIWIW VEROIH MR XLI SVHIV ( 
" ' " & " %� EGGSVHMRK XS FVMRI WSPYXMSRW� %REP]WMW 
SJ ZEVMERGI WLS[IH XLEX / GSRXIRXW MRGVIEWIH �    

*MKYVI �� 4LSWTLSVYW GSRXIRXW SJ 2EFYPWM GLIIWIW OITX [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� 
' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
� HYVMRK WXSVEKI JSV � QS EX VSSQ XIQTIVEXYVI�

*MKYVI �� )RZMVSRQIRXEP WGERRMRK IPIGXVSR QMGVSKVETL SJ 2EFYPWM GLIIWIW OITX [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! 
�2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
� EX � QS �TERIP %
 ERH � QS �TERIP &
� 8LI MRHMZMHYEP QMGVSKVETLW 
GSVVIWTSRH XS XVIEXQIRXW %� &� '� ERH ( �JVSQ PIJX XS VMKLX
� 
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����
 MR I\TIVMQIRXEP GLIIWIW HYVMRK WXSVEKI JSV EPP WEPX 
XVIEXQIRXW I\GITX JSV %� 8LI / GSRXIRXW SJ 2EFYPWM 
GLIIWIW OITX MR FVMRI WSPYXMSR % HIGVIEWIH �  " ����
 
HYVMRK WXSVEKI� 8LMW XVIRH QE] FI EXXVMFYXIH XS XLI 
LMKL / GSRXIRX XLEX EPVIEH] I\MWXIH MR GLIIWIW JSV 
XVIEXQIRX %� LIRGI� / QMKVEXIH JVSQ GLIIWIW XS XLI 
FVMRI XS VIEGL IUYMPMFVMYQ FIX[IIR GLIIWIW ERH FVMRI 
WSPYXMSR�

%REP]WMW SJ ZEVMERGI WLS[IH XLEX 'E ERH 4 GSRXIRXW 
MR I\TIVMQIRXEP GLIIWI HIGVIEWIH �    ����
 HYVMRK 
WXSVEKI [MXLMR E WEPX XVIEXQIRX� 8LMW QE] FI EXXVMFYXIH 
XS QMKVEXMSR SJ 'E ERH 4 [MXL QSMWXYVI QMKVEXMSR JVSQ 
GLIIWI XS FVMRI WSPYXMSR �%]]EWL ERH 7LEL� ����E
� 
4IEVWSR GSVVIPEXMSR ZEPYIW FIX[IIR 'E ERH 4 VERKIH 
JVSQ ���� XS ����� 2S WMKRMJMGERX �  " ����
 HMJJIVIRGIW 
[IVI SFWIVZIH MR 'E ERH 4 GSRXIRXW FIX[IIR I\TIVM�
QIRXEP GLIIWIW EX XLI WEQI WXSVEKI XMQI� 8LIWI JMRHMRKW 
EVI MR EGGSVHERGI [MXL %]]EWL ERH 7LEL �����E
� [LS 
VITSVXIH E WMQMPEV XVIRH JSV 'E MR ,EPPSYQM GLIIWI OITX 
MR � FVMRI WSPYXMSRW�

Microstructure

8LI )7)1 MQEKIW SJ I\TIVMQIRXEP GLIIWIW EX � ERH 
� QS SJ WXSVEKI EVI WLS[R MR *MKYVI � �TERIPW % ERH &� 
VIWTIGXMZIP]
� 1MGVSKVETLW WLS[ GSQTEGX� VSYKL� ERH 
GPSWIH WXVYGXYVIW [MXL WQEPP ZSMHW MR EPP I\TIVMQIRXEP 
GLIIWIW� 1MGVSWXVYGXYVI SJ 2EFYPWM GLIIWIW OITX MR ZEVM�
SYW 2E'P ERH /'P QM\XYVIW HMH RSX ETTIEV XS HMJJIV 
GSQTEVIH [MXL GSRXVSP GLIIWIW� %JXIV � QS SJ WXSVEKI� 
EPP I\TIVMQIRXEP GLIIWIW WLS[IH WQSSXL XI\XYVI GSQ�
TEVIH [MXL GLIIWIW EX � QS� 8LMW QE] FI VIPEXIH XS E 
VIHYGXMSR MR 'E GSRXIRX HYVMRK WXSVEKI� VIWYPXMRK MR E 
WQSSXL ERH QSVI LSQSKIRISYW GLIIWI QMGVSWXVYGXYVI 
�.SWLM IX EP�� ����
 ERH ER MRGVIEWI MR TVSXISP]XMG EGXMZ�
MX] HYVMRK WXSVEKI� [LMGL MR XYVR MRGVIEWIH MRXIVQIHM�
EXI TVSHYGXW XLEX GSYPH LSPH [EXIV ERH GPSWI ZSMHW MR 
TVSXIMR RIX[SVO�

CONCLUSIONS

7XSVEKI SJ 2EFYPWM GLIIWIW MR FVMRI WSPYXMSRW TEVXMEPP] 
WYFWXMXYXIH [MXL /'P EX �2E'P��/'P� �2E'P��/'P� SV 
�2E'P��/'P HMH RSX WMKRMJMGERXP] EJJIGX GLIQMGEP GSQ�
TSWMXMSR SV XI\XYVI TVSJMPI GLEVEGXIVMWXMGW� 4VSXISP]XMG 
EGXMZMX] SJ 2EFYPWM GLIIWIW OITX MR FVMRI WSPYXMSRW [MXL 
E LMKLIV EQSYRX SJ /'P [EW KVIEXIV GSQTEVIH [MXL 
XLEX MR GSRXVSP GLIIWIW� 4IRIXVEXMSR SJ /'P [EW KVIEXIV 
XLER XLEX SJ 2E'P MR XLI FVMRI WSPYXMSR� 7XSVEKI XMQI 
WMKRMJMGERXP] EJJIGXIH XLI QSMWXYVI� EWL� TVSXIMR� TVSXI�
SP]WMW �;72 ERH 8'%�72
� 'E� 4� XSXEP ZMEFPI GSYRX� 
LEVHRIWW� ERH KYQQMRIWW SJ 2EFYPWM GLIIWIW [MXLMR E 
WEPX XVIEXQIRX�
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GLIIWI�  %YWX� .� (EMV] 8IGLRSP�  ������i����
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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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.� (EMV] 7GM�  �� �����i����

HSM�  ��������NHW����������  

� %QIVMGER (EMV] 7GMIRGI %WWSGMEXMSR��  ���� �

  %&786%'8 

  8LI IJJIGX SJ 2E'P WYFWXMXYXMSR [MXL /'P SR GLIQM�
GEP GSQTSWMXMSR� SVKERMG EGMHW TVSJMPI� WSPYFPI GEPGMYQ� 
ERH JYRGXMSREPMX] SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI 
�011'
 [EW MRZIWXMKEXIH� *YRGXMSREPMX] �QIPXEFMPMX] 
ERH FVS[RMRK
� SVKERMG EGMHW TVSJMPI� ERH GLIQMGEP 
GSQTSWMXMSR [IVI HIXIVQMRIH� 'LIQMGEP GSQTSWMXMSR 
WLS[IH RS WMKRMJMGERX HMJJIVIRGI FIX[IIR I\TIVMQIRXEP 
GLIIWIW EX WEQI WXSVEKI TIVMSH� ERH WEQI WEPX XVIEX�
QIRX� 1IPXEFMPMX] SJ 011' WEPXIH [MXL �2E'P��/'P� 
�2E'P��/'P� ERH �2E'P��/'P [EW LMKLIV GSQTEVIH 
[MXL SRP] 2E'P �GSRXVSP
� 8LI EQSYRX SJ WSPYFPI 'E 
ERH 4 MRGVIEWIH WMKRMJMGERXP] HYVMRK WXSVEKI� [MXL RS 
WMKRMJMGERX HMJJIVIRGI FIX[IIR WEPX XVIEXQIRXW� 3VKERMG 
EGMHW TVSJMPI HMH RSX HMJJIV FIX[IIR WEPX XVIEXQIRXW EX 
XLI WEQI WXSVEKI XMQI� 
  /I] [SVHW�    2E'P WYFWXMXYXMSR �  GLIQMGEP GSQTSWMXMSR � 
 JYRGXMSREP TVSTIVX] �  PS[�QSMWXYVI 1S^^EVIPPE GLIIWI 

  -2863(9'8-32 

  7EPX �2E'P
 MW XVEHMXMSREPP] YWIH EW E TVIWIVZEXMZI 
ERH MW EHHIH XS GLIIWIW XS GSRXVSP FEGXIVMEP KVS[XL ERH 
IR^]QI EGXMZMX]� ERH XS MQTVSZI JPEZSV �+YMRII ERH 
*S\� ����� (S]PI ERH +PEWW� ����
� ,S[IZIV� ER MR�
GVIEWIH PIZIP SJ 2E'P MR JSSHW PIEHW XS LIEPXL TVSFPIQW 
�*MX^KIVEPH ERH &YGOPI]� ����
� 8LI VIGSQQIRHIH 
HEMP] MRXEOI JSV WSHMYQ MW ��� K� IUYMZEPIRX XS ��� QQSP 
SJ 2E SV ��� K SJ 2E'P �/ETPER� ����
� XLI HEMP] WSHMYQ 
MRXEOI MR HIZIPSTIH GSYRXVMIW MW �� XS �� XMQIW LMKLIV 
XLER XLI VIGSQQIRHIH HEMP] MRXEOI �(MPPSR� ����
� 
7EPX GSRXVMFYXIW XS L]TIVXIRWMSR� [LMGL MR XYVR� GEYWIW 
GEVHMSZEWGYPEV HMWIEWI� 4SWMXMZI GSVVIPEXMSRW FIX[IIR 
WEPX ERH SWXISTSVSWMW �,IERI]� ����
 ERH OMHRI] WXSRIW 
LEZI FIIR VITSVXIH� 7EPX GSRXIRX MR GLIIWIW ZEVMIW JVSQ 
���	 MR 7[MWW�X]TI GLIIWI XS EFSYX �	 MR FVMRIH GLIIW�
IW �7MLYJI IX EP�� ����� 1EWWI]� ����� ,IERI]� ����
� 
8LI ;SVPH ,IEPXL 3VKERM^EXMSR LEW VIGSQQIRHIH XLEX 
JSSH QERYJEGXYVIVW VIHYGI XLI WEPX GSRXIRX MR XLIMV 

TVSHYGXW �;SVPH ,IEPXL 3VKERM^EXMSR� ����
� (EMV] 
TVSHYGXW� IWTIGMEPP] GLIIWI� GSRXVMFYXI �� XS ��	 SJ 
XSXEP WSHMYQ MRXEOI �+YMRII� ����E�F� 8EQMQI� ����
� 
8LIVIJSVI� XLIVI MW MRGVIEWIH MRXIVIWX [SVPH[MHI MR TVS�
HYGMRK GLIIWIW [MXL PS[ WSHMYQ GSRXIRX �(IQSXX� ����� 
1G1ELSR� ����
� ,S[IZIV� [LIR WEPX GSRGIRXVEXMSR MR 
GLIIWIW MW VIHYGIH� TVSXISP]WMW� [EXIV EGXMZMX]� EGMHMX]� 
ERH FMXXIVRIWW MRGVIEWI� JMVQRIWW HIGVIEWIW �/EXWMEVM 
IX EP�� ����
� ERH MVVIKYPEV JIVQIRXEXMSR SGGYVW �.SLR�
WSR IX EP�� ����
� %GGSVHMRKP]� WYFWXMXYXMSR SJ 2E'P 
[MXL SXLIV WEPXW LEW FIIR GSRWMHIVIH EW ER EPXIVREXMZI 
XIGLRMUYI XS VIHYGI WSHMYQ MR GLIIWIW� 4SXEWWMYQ 
GLPSVMHI �/'P
 LEW FIIR VIGSKRM^IH EW E TSXIRXMEP WEPX 
XS WYFWXMXYXI 2E'P �4IXMO� ����
� % QM\XYVI SJ 2E'P 
ERH /'P LEW FIIR WYGGIWWJYPP] YWIH MR ZEVMSYW GLIIWIW 
[MXLSYX ER] EHZIVWI IJJIGXW SR GLIIWI UYEPMX] �6IHH] 
ERH 1EVXL� ����
� MRGPYHMRK ,EPPSYQM GLIIWI �%]]EWL 
ERH 7LEL� ����
� /IJEPSKVEZMIVE GLIIWI �/EXWMEVM IX EP�� 
����� ����
� ERH 'LIHHEV GLIIWI �/EXWMEVM IX EP�� ����
� 
LS[IZIV� RS MRJSVQEXMSR MW EZEMPEFPI SR PS[�QSMWXYVI 
1S^^EVIPPE GLIIWI �011'
� 0S[�QSMWXYVI 1S^^EVIPPE 
GLIIWI MW SRI SJ XLI QSWX TSTYPEV GLIIWIW MR XLI [SVPH 
YWIH JSV TM^^E QERYJEGXYVMRK� 4VSHYGXMSR SJ 011' 
LEW FIIR MRGVIEWMRK VETMHP] SZIV XLI PEWX � HIGEHIW 
�/MRHWXIHX� ����� /MRHWXIHX IX EP�� ����
� ,IRGI� TVS�
HYGMRK PS[�WEPX 011' [MPP FI MR PMRI [MXL [SVPH[MHI 
HIQERHW XS VIHYGI WEPX MR JSSH� 8LI EMQ SJ XLMW WXYH] 
[EW XS I\EQMRI XLI IJJIGX SJ 2E'P WYFWXMXYXMSR [MXL 
/'P SR GLIQMGEP GSQTSWMXMSR� SVKERMG EGMHW TVSJMPI� ERH 
JYRGXMSREP TVSTIVXMIW SJ 011'� 

  1%8)6-%07 %2( 1)8,3(7 

  'LIIWI 1EOMRK 

  *YPP�JEX ��	 JEX
 LSQSKIRM^IH ERH TEWXIYVM^IH 
FSZMRI QMPO [EW TYVGLEWIH JVSQ E PSGEP HEMV] TPERX 
�1IPFSYVRI� :MGXSVME� %YWXVEPME
� 0S[�QSMWXYVI 1S^�
^EVIPPE GLIIWI [EW QERYJEGXYVIH EGGSVHMRK XS *IIRI] 
IX EP� �����
 [MXL WSQI QSHMJMGEXMSRW �*MKYVI �
� *SVX] 
PMXIVW SJ QMPO [EW XIQTIVIH XS ���' ERH MRSGYPEXIH 
[MXL 8''�� HMVIGX�MR�ZEX WXEVXIV GYPXYVI �'LV� ,ERWIR� 
&E]W[EXIV� :MGXSVME� %YWXVEPME
 GSRWMWXMRK SJ 7XVITXS�
GSGGYW XLIVQSTLMPYW ERH 0EGXSFEGMPPYW HIPFVYIGOMM WWT� 

  8LI IJJIGX SJ WYFWXMXYXMSR SJ 2E'P [MXL /'P SR GLIQMGEP GSQTSWMXMSR 
ERH JYRGXMSREP TVSTIVXMIW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI 

  1� 1� %]]EWL  ERH  2� 4�   7LEL �

  7GLSSP SJ &MSQIHMGEP ERH ,IEPXL 7GMIRGIW� :MGXSVME 9RMZIVWMX]� ;IVVMFII 'EQTYW� 43 &S\ ������ 1IPFSYVRI� :MGXSVME ����� %YWXVEPME 

  

  

 6IGIMZIH (IGIQFIV ��� �����
 %GGITXIH %TVMP �� �����
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.SYVREP SJ (EMV] 7GMIRGI :SP� �� 2S� �� ����

FYPKEVMGYW� [LMGL [EW EHHIH EGGSVHMRK XS XLI QERY�
JEGXYVIVtW MRWXVYGXMSRW� %JXIV �� QMR� GL]QSWMR �'LV� 
,ERWIR
 HMPYXIH �����
 [MXL HMWXMPPIH [EXIV [EW EHHIH 
EGGSVHMRK XS XLI QERYJEGXYVIVtW MRWXVYGXMSRW� ERH QMPO 
GSEKYPEXIH MR �� QMR� 'YVH [EW GYX XS ��GQ GYFIW ERH 
GSSOIH EX ���' [MXL E GSRXMRYSYW EKMXEXMSR JSV �� QMR� 
;LI] [EW HVEMRIH ERH QERYEPP] TVIWWIH XS VIPIEWI EH�
HMXMSREP [LI] JVSQ XLI GYVH� 8LI GYVH [EW GLIHHEVIH 
ERH QMPPIH YRXMP XLI T, SJ XLI WPEFW VIEGLIH ��� XS 
���� 8LI QMPPIH GYVH [EW HV]�WEPXIH EX �� K�OK YWMRK � 
GSQFMREXMSRW SJ 2E'P ERH /'P� 2E'P SRP] �%� GSRXVSP
� 
�2E'P��/'P �&
� �2E'P��/'P �'
� ERH �2E'P��/'P 
�(
 ERH EPPS[IH XS QIPPS[ JSV �� QMR� 8LI WEPXIH GYVH 
[EW TPEWXMGM^IH MR �	 FVMRI WSPYXMSRW �%� &� '� ERH (
 
EX ���' JSV � QMR� 8LI TPEWXMGM^IH GYVH [EW QSPHIH 
MR GMVGYPEV QSPHW �b��� OK TIV FPSGO
� 'LIIWI FPSGOW 
[IVI OITX MR E VIJVMKIVEXSV YRXMP XLI FPSGO XIQTIVEXYVI 
VIEGLIH ���'� 8LI PEVKIV GMVGYPEV FPSGOW [IVI GYX VEHM�
EPP] MRXS WQEPP FPSGOW ���� K TIV FPSGO
 ERH XLIR IEGL 
FPSGO [EW ZEGYYQ�TEGOEKIH MRXS FEVVMIV FEKW YWMRK E 
1YPXMZEG %������ QEGLMRI �1YPXMZEG 7ITT ,EKKIR�
QYPPIV /+� ;SPJIVXWGL[IRHIR� +IVQER]
 JSPPS[IH F] 
WXSVEKI EX ��' JSV �� H� %PP I\TIVMQIRXEP GLIIWIW [IVI 
QEHI MR XVMTPMGEXI�

7EQTPMRK

7EQTPIW SJ 011' JVSQ EPP WEPX XVIEXQIRXW [IVI 
XEOIR EX �� �� ��� ERH �� H SJ WXSVEKI� 8LI [LSPI ���� K
 
FPSGO [EW [MTIH [MXL E TETIV XS[IP ERH WLVIHHIH� ERH 
XLIR WYFWEQTPIW [IVI XEOIR JSV XLI JSPPS[MRK EREP]WIW�

'LIQMGEP 'SQTSWMXMSR

1SMWXYVI [EW HIXIVQMRIH F] XLI SZIR�HV]MRK QIXLSH 
EX ����'� TVSXIMR F] XLI /NIPHELP QIXLSH� JEX F] XLI 
&EFGSGO QIXLSH� ERH EWL YWMRK XLI QYJJPI JYVREGI 
QIXLSH EGGSVHMRK XS %3%' �����
� *SV T, QIEWYVI�
QIRX� KVEXIH GLIIWI ��� K
 [EW QEGIVEXIH [MXL �� Q0 
SJ HMWXMPPIH [EXIV� ERH XLI T, SJ XLI VIWYPXERX WPYVV] 
[EW QIEWYVIH YWMRK E GEPMFVEXIH HMKMXEP T, QIXIV 
�1IXIV0EF� 4EGMJMG 0EFSVEXSV] 4VSHYGXW� &PEGOFYVR� 
:MGXSVME� %YWXVEPME
�

3VKERMG %GMHW %REP]WMW

0EGXMG� GMXVMG� ERH EGIXMG EGMHW [IVI HIXIVQMRIH YWMRK 
,40' EGGSVHMRK XS %]]EWL ERH 7LEL �����
� &VMIJP]� 
KVEXIH GLIIWI WEQTPIW �� K
 [IVI XEOIR JVSQ WLVIHHIH 
GLIIWI� FPIRHIH [MXL �� Q0 SJ ����� 2 WYPJYVMG EGMH 
ERH �� �0 SJ ���� 2 RMXVMG EGMH� ERH LSQSKIRM^IH YW�
MRK ER 9PXVEXYVVE\ LSQSKIRM^IV �.EROI 
 /YROIP /�+�� 
7XEYJIR M� &VIMWKEY� +IVQER]
 EX ������ VTQ� %JXIV 
WXERHMRK JSV � L MR E ���' [EXIV FEXL� XLI WPYVV] [EW 

GIRXVMJYKIH JSV �� QMR EX ����� » K EX ��'� 8LI WSPYFPI 
JVEGXMSR ���� Q0
 PSGEXIH FIX[IIR XLI YTTIV PE]IV �JEX
 
ERH XLI TVIGMTMXEXI �GEWIMR
 [EW JYVXLIV GIRXVMJYKIH 
������� » K� �� QMR
 YWMRK E FIRGL�XST GIRXVMJYKI 
�68�� 7SVZEPP� 2I[XS[R� '8
� 8LI WYTIVREXERX [EW 
JMPXIVIH YWMRK E ������Q JMPXIV �1MPPI\� 1MPPMTSVI� &IH�
JSVH� 1%
 ERH EPMUYSXW SJ ETTVS\MQEXIP] � Q0 JVSQ 
IEGL WEQTPI [IVI WXSVIH MR ,40' ZMEPW EX n���' YRXMP 
EREP]^IH� 8LI ,40' W]WXIQ GSRWMWXIH SJ E :EVMER ���� 
WSPZIRX HIPMZIV] W]WXIQ� E :EVMER ���� EYXS�WEQTPIV� 
E :EVMER ���� ZEVMEFPI [EZIPIRKXL 9:�ZMWMFPI XYREFPI 
EFWSVFERGI HIXIGXSV ERH E ��� HEXE QSHYPI �:EVMER 
-RG�� 4EPS %PXS� '%
� %R %QMRI\ ,4<���, GSPYQR 
���� » ��� QQ� &MS�6EH 0EFSVEXSVMIW� 6MGLQSRH� '%
� 
[EW YWIH� 7YPJYVMG EGMH ������ 2
� JMPXIVIH XLVSYKL E 
������Q QIQFVERI JMPXIV �1MPPI\� 1MPPMTSVI
� [EW YWIH 
EW E QSFMPI TLEWI EX E JPS[ VEXI SJ ��� Q0�QMR� 8LI 
HIXIGXMSR HIZMGI [EW ER 9:�ZMWMFPI HIXIGXSV WIX EX ��� 
RQ [MXL VYRRMRK XMQI SJ �� QMR�

(IXIVQMREXMSR SJ 2E� /� 'E� ERH 4 'SRXIRXW  

F] 1YPXMX]TI -RHYGXMZIP] 'SYTPIH 4PEWQE

%XSQMG )QMWWMSR 7TIGXVSQIXV]

'SRXIRXW SJ 2E� /� 'E� ERH 4 MR GLIIWIW [IVI HIXIV�
QMRIH F] QYPXMX]TI MRHYGXMZIP] GSYTPIH TPEWQE EXSQMG 
IQMWWMSR WTIGXVSQIXV] ?-'4)������ 7LMQEH^Y 7GMIR�
XMJMG -RWXVYQIRXW �3GIERME
 4X] 0XH�� 6]HEPQIVI� 2I[ 
7SYXL ;EPIW� %YWXVEPMEA EGGSVHMRK XS %]]EWL ERH 7LEL 
�����
� ERH GLIIWI WEQTPIW [IVI TVITEVIH EGGSVHMRK XS 
'SVXI^ IX EP� �����
� +VEXIH GLIIWIW �� K
 JVSQ WLVIH�
HIH WEQTPIW [IVI HMKIWXIH MR E QM\XYVI SJ ,23� ERH 
,'P3� ����� 1IVGO 4X]� 0XH�� /MPW]XL� :MGXSVME� %YWXVE�
PME
 SR E LSX TPEXI YRXMP XLI HMKIWXW [IVI GPIEV� 8LI GPIEV 
HMKIWXW [IVI JMPXIVIH [MXL E ������Q JMPXIV ERH EREP]^IH 
YWMRK XLI -'4)������ 8LI -'4)����� GSRWMWXIH SJ ER 
%7'����� EYXSWEQTPIV� E L]HVMHI KIRIVEXSV ,:+�-'4� 
E L]HVSJPYSVMG EGMH WEQTPI MRNIGXMSR W]WXIQ ,*7��� E 
PS[�XIQTIVEXYVI XLIVQSWXEXMG GLEQFIV 2'&������ ERH 
XLI WSJX[EVI TEGOEKI -'4)������ 8S GEPGYPEXI 2E� /� 
'E� ERH 4 GSRGIRXVEXMSRW MR WEQTPIW� E WXERHEVH GYVZI 
GSRWMWXMRK SJ XLI � IPIQIRXW [EW TVITEVIH EX �� ��� ��� 
��� ERH �� �K�Q0�

7SPYFPI 'E ERH 4

7SPYFPI 'E I\TVIWWIH EW TIVGIRXEKI SJ XSXEP 'E MR I\�
TIVMQIRXEP 011' [EW EREP]^IH EGGSVHMRK XS 1IX^KIV 
IX EP� �����
 [MXL WSQI QSHMJMGEXMSRW� &VMIJP]� KVEXIH 
GLIIWI ��� K
 [EW XEOIR JVSQ XLI WLVIHHIH GLIIWI PSX ERH 
LSQSKIRM^IH [MXL �� Q0 SJ 1MPPM5 [EXIV �1MPPI\
 YWMRK 
ER 9PXVEXYVVE\ LSQSKIRM^IV �.EROI 
 /YROIP /�+�
 
EX ������ VTQ JSV � QMR� 8LI GLIIWI WPYVV] [EW GIRXVM�
JYKIH EX ����� » K JSV �� QMR ERH XLIR XLI WYTIVREXERX 
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[EW JMPXIVIH YWMRK E ;LEXQER ��� JMPXIV �;LEXQER 
-RXIVREXMSREP 0XH�� 1EMHWXSRI� 9/
� 8LI JMPXVEXI [EW 
VIJMPXIVIH [MXL E ������Q JMPXIV �1MPPI\
� ERH WSPYFPI 'E 
ERH 4 [IVI EREP]^IH YWMRK MRHYGXMZIP] GSYTPIH TPEWQE 
EXSQMG IQMWWMSR WTIGXVSQIXV] EW HIWGVMFIH EFSZI� 8LI 
'E ERH 4 TIVGIRXEKI [EW GEPGYPEXIH EW JSPPS[�

4IVGIRXEKI WSPYFPI 'E SV 4
7SPYFP

8SXEP
!

'E SV 4 �QK���� K

»���� 

1IPXEFMPMX]

1IPXEFMPMX] SJ 011' [EW HIXIVQMRIH EGGSVHMRK XS 
>MWY ERH 7LEL �����
 YWMRK ����QQ�PSRK KPEWW XYFIW 
[MXL E HMEQIXIV SJ �� QQ ERH E XLMGORIWW SJ � QQ 
�6�&� -RWXVYQIRXW� 1X� )PM^E� :MGXSVME� %YWXVEPME
 [MXL 
WSQI QSHMJMGEXMSRW� % TPYRKIV [EW YWIH XS TEGO �� K 
SJ JMRIP] KVEXIH GLIIWI MRXS XLI KPEWW XYFIW XLEX [IVI 
WIEPIH EX SRI IRH [MXL E VYFFIV WXSTTIV� 8LI SXLIV IRH 
[EW WIEPIH [MXL E TIVJSVEXIH VYFFIV WXSTTIV XS IRGPSWI 
XLI WEQTPI� 8LI PIRKXL SJ XLI GSQTVIWWIH GLIIWI WEQTPI 
[EW QIEWYVIH F] YWMRK E :IVRMIV GEPMTIV� 8YFIW [IVI 
TPEGIH LSVM^SRXEPP] MRXS ER JSVGIH�EMV SZIR TVILIEXIH 
XS ����' ERH OITX JSV ��� QMR� 'LIIWIW [IVI EPPS[IH 
XS GSSP XS VSSQ XIQTIVEXYVI �b���'
 ERH XLI PIRKXL 
SJ XLI QIPXIH GLIIWI [EW VIGSVHIH� 8LI HMJJIVIRGI MR 
XLI MRMXMEP ERH XLI JMREP PIRKXL [EW TVIWIRXIH EW XLI 
QIPX HMWXERGI �GQ
� ERH TIVGIRXEKI MRGVIEWI MR QIPX 
[EW GEPGYPEXIH EW JSPPS[W�

 4IVGIRXEKI QIPXEFMPMX] !
-RMXMEP K K

»  

&VS[RMRK

&VS[RMRK SJ 011' [EW HIXIVQMRIH EGGSVHMRK XS 
&EVFERS IX EP� �����
� +VSYRH GLIIWI WEQTPIW [IVI 
[IMKLIH ��� K
 MRXS ER EPYQMRYQ TER �� GQ MR HMEQIXIV 
ERH � GQ LMKL
 ERH EPPS[IH XS XIQTIV EX VSSQ XIQ�
TIVEXYVI ����'
 FIJSVI LIEXMRK� 8LI TERW GSRXEMRMRK 
XLI WEQTPIW [IVI TPEGIH MRXS E TVILIEXIH� JSVGIH�EMV 
SZIR EX ����' JSV � L� 'LIIWI WEQTPIW [IVI GSSPIH XS 
VSSQ XIQTIVEXYVI� 'SPSV [EW QIEWYVIH YWMRK 1MRSPXE 
'LVSQE�QIXIV '6���� �1MRSPXE 'SVTSVEXMSR 0XH�� 
6EQWI]� 2.
 [LMGL [EW GEPMFVEXIH FIJSVI XIWXMRK� 8LVII 
GSPSV MRHMGIW� 0 �PMKLX XS HEVO
� E �VIH XS KVIIR
� ERH F 
�]IPPS[ XS FPYI
 ZEPYIW� [IVI XEOIR JSV IEGL WEQTPI MR 
XVMTPMGEXI�

7XEXMWXMGEP %REP]WMW

3RI�[E] %23:% [EW TIVJSVQIH XS MRZIWXMKEXI 
WMKRMJMGERX HMJJIVIRGI EX PIZIP ���� FIX[IIR I\TIVMQIR�
XEP GLIIWIW EX WEQI WXSVEKI TIVMSH� *MWLIVtW XIWX [EW 

GEVVMIH SYX XS I\EQMRI HMJJIVIRGIW FIX[IIR QIERW SJ 
I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI XMQI �PIEWX 
WMKRMJMGERX HMJJIVIRGI� 07(
� 8LI WMKRMJMGERGI SJ WXSV�
EKI TIVMSH [EW I\EQMRIH [MXLMR E WEPX XVIEXQIRX YWMRK 
07(� 8[S�[E] %23:% [EW TIVJSVQIH XS MRZIWXMKEXI 
WMKRMJMGERX IJJIGX SJ WEPX XVIEXQIRX ERH WXSVEKI TIVMSH 
MRXIVEGXMSR SR GLIIWI EXXVMFYXIW� 4IEVWSR GSVVIPEXMSRW 
[IVI GEPGYPEXIH XS MRZIWXMKEXI E GSVVIPEXMSR FIX[IIR 
XLI � QIEWYVIH QMRIVEPW ERH SXLIV ZEVMEFPIW [MXLMR XLI 
WEQI WEPX XVIEXQIRX�

6)79087 %2( (-7'977-32

'LIQMGEP 'SQTSWMXMSR

8LI IJJIGXW SJ WYFWXMXYXMSR SJ 2E'P [MXL /'P EX HMJ�
JIVIRX PIZIPW SR GLIQMGEP GSQTSWMXMSR SJ 011' EVI 
TVIWIRXIH MR 8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL 
GSRXIRXW HMH RSX HMJJIV WMKRMJMGERXP] �4 " ���
 FIX[IIR 
I\TIVMQIRXEP GLIIWIW EX WEQI WXSVEKI XMQI� 8LMW QE] 
WYKKIWX XLEX WYFWXMXYXMSR SJ 2E'P [MXL /'P HSIW RSX 
LEZI ER] IJJIGX SR GLIQMGEP GSQTSWMXMSR SJ 011' 
�+YMRII� ����F
� 8LIWI JMRHMRKW EVI MR EGGSVHERGI [MXL 
XLI VIWYPXW SJ %]]EWL ERH 7LEL �����
 ERH /EXWMEVM IX 
EP� ������ ����
� [LS VITSVXIH RS WMKRMJMGERX �4 " ���
 
HMJJIVIRGIW MR GLIQMGEP GSQTSWMXMSR SJ ,EPPSYQM� *IXE� 
ERH /IJEPSKVEZMIVE GLIIWIW� VIWTIGXMZIP]� 8LI %23:% 
WLS[IH RS WMKRMJMGERX HMJJIVIRGI �4 " ����
 MR GLIQM�
GEP GSQTSWMXMSR SJ I\TIVMQIRXEP GLIIWIW HYVMRK WXSVEKI 
[MXLMR E WEPX XVIEXQIRX�

3VKERMG %GMHW 4VSJMPI ERH T, :EPYI

'SRXIRXW SJ PEGXMG� EGIXMG� ERH GMXVMG EGMHW ERH T, 
ZEPYIW SJ 011' QEHI [MXL XLI � WEPX XVIEXQIRXW EVI 
WLS[R MR 8EFPI �� -R KIRIVEP� I\TIVMQIRXEP 011' HMH 
RSX HMJJIV WMKRMJMGERXP] �4 " ����
 MR XIVQW SJ SVKERMG 
EGMHW TVSJMPI SV T, ZEPYI� 8LMW MW MR EKVIIQIRX [MXL 
XLI VIWYPXW SR ,EPPSYQM GLIIWI SJ %]]EWL ERH 7LEL 
�����
� ,S[IZIV� GLIIWIW JVSQ XVIEXQIRXW ' ERH ( 
WLS[IH LMKLIV �4   ����
 GSRXIRXW SJ PEGXMG� GMXVMG� ERH 
EGIXMG EGMHW GSQTEVIH [MXL XLSWI JSV XVIEXQIRXW & ERH 
%� -R EHHMXMSR� T, ZEPYIW SJ GLIIWIW MR XVIEXQIRXW % 
ERH & [IVI PS[IV GSQTEVIH [MXL XLSWI MR ' ERH (� 
8LMW QE] WYKKIWX XLEX [LIR /'P MRGVIEWIH ERH 2E'P 
HIGVIEWIH MR E WEPX XVIEXQIRX� XLI TVSHYGXMSR SJ SVKERMG 
EGMHW MRGVIEWIH� 8LMW EPWS EKVIIW [MXL VIWYPXW SJ %]]EWL 
ERH 7LEL �����
� %PXLSYKL XLI %23:% WLS[IH RS WMK�
RMJMGERX �4 " ����
 IJJIGX SJ WXSVEKI TIVMSH SR SVKERMG 
EGMHW TVSJMPI ERH T, ZEPYI� E WPMKLX HIGVIEWI MR T, ZEPYI 
SGGYVVIH HYVMRK WXSVEKI�

'SRXIRXW SJ 'E� 4� /� ERH 2E 

'SRXIRXW SJ 'E� 4� /� ERH 2E MR I\TIVMQIRXEP 011' 
QEHI [MXL XLI � WEPX XVIEXQIRXW EVI TVIWIRXIH MR *MKYVIW 
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�� �� �� ERH �� VIWTIGXMZIP]� 'SRXIRXW SJ / ERH 2E HMH 
HMJJIV �4   ����
 FIX[IIR I\TIVMQIRXEP GLIIWIW� 8LMW 
I\TIGXIH JMRHMRK [EW HYI XS XLI WEPX QM\XYVIW XLEX [IVI 
EHHIH HYVMRK TVSGIWWMRK SJ 011'� 7MQMPEV VIWYPXW [IVI 
JSYRH F] %]]EWL ERH 7LEL �����
 JSV ,EPPSYQM GLIIWI� 
'SRXIRXW SJ 2E ERH / HMH RSX HMJJIV HYVMRK WXSVEKI 
[MXLMR E WEPX XVIEXQIRX �*MKYVIW � ERH �
� 'SRXIRXW SJ 
'E ERH 4 MR I\TIVMQIRXEP 011' HIGVIEWIH WPMKLXP] �4 
" ����
 HYVMRK WXSVEKI� [MXL RS WMKRMJMGERX HMJJIVIRGIW 
FIX[IIR GLIIWIW WEPXIH [MXL HMJJIVIRX WEPX QM\XYVIW�

7SPYFPI 'E ERH 4

8LI TIVGIRXEKI SJ WSPYFPI 'E ERH 4 MR I\TIVMQIRXEP 
011' MW TVIWIRXIH MR *MKYVIW � ERH �� VIWTIGXMZIP]� 
7SPYFPI 'E ERH 4 TIVGIRXEKIW HMH RSX HMJJIV �4 " ����
 
FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI XMQI 
�*MKYVIW � ERH �
� MRHMGEXMRK XLEX 2E'P ERH /'P LEH 
WMQMPEV IJJIGXW SR WSPYFPI 'E ERH 4 MR 011'� ;MXLMR 
E WEPX XVIEXQIRX� WSPYFPI 'E ERH 4 PIZIPW MRGVIEWIH �4 
  ����
 MR EPP I\TIVMQIRXEP GLIIWIW HYVMRK WXSVEKI� 8LMW 

8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI QEHI [MXL � HMJJIVIRX WEPX XVIEXQIRXW ERH WXSVIH EX ��' 
JSV �� H� 

7XSVEKI  
XMQI �H


7EPX  
XVIEXQIRX� 1SMWXYVI �	
 4VSXIMR �	
 *EX �	
 %WL �	


� % ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 & ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 ' ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 ( ����� � ����E ����� � ����E ����� � ����E ���� � ����E

� % ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 & ����� � ����E ����� � ����E ����� � ����F ���� � ����E

 ' ����� � ����E ����� � ����E ����� � ����F ���� � ����E

 ( ����� � ����E ����� � ����E ����� � ����F ���� � ����E

�� % ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 & ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 ' ����� � ����E ����� � ����E ����� � ����E ���� � ����E

 ( ����� � ����E ����� � ����E ����� � ����E ���� � ����E

�� % ����� � ����EF ����� � ����EF ����� � ����F ���� � ����E

 & ����� � ����F ����� � ����F ����� � ����F ���� � ����E

 ' ����� � ����EF ����� � ����E ����� � ����E ���� � ����E

 ( ����� � ����E ����� � ����E ����� � ����EF ���� � ����E

E�F1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI TIVMSH [MXL WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRXW� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�

8EFPI �� 0EGXMG� EGIXMG� ERH GMXVMG EGMHW GSRXIRX �QK���� K SJ GLIIWI
 ERH T, ZEPYIW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI QEHI [MXL � HMJJIVIRX 
WEPX XVIEXQIRXW ERH WXSVIH EX ��' JSV �� H� 

7XSVEKI  
XMQI �H


7EPX  
XVIEXQIRX� 0EGXMG EGMH %GIXMG EGMH 'MXVMG EGMH T,

� % ������ � ����F ������ � ���F ������ � ���F ���� � ����F

 & ������ � ����EF ������ � ���EF ������ � ���EF ���� � ����EF

 ' ������ � ����E ������ � ���E ������ � ���E ���� � ����EF

 ( ������ � ����EF ������ � ���EF ������ � ���EF ���� � ����E

� % ������ � ����F ������ � ���E ������ � ���E ���� � ����E

 & ������ � ����F ������ � ���E ������ � ���E ���� � ����E

 ' ������ � ���EF ������ � ���E ������ � ���E ���� � ����E

 ( ������ � ����E ������ � ���E ������ � ���E ���� � ����E

�� % ������ � ����E ������ � ���FG ������ � ���E ���� � ����E

 & ������ � ����E ������ � ���G ������ � ���E ���� � ����E

 ' ������ � ����E ������ � ����E ������ � ���E ���� � ����E

 ( ������ � ����E ������ � ���EF ������ � ���E ���� � ����E

�� % ������ � ����E ������ � ����E ������ � ���E ���� � ����EF

 & ������ � ����F ������ � ���E ������ � ���E ���� � ����EF

 ' ������ � ����EF ������ � ���E ������ � ���E ���� � ����F

 ( ������ � ����EF ������ � ���E ������ � ���E ���� � ����E

EiG1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI TIVMSH [MXL WEQI PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRXW� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�
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MW EXXVMFYXIH XS XLI GSRZIVWMSR SJ MRWSPYFPI 'E ERH 4 XS 
WSPYFPI 'E ERH 4 HYVMRK WXSVEKI ERH MW MR EGGSVHERGI 
[MXL XLI VIWYPXW SJ 1IX^KIV IX EP� �����
�

1IPXEFMPMX]

-RGVIEWI MR QIPXEFMPMX]� QIEWYVIH MR GIRXMQIXIVW ERH 
EW E TIVGIRXEKI� SJ I\TIVMQIRXEP 011' HYVMRK WXSVEKI 
MW WLS[R MR *MKYVI �% ERH &� 1IPXEFMPMX] HMH RSX HMJJIV 
�4 " ����
 FIX[IIR I\TIVMQIRXEP 011' EX XLI WEQI 
WXSVEKI XMQI� ,S[IZIV� EX XLI IRH SJ XLI WXSVEKI TI�
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WLS[IH PS[IV TLSWTLSXYRKWXMG EGMH�WSPYFPI 2 GSQTEVIH 
[MXL GSRXVSP �SYV YRTYFPMWLIH HEXE
� 8LYW� FVS[RMRK 
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�

*MKYVI �� 7SPYFPI 'E TIVGIRXEKI SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI 
WEPXIH [MXL � PIZIPW SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
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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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  8LI TVSXISP]XMG ERH %') MRLMFMXSV] EGXMZMXMIW SJ 
PS[�QSMWXYVI 1S^^EVIPPE GLIIWI �011'
 EW EJJIGXIH 
F] TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P [IVI MRZIW�
XMKEXIH� )\TIVMQIRXEP 011' [IVI QEHI ERH WEPXIH 
[MXL � WEPX QM\XYVIW� 2E'P SRP] �GSRXVSP
� �2E'P��/'P� 
�2E'P��/'P� ERH �2E'P��/'P� ERH XLIR TVSXISP]XMG 
EGXMZMX] ERH ERKMSXIRWMR�GSRZIVXMRK IR^]QI MRLMFMXSV] 
EGXMZMX] [IVI HIXIVQMRIH� 7EPX XVIEXQIRX WMKRMJMGERXP] 
EJJIGXIH ERKMSXIRWMR�GSRZIVXMRK IR^]QI MRLMFMXSV] EG�
XMZMX] ERH TLSWTLSXYRKWXMG EGMH�WSPYFPI 2 SJ 011' 
HYVMRK WXSVEKI� ;EXIV�WSPYFPI 2� XVMGLPSVSEGIXMG EGMH�
WSPYFPI 2� PEGXMG EGMH FEGXIVME TSTYPEXMSR� ERH XSXEP JVII 
EQMRS EGMHW [IVI YREJJIGXIH HYVMRK WXSVEKI� 2SRIXLI�
PIWW� [EXIV�WSPYFPI 2 ERH XVMGLPSVSEGIXMG EGMH�WSPYFPI 
2 MRGVIEWIH WMKRMJMGERXP] HYVMRK WXSVEKI [MXLMR E WEPX 
XVIEXQIRX� 4ITXMHI TVSJMPIW ERH YVIE�4%+) KIPW HMH RSX 
HMJJIV FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI 
XMQI� 
  /I] [SVHW�    TVSXISP]WMW �  2E'P WYFWXMXYXMSR �  ERKMSXIR�
WMR�GSRZIVXMRK IR^]QI MRLMFMXMSR �  PS[�QSMWXYVI 1S^�
^EVIPPE GLIIWI 

  -2863(9'8-32 

  4VSXISP]WMW MW XLI QENSV FMSGLIQMGEP IZIRX XS SGGYV 
MR GLIIWI� FIWMHIW KP]GSP]WMW ERH PMTSP]WMW� XLEX EJJIGXW 
XI\XYVEP ERH JYRGXMSREP TVSTIVXMIW SJ GLIIWIW �*S\ ERH 
1G7[IIRI]� ����� 9TEHL]E] IX EP�� ����
� -R KIRIVEP� 
GLIIWIW WLS[ WMQMPEV TVSXISP]WMW XVIRHW� LS[IZIV� HMJ�
JIVIRGIW MR GLIIWI REXYVI ERH QERYJEGXYVMRK TVSGIWWIW 
EJJIGX XLI TVSXISP]XMG TEXXIVR� -R KIRIVEP� TVSXISP]WMW MR 
VIRRIX�GSEKYPEXIH GLIIWIW WXEVXW [MXL VIWMHYEP VIRRIX 
EGXMZMX] SV TPEWQMR VIXEMRIH MR GYVH EJXIV HVEMRMRK SJ 
[LI] ERH MW GEPPIH TVMQEV] TVSXISP]WMW� -R XLMW TLEWI� 
GEWIMRW EVI FVSOIR HS[R XS PEVKI ERH WQEPP TITXMHIW� 
7IGSRH� SXLIV QMPO�MRHMKIRSYW IR^]QIW ERH QMGVSFMEP 
IR^]QIW �TVSXIMREWIW ERH TITXMHEWIW
 L]HVSP]^I PEVKI 
TITXMHI YRMXW XS WQEPPIV YRMXW� *MREPP]� FEGXIVMEP IR�

^]QIW JVSQ PEGXMG EGMH FEGXIVME �0%&
 ERH RSRWXEVXIV 
0%& L]HVSP]^I WQEPP TITXMHIW MRXS HMTITXMHIW ERH 
EQMRS EGMHW �*S\ ERH 1G7[IIRI]� ����� 7SYWE IX EP�� 
����� 9TEHL]E] IX EP�� ����
� 7IZIVEP JEGXSVW LEZI FIIR 
JSYRH XS EJJIGX TVSXISP]WMW MR PS[�QSMWXYVI 1S^^EVIPPE 
GLIIWI �011'
 XLEX MR XYVR EJJIGX MXW GLEVEGXIVMWXMGW� 
MRGPYHMRK VMTIRMRK XIQTIVEXYVI �*IIRI] IX EP�� ����
� 
T, �=YR IX EP�� ����E�F� =E^MGM ERH %OFYPYX� ����
� 
WXEVXIV GYPXYVI X]TI �>MWY ERH 7LEL� ����� ����
� WEPX 
GSRGIRXVEXMSR� FYX RSX WEPX X]TI �6S[RI] IX EP�� ����� 
3PWSR� ����
� QERYJEGXYVMRK TVSGIHYVI �6IRHE IX EP�� 
����� 3WEMPM IX EP�� ����
� ERH GSRGIRXVEXMSR SJ VIR�
RIX �(EZI IX EP�� ����
� 7EPX �2E'P
 MW ER MQTSVXERX 
JEGXSV XLEX EJJIGXW XLI TVSXISP]XMG TEXXIVR SJ 011' 
HYVMRK WXSVEKI� 7EPX VIHYGIW XLI JVII [EXIV EZEMPEFPI MR 
GLIIWI� [LMGL GSRWIUYIRXP] EJJIGXW IR^]QI EGXMZMX] ERH 
KVS[XL SJ 0%& �+YMRII� ����E� 9TEHL]E] IX EP�� ����
� 
%PXLSYKL 2E'P EHHMXMSR MW ER IWWIRXMEP WXIT HYVMRK 
011' TVSHYGXMSR� MX EPWS GEYWIW QENSV LIEPXL LE^EVHW� 
% WXVSRK TSWMXMZI GSVVIPEXMSR LEW FIIR JSYRH FIX[IIR 
2E'P ERH L]TIVXIRWMSR �/SXGLIR� ����
� SWXISTSVSWMW 
�,IERI]� ����
� ERH OMHRI] WXSRIW �1EWWI]� ����
� 
8LI ;SVPH ,IEPXL 3VKERM^EXMSR �����
 VIGSQQIRHIH 
XLEX JSSH QERYJEGXYVIVW VIHYGI WEPX MR XLIMV TVSHYGXW� 
2YQIVSYW WXYHMIW LEZI VITSVXIH E VERKI SJ GSRXVMFY�
XMSR SJ GLIIWI XS HEMP] WSHMYQ MRXEOI �+YMRII� ����F� 
*MWGLIV IX EP�� ����� 1IRIXSR IX EP�� ����� %RHIVWSR IX 
EP�� ����
� [LMGL LMKLPMKLXW XLI RIIH XS VIHYGI 2E'P MR 
QENSV GLIIWIW WYGL EW 011'� 'YVVIRXP]� HEMV] TPERXW 
TVSHYGI XSRRIW SJ 011' TIV HE] �/MRHWXIHX IX EP�� 
����
� 2SRIXLIPIWW� WMQTP] VIHYGMRK 2E'P MR GLIIWIW 
GER EHZIVWIP] EJJIGX GLIIWI UYEPMX] ERH WEJIX]� (IGVIEW�
MRK XLI 2E'P PIZIP EGGIPIVEXIW TVSXISP]WMW� TVSHYGIW SJJ�
JPEZSVW� ERH EPPS[W TEXLSKIRW XS KVS[ �+YMRII� ����F� 
1G1ELSR� ����
� 8LIVIJSVI� WXYHMIW LEZI JSGYWIH SR 
VITPEGMRK 2E'P [MXL /'P� [LMGL MW XLI QSWX WYGGIWW�
JYP GERHMHEXI XS FI YWIH EW 2E'P VITPEGIV �+YMRII� 
����E�F
� -RXEOI SJ /'P MRXEOI LEW RSX FIIR PMROIH XS 
HIZIPSTQIRX SJ L]TIVXIRWMSR SV GEVHMSZEWGYPEV HMWIEWIW 
�&YIQM IX EP�� ����� +IPIMNRWI IX EP�� ����
� *I[ WXYH�
MIW LEZI FIIR GEVVMIH SYX XS MRZIWXMKEXI XLI IJJIGX SJ 
WYFWXMXYXMSR SJ 2E'P [MXL /'P SR TVSXISP]WMW SJ *IXE 
GLIIWI �/EXWMEVM IX EP�� ����
� ,EPPSYQM GLIIWI �%]]EWL 
ERH 7LEL� ����
� ERH *]RFS GLIIWI �>SVVMPPE IX EP�� 

  4VSXISP]WMW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI EW EJJIGXIH 
F] WYFWXMXYXMSR SJ 2E'P [MXL /'P 

  1� 1� %]]EWL  ERH  2� 4�   7LEL �

  7GLSSP SJ &MSQIHMGEP ERH ,IEPXL 7GMIRGIW� :MGXSVME 9RMZIVWMX]� ;IVVMFII 'EQTYW� 43 &S\ ������ 1IPFSYVRI� :MGXSVME ����� %YWXVEPME 

  

  

 6IGIMZIH (IGIQFIV ��� �����
 %GGITXIH %TVMP �� �����
   �   'SVVIWTSRHMRK EYXLSV�  2EKIRHVE�7LEL$ZY�IHY�EY 
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.SYVREP SJ (EMV] 7GMIRGI :SP� �� 2S� �� ����

����
� ,S[IZIV� RS MRJSVQEXMSR MW EZEMPEFPI SR TVSXI�
SP]WMW SV TVSHYGXMSR SJ ERKMSXIRWMR�GSRZIVXMRK IR^]QI 
�%')
 MRLMFMXSV] TITXMHIW MR 011' HYVMRK VMTIRMRK� 
%RKMSXIRWMR�-�GSRZIVXMRK IR^]QI �TITXMH]PHMTITXMHI 
L]HVSPEWI� )' ��������
 MRGVIEWIW FPSSH TVIWWYVI F] 
GSRZIVXMRK ERKMSXIRWMR�- XS ERKMSXIRWMR�--� E TSXIRX ZE�
WSGSRWXVMGXSV� ERH F] HIKVEHMRK FVEH]OMRMR� E ZEWSHMPE�
XSV] TITXMHI �.SLRWXSR� ����
� -RLMFMXMSR SJ %') PIEHW 
XS E HIGVIEWI MR XLI PIZIP SJ XLI ZEWSGSRWXVMGXSV] TITXMHI� 
ERH XLIVIJSVI QE] VIWYPX MR ER ERXML]TIVXIRWMZI IJJIGX 
ERH QE] MRJPYIRGI HMJJIVIRX VIKYPEXSV] W]WXIQW MRZSPZIH 
MR QSHYPEXMRK FPSSH TVIWWYVI� MQQYRI HIJIRWI� ERH 
RIVZSYW W]WXIQ EGXMZMX] �1IMWIP� ����� 3RK ERH 7LEL� 
����
� 8LI TVIWIRGI SJ XLIWI %') MRLMFMXSV] TITXMHIW 
MW MRJPYIRGIH HMVIGXP] F] TVSXISP]WMW� FYX SRP] XS E GIV�
XEMR HIKVII �3RK IX EP�� ����
� 8LIVIJSVI� ERH FIGEYWI 
TVSXISP]WMW MW EJJIGXIH F] WEPX WYFWXMXYXMSR �%]]EWL ERH 
7LEL� ����
� XLI EYXLSVW L]TSXLIWM^IH XLEX %') MR�
LMFMXSV] EGXMZMX] QMKLX FI EJJIGXIH F] WYFWXMXYXMSR SJ 
2E'P [MXL /'P� 8LI SFNIGXMZIW SJ XLMW WXYH] [IVI XS 
MRZIWXMKEXI XLI IJJIGX SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P 
[MXL /'P SR TVSXISP]WMW� TVSHYGXMSR SJ %') MRLMFMXSV] 
TITXMHIW� ERH 0%& KVS[XL HYVMRK VMTIRMRK�

1%8)6-%07 %2( 1)8,3(7

'LIIWI 1EOMRK

,SQSKIRM^IH ERH TEWXIYVM^IH JYPP�JEX ��	 JEX
 
FSZMRI QMPO [EW TYVGLEWIH JVSQ E PSGEP HEMV] TPERX 
�1IPFSYVRI� :MGXSVME� %YWXVEPME
 ERH XIQTIVIH XS 
���'� )\TIVMQIRXEP 011' [EW QERYJEGXYVIH EGGSVH�
MRK XS *IIRI] IX EP� �����
 [MXL WSQI QSHMJMGEXMSRW� 
*SVX] PMXIVW SJ QMPO [EW MRSGYPEXIH [MXL 8''�� HMVIGX�
MR�ZEX WXEVXIV GYPXYVI GSRWMWXMRK SJ 7XVITXSGSGGYW XLIV�
QSTLMPYW ERH 0EGXSFEGMPPYW HIPFVYIGOMM WWT� FYPKEVMGYW 
EGGSVHMRK XS QERYJEGXYVIV MRWXVYGXMSRW �'LV� ,ERWIR� 
&E]W[EXIV� :MGXSVME� %YWXVEPME
� %JXIV �� QMR� HMPYXIH 
WMRKPI�WXVIRKXL GL]QSWMR �����
 [EW EHHIH EGGSVHMRK 
XS XLI QERYJEGXYVIVtW MRWXVYGXMSRW �'LV� ,ERWIR
 ERH 
XLI QMPO GSEKYPEXIH MR �� QMR� 'YVH [EW GYX MRXS ��GQ 
GYFIW ERH GSSOIH [MXL GSRXMRYSYW EKMXEXMSR EX ���' 
JSV �� QMR� ;LI] [EW HVEMRIH ERH GYVH [EW QERYEPP] 
TVIWWIH XS VIQSZI EHHMXMSREP [LI] JVSQ XLI GYVH� 8LI 
GYVH [EW GLIHHEVIH ERH QMPPIH [LIR XLI T, SJ XLI 
WPEFW VIEGLIH XS ��� XS ���� 8LI QMPPIH GYVH [EW HV]�
WEPXIH [MXL � SJ � 2E'P�/'P GSQFMREXMSRW� SRP] 2E'P 
�%� GSRXVSP
� �2E'P��/'P �&
� �2E'P��/'P �'
� ERH 
�2E'P��/'P �(
 EX E PIZIP SJ �� K�OK ERH XLI GYVH [EW 
EPPS[IH XS QIPPS[ JSV �� QMR� 8LI WEPXIH GYVH [EW TPEW�
XMGM^IH MR �	 FVMRI WSPYXMSRW �%� &� '� ERH (
 EX ���' 
JSV � QMR ERH XLIR QERYEPP] ORIEHIH� 8LI TPEWXMGM^IH 
GYVH [EW QSPHIH MR GMVGYPEV QSPHW �� » � GQ �HMEQIXIV 
» LIMKLX� b��� OK TIV FPSGO
� 'LIIWI FPSGOW [IVI OITX 

EX ��' YRXMP XLI XIQTIVEXYVI VIEGLIH ���'� 8LI ����OK 
FPSGOW [IVI GYX MRXS WQEPPIV FPSGOW ���� K TIV FPSGO
 
ERH ZEGYYQ�TEGOEKIH MRXS FEVVMIV FEKW YWMRK E 1YP�
XMZEG %������ QEGLMRI �1YPXMZEG 7ITT ,EKKIRQYPPIV 
/+� ;SPJIVXWGL[IRHIR� +IVQER]
 ERH XLIR WXSVIH EX 
��' JSV �� H� )\TIVMQIRXEP GLIIWIW [IVI QEHI MR XVMT�
PMGEXI� )\TIVMQIRXEP GLIIWIW [IVI WEQTPIH EX �� �� ��� 
ERH �� H SJ WXSVEKI� 8LI GLIIWI WEQTPIW [IVI WLVIHHIH 
ERH XLIR WYF�WEQTPIH JSV XLI JSPPS[MRK EREP]WIW�

+VSWW 'SQTSWMXMSR

1SMWXYVI [EW HIXIVQMRIH F] XLI SZIR�HV]MRK QIXLSH 
EX ����'� TVSXIMR F] XLI /NIPHELP QIXLSH� JEX F] XLI 
&EFGSGO QIXLSH� ERH EWL YWMRK XLI QYJJPI JYVREGI 
QIXLSH� EPP EGGSVHMRK XS %3%' �����
� *SV T, QIE�
WYVIQIRX� KVEXIH GLIIWI ��� K
 [EW QEGIVEXIH [MXL �� 
Q0 SJ HMWXMPPIH [EXIV� ERH XLI T, SJ XLI VIWYPXERX WPYVV] 
[EW QIEWYVIH YWMRK E GEPMFVEXIH HMKMXEP T, QIXIV �1I�
XIV0EF� 4EGMJMG 0EFSVEXSV] 4VSHYGXW� &PEGOFYVR� :MG�
XSVME� %YWXVEPME
�

)RYQIVEXMSR SJ 0%&

'SYRXW SJ 0%& MR GLIIWIW [IVI IRYQIVEXIH EGGSVH�
MRK XS %]]EWL ERH 7LEL �����
� +VEXIH GLIIWI ��� K
 
[EW XEOIR JVSQ XLI WLVIHHIH GLIIWI FPSGO� TPEGIH MR 
E WXSQEGLIV FEK� ERH FPIRHIH [MXL �� Q0 SJ WXIVMPI 
HMWXMPPIH [EXIV YWMRK E 7XSQEGLIV���� PEFSVEXSV] 
FPIRHIV �7I[EVH 1IHMGEP� 0SRHSR� 9/
� %TTVSTVMEXI 
WIVMEP HMPYXMSRW [IVI QEHI YWMRK ���	 TITXSRI� ERH 
0%& TSTYPEXMSRW [IVI GSYRXIH YWMRK HI 1ER� 6SKSWE� 
ERH 7LEVTI EKEV �1IVGO 4X]� 0XH�� :MGXSVME� %YWXVEPME
� 
-RSGYPEXIH TPEXIW MR HYTPMGEXI [IVI MRGYFEXIH EREIVS�
FMGEPP] EX ���' JSV �� L YWMRK EREIVSFMG NEVW� 4PEXIW 
LEZMRK �� XS ��� GSPSRMIW [IVI GSYRXIH ERH I\TVIWWIH 
EW GSPSR]�JSVQMRK YRMXW TIV KVEQ SJ WEQTPI�

%WWIWWQIRX SJ 4VSXISP]WMW

8LI [EXIV�WSPYFPI 2 �;72
 SJ XLI GLIIWI WEQTPIW 
[EW IZEPYEXIH EGGSVHMRK XS /YGLVSS ERH *S\ �����
� 
8LI RMXVSKIR MR XLI I\XVEGX [EW IWXMQEXIH F] /NIPHELP 
QIXLSH �%3%'� ����
� 8[IPZI TIVGIRX XVMGLPSVSEGIXMG 
EGMH�WSPYFPI 2 �8'%�72
 ERH �	 TLSWTLSXYRKWXMG EG�
MH�WSPYFPI 2 �48%�72
 [IVI HIXIVQMRIH EGGSVHMRK XS 
%]]EWL ERH 7LEL �����
� 8LI 8'%�72 [EW IWXMQEXIH 
MR � Q0 SJ JMPXVEXI SFXEMRIH EJXIV TVIGMTMXEXMSR SJ JMP�
XIVIH [EXIV�WSPYFPI I\XVEGX �;7)
 SJ GLIIWI [MXL ��	 
8'% �7MKQE�%PHVMGL� 7X� 0SYMW� 13
� 8LI I\XIRX SJ 
WIGSRHEV] TVSXISP]WMW �48%�72
 [EW EWWE]IH WMQMPEVP] 
F] YWMRK � Q0 SJ JMPXVEXI SFXEMRIH EJXIV TVIGMTMXEXMSR SJ 
JMPXIVIH ;72 SJ GLIIWI [MXL ��	 TLSWTLSXYRKWXMG EGMH 
�7MKQE�%PHVMGL
�

90



.SYVREP SJ (EMV] 7GMIRGI :SP� �� 2S� �� ����

)**)'8 3* 2E'P 79&78-898-32 32 4638)30=7-7 ����

9VIE�4%+)

4VITEVEXMSR SJ GLIIWI WEQTPIW ERH YVIE�4%+) EREP�
]WMW [IVI GEVVMIH SYX EGGSVHMRK XS %]]EWL ERH 7LEL 
�����
 [MXL WSQI QSHMJMGEXMSRW� -R FVMIJ� KVEXIH �� K
 
GLIIWI [EW LSQSKIRM^IH [MXL �� Q0 SJ XVIEXQIRX FYJJIV 
?� 1 YVIE� ��� 1
TLIRSP FPYI �����	 [X�ZSP
 MR ��	 IXLERSPA JSV � QMR 
EX ������ VTQ YWMRK E XMWWYI LSQSKIRM^IV �4SP]XVSR� 
/MRIQEXMGE %+� 0YGIVRI� 7[MX^IVPERH
� 8LI WPYVV] [EW 
LIPH EX ���' JSV �� QMR� ERH XLIR GIRXVMJYKIH EX ����� 
» K JSV �� QMR EX ��'� 8LI YTTIV JEX PE]IV [EW VIQSZIH 
ERH ��� Q0 SJ XLI WYTIVREXERX [EW QM\IH [MXL ��� Q0 
SJ XVIEXQIRX FYJJIV� %R EPMUYSX �� Q0
 JVSQ XLI PEXIWX 
QM\XYVI [EW TPEGIH MR E ����Q0 )TTIRHSVJ XYFI ERH 
GIRXVMJYKIH EX ����� » K JSV �� QMR� )PIZIR QMGVSPMXIVW 
SJ [LSPI GEWIMR WSPYXMSR �� QK�Q0� 7MKQE
 [EW QM\IH 
[MXL �� �0 SJ XVIEXQIRX FYJJIV� *VSQ IEGL WEQTPI ERH 
TVITEVIH [LSPI GEWIMR� �� �0 SJ WEQTPI [EW PSEHIH SRXS 
VIEH]�KIP 8VMW�,'P KIP ���	 VIWSPZMRK KIP� �	 WXEGOMRK 
KIP� ���[IPP� �� �0� �� » �� GQ� &MS�6EH 0EFSVEXSVMIW 
4X]� 0XH�� +PEHIWZMPPI� 2I[ 7SYXL ;EPIW� %YWXVEPME
� 
%PP KIPW [IVI VYR MR E XERO FYJJIV ��� K SJ 8VMW ERH 
���� K SJ KP]GMRI� [X�ZSP� MR � 0 SJ HMWXMPPIH [EXIV
 YW�
MRK E &MS�6EH 4VSXIER -- \M GIPP TS[IVIH F] E 4S[IV 
4EG ��� ERH VYR JSV �� QMR EX �� Q% ERH XLIR JSV � 
L �� Q%� 8LI KIPW [IVI JM\IH MR HIWXEMRMRK WSPYXMSR % 
���	 QIXLERSP� �	 EGIXMG EGMH
 JSV �� QMR� ERH XLIR 
KIPW [IVI WXEMRIH [MXL �����	 'SSQEWWMI &VMPPMERX &PYI 
�-'2 &MSGLIQMGEPW -RG�� %YVSVE� 3,� ��	 QIXLERSP� 
�	 EGIXMG EGMH
 JSV � L� 8LI KIPW [IVI XLIR HIWXEMRIH 
MR HIWXEMRMRK WSPYXMSR % JSV � L JSPPS[IH F] HIWXEMRMRK 
MR HIWXEMRMRK WSPYXMSR & ��	 EGIXMG EGMH� �	 QIXLERSP
 
YRXMP XLI FEGOKVSYRH FIGEQI GPIEV� 8LI KIP MQEKIW 
[IVI VIGSVHIH YWMRK E *YNM JMPQ MRXIPPMKIRX HEVO FS\ -- 
[MXL *YNM JMPQ 0%7����� 0 :��� WSJX[EVI �*YNMJMPQ 'S�� 
&VSSOZEPI� 27;� %YWXVEPME
�

4VITEVEXMSR SJ ;7) JSV 4ITXMHI 4VSJMPI� %') 

-RLMFMXSV] %GXMZMX]� ERH 8SXEP *VII %QMRS %GMHW

+VEXIH GLIIWI ��� K
 [EW LSQSKIRM^IH [MXL �� Q0 
SJ 1MPPM5�[EXIV YWMRK ER 9PXVEXYVVE\ LSQSKIRM^IV 
�.SROI 
 /YROIP /�+�� 7XEYJIR M� &VIMWKEY� +IVQER]
 
EX ������ VTQ JSV � QMR XS TVITEVI ERSXLIV ;7)� 8LI 
WPYVV] [EW GIRXVMJYKIH EX ����� » K JSV �� QMR ERH 
XLI JEX PE]IV [EW VIQSZIH� % ���Q0 EPMUYSX [EW WXSVIH 
EX n���' JSV %')�MRLMFMXSV] EGXMZMX]� �� Q0 [EW YWIH 
XS EWWIWW XSXEP JVII EQMRS EGMHW �8*%%
� ERH XLIR �� 
Q0 SJ WYTIVREXERX [EW JVII^I�HVMIH �(]REZEG *(��� 
JVII^I�HV]IV� %MVZEG )RKMRIIVMRK 4X]� 0XH�� 6S[ZMPPI� 
%YWXVEPME
 EX i���' ERH i��� O4E JSV �� L� 8LI JVII^I�
HVMIH P]STLMPM^IH WEQTPIW [IVI XLIR WXSVIH EX i���' 

JSV EREP]WMW [MXL VIZIVWI TLEWI �64
�,40' EW HIXEMPIH 
FIPS[�

4ITXMHIW 4VSJMPI SJ ;7) F] 64�,40'

4ITXMHI TVSJMPI SJ 011' HYVMRK WXSVEKI [EW I\EQ�
MRIH F] ,40' EGGSVHMRK XS %]]EWL ERH 7LEL �����
 
ERH 3RK ERH 7LEL �����
 [MXL WSQI QSHMJMGEXMSRW� %R 
EPMUYSX SJ JVII^I�HVMIH ;7) ��� QK
 [EW QM\IH [MXL 
� Q0 SJ WSPZIRX % GSRXEMRMRK ���	 XVMJPYSVSEGIXMG EGMH 
�7MKQE %PHVMGL
� GIRXVMJYKIH ������ » K JSV �� QMR
 
YWMRK E FIRGL�XST GIRXVMJYKI �7SVZEPP 68�� 2I[XS[R� 
'8
� ERH JMPXIVIH XLVSYKL E ������Q JMPXIV �1MPPMTSVI 
'SVT�� &IHJSVH� 1%
� 8LI 64�,40' EREP]WMW [EW 
GEVVMIH SYX YWMRK ,40' GSRWMWXMRK SJ E :EVMER ���� 
WSPZIRX HIPMZIV] W]WXIQ� E :EVMER ���� EYXS�WEQTPIV� E 
:EVMER ���� ZEVMEFPI [EZIPIRKXL 9:�ZMWMFPI XYREFPI EF�
WSVFERGI HIXIGXSV� ERH E ��� HEXE QSHYPI �:EVMER -RG�� 
4EPS %PXS� '%
� % WEQTPI WM^I SJ �� �0 [EW MRNIGXIH 
MRXS XLI VIZIVWI�TLEWI GSPYQR �'��� ��� QQ » ��� 
QQ� � �Q� +VEGI :]HEG� ,IWTIVME� '%
 [MXL E KYEVH 
GSPYQR ��� QQ� �� QQ� +VEGI :]HEG
� 7ITEVEXMSR 
[EW GSRHYGXIH EX VSSQ XIQTIVEXYVI �b���'
 EX E JPS[ 
VEXI SJ ���� Q0�QMR� )PYIRX & [EW ��	 EGIXSRMXVMPI 
�1IVGO� 7SYXL +VERZMPPI� 2I[ 7SYXL ;EPIW� %YWXVEPME
 
GSRXEMRMRK ����	 XVMJPYSVSEGIXMG EGMH� % PMRIEV KVEHM�
IRX [EW ETTPMIH JVSQ � XS ��	 IPYIRX & SZIV ��� QMR� 
8LI HIXIGXMSR HIZMGI [EW ER 9:�ZMWMFPI HIXIGXSV WIX EX 
��� RQ� ERH 64�,40' GLVSQEXSKVEQW [IVI ZMWYEPP] 
EREP]^IH�

1IEWYVIQIRX SJ 8*%%

'SRGIRXVEXMSRW SJ 8*%% SJ 011' [IVI QIEWYVIH 
F] YWMRK XLI 'H�RMRL]HVMR QIXLSH EGGSVHMRK XS *SPO�
IVXWQE ERH *S\ �����
� ERH ;7) TVITEVIH EW TVIZM�
SYWP] [IVI YWIH MR XLI EREP]WMW� %R EPMUYSX ���� �0
 
[EW TPEGIH MR E KPEWW XYFI ERH HMPYXIH [MXL � Q0 SJ 
1MPPM�5 [EXIV �1MPPMTSVI 'SVT�
� 8[S QMPPMPMXIVW SJ 'H�
RMRL]HVMR VIEKIRX ?��� K SJ RMRL]HVMR [IVI HMWWSPZIH MR 
E QM\XYVI SJ �� Q0 SJ KPEGMEP EGIXMG EGMH ����	
 ERH �� 
Q0 IXLERSP �����	
� JSPPS[IH F] XLI EHHMXMSR SJ � K SJ 
'H'P� HMWWSPZIH MR � Q0 SJ 1MPPM�5 [EXIVA [EW EHHIH� 
8LI QM\XYVI [EW LIEXIH EX ���' JSV � QMR ERH GSSPIH 
XS VSSQ XIQTIVEXYVI� XLIR� EFWSVFERGI EX ��� RQ [EW 
QIEWYVIH� %PP GLIQMGEPW MR XLMW EREP]WMW [IVI TYVGLEWIH 
JVSQ 7MKQE �7X� 0SYMW� 13
 ERH EREP]WIW [IVI GEVVMIH 
SYX MR HYTPMGEXIW�

%') -RLMFMXSV] %GXMZMX] MR ;7)

8LI %') MRLMFMXSV] EGXMZMX] [EW QIEWYVIH EGGSVHMRK 
XS ;EREWYRHEVE IX EP� �����
 YWMRK ER ,40' QIXLSH� 
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%RKMSXIRWMR�GSRZIVXMRK IR^]QI ERH LMTTYV]P�LMWXMH]P�
PIYGMRI �,,0
 [IVI TYVGLEWIH JVSQ 7MKQE ERH TVI�
TEVIH MR 8VMW FYJJIV ��� Q1� T, ���
 GSRXEMRMRK ��� 
Q1 2E'P� 8LI EWWE] GSRWMWXIH SJ �� �0 SJ ��� Q1 
,,0� �� �0 SJ ���� QMPPM�YRMXW %') IR^]QI �JVSQ VEF�
FMX PYRK
� ERH �� �0 SJ EWWE] ;7) WEQTPI� 8LI QM\XYVI 
[EW TPEGIH MR E KPEWW XYFI� MRGYFEXIH JSV �� QMR EX ���' 
MR E [EXIV FEXL [MXLSYX QM\MRK� ERH XLIR MRGYFEXIH JSV 
ER EHHMXMSREP �� QMR EJXIV QM\MRK� +PEGMEP EGIXMG EGMH 
���� �0
 [EW EHHIH XS WXST %') EGXMZMX]� 8LI VIEG�
XMSR QM\XYVI [EW OITX EX n���' JSV JYVXLIV EREP]WMW F] 
,40'� 8LI LMTTYVMG EGMH �,%
 VIPIEWIH JVSQ ,,0 F] 
%') [EW HIXIVQMRIH F] ,40'� %R I\XIVREP WXERHEVH 
GYVZI SJ ,% [EW TVITEVIH XS UYERXMJ] XLI VIWYPXERX ,% 
MR GLIIWI WEQTPIW� %R EPMUYSX ��� �0
 SJ XLI QM\XYVI 
[EW MRNIGXIH SRXS XLI ,40' W]WXIQ GSRWMWXMRK SJ E :EV�
MER ���� WSPZIRX HIPMZIV] W]WXIQ� E :EVMER ���� EYXS�
WEQTPIV� E :EVMER ���� ZEVMEFPI [EZIPIRKXL 9:�ZMWMFPI 
XYREFPI EFWSVFERGI HIXIGXSV� ERH E ��� HEXE QSHYPI� 
8LI W]WXIQ [EW JMXXIH [MXL VIZIVWI�TLEWI GSPYQR �'��� 
��� QQ » ��� QQ� � �Q� +VEGI :]HEG
 [MXL E KYEVH 
GSPYQR ��� QQ� �� QQ� +VEGI :]HEG
� 8LI WITEVE�
XMSR [EW GSRHYGXIH EX VSSQ XIQTIVEXYVI �b���'
 EX 
E JPS[ VEXI SJ ��� Q0�QMR� 8LI QSFMPI TLEWI [EW ER 
MWSGVEXMG W]WXIQ GSRWMWXMRK SJ ����	 �ZSP�ZSP
 EGIXSRM�
XVMPI �1IVGO
 MR 1MPPM5 [EXIV� ERH XLI T, [EW EHNYWXIH 
XS ��� YWMRK KPEGMEP EGIXMG EGMH� 8LI HIXIGXMSR HIZMGI 
[EW ER 9:�ZMWMFPI HIXIGXSV WIX EX ��� RQ� 8LI GSRXVSP 
VIEGXMSR QM\XYVI GSRXEMRIH �� �0 SJ FYJJIV MRWXIEH SJ 
XLI EWWE] WEQTPI� XLI GSRXVSP [EW I\TIGXIH XS PMFIVEXI 
XLI QE\MQYQ EQSYRX SJ ,% JVSQ XLI WYFWXVEXI HYI XS 
YRMRLMFMXIH %') EGXMZMX]� 8LI TIVGIRXEKI MRLMFMXMSR SJ 
IR^]QI EGXMZMX] [EW GEPGYPEXIH EW JSPPS[W�

-RLMFMXMSR �	
 !
� 
n

7XEXMWXMGEP %REP]WMW

8[S�[E] %23:% [EW TIVJSVQIH XS MRZIWXMKEXI XLI 
WMKRMJMGERX IJJIGX SJ WEPX XVIEXQIRX ERH WXSVEKI TIVMSH 

MRXIVEGXMSR SR GLIIWIW EXXVMFYXIW� 3RI�[E] %23:% [EW 
TIVJSVQIH XS MRZIWXMKEXI XLI WMKRMJMGERX HMJJIVIRGI EX E 
PIZIP SJ ���� FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI WEQI 
WXSVEKI XMQI YWMRK 7%7 WSJX[EVI �7%7 -RWXMXYXI� ����
� 
*MWLIVtW XIWX [EW GEVVMIH SYX XS I\EQMRI XLI HMJJIV�
IRGIW MR QIERW FIX[IIR I\TIVMQIRXEP GLIIWIW EX WEQI 
WXSVEKI TIVMSH �PIEWX WMKRMJMGERX HMJJIVIRGI� 07(
� 8LI 
WMKRMJMGERGI SJ WXSVEKI TIVMSH [EW EREP]^IH EX WEQI WEPX 
XVIEXQIRX YWMRK 07(� 4IEVWSR GSVVIPEXMSRW [IVI GEP�
GYPEXIH XS MRZIWXMKEXI GSVVIPEXMSR FIX[IIR � QIEWYVIH 
QMRIVEPW �'E� 4� /� ERH 2E
 ERH TVSXISP]WMW [MXLMR E 
WEPX XVIEXQIRX�

6)79087 %2( (-7'977-32

+VSWW 'SQTSWMXMSR

+VSWW GSQTSWMXMSR SJ 011' WEPXIH [MXL � SJ � VEXMSW 
SJ 2E'P ERH /'P QM\XYVI WXSVIH EX ��' EX � H MW TVI�
WIRXIH MR 8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL GSR�
XIRXW HMH RSX HMJJIV �4 " ����
 FIX[IIR I\TIVMQIRXEP 
011' EX � H SJ WXSVEKI� 8LMW WYKKIWXW XLEX ZEVMEXMSRW 
MR XLI 011' QIEWYVIH MR XLMW WXYH] [IVI QEMRP] VI�
PEXIH XS WEPX XVIEXQIRX� 8LIWI VIWYPXW EVI MR EKVIIQIRX 
[MXL XLSWI SJ %]]EWL ERH 7LEL �����
� *MX^KIVEPH ERH 
&YGOPI] �����
� ERH /EXWMEVM IX EP� �����
 [LS VITSVXIH 
WMQMPEV VIWYPXW MR ,EPPSYQM� 'LIHHEV� ERH *IXE GLIIWIW� 
VIWTIGXMZIP]� 8LI T, ZEPYIW [IVI WMKRMJMGERXP] �4   
����
 LMKLIV MR I\TIVMQIRXEP GLIIWIW WEPXIH [MXL 2E'P�
/'P QM\XYVIW �&� '� ERH (
 GSQTEVIH [MXL XLI GSRXVSP 
�%
� 8LMW QE] FI EXXVMFYXIH XS LMKLIV T, SJ /'P �F] 
b��� T, YRMXW
 GSQTEVIH [MXL 2E'P� 8LMW MW MR EG�
GSVHERGI [MXL T, VIWYPXW SJ %]]EWL ERH 7LEL �����
� 
[LS VITSVXIH E WPMKLX MRGVIEWI MR T, ZEPYIW SJ ,EPPSYQM 
GLIIWI OITX MR 2E'P�/'P QM\XYVI GSQTEVIH [MXL XLI 
GSRXVSP�

4VSXISP]WMW ERH 0%& +VS[XL

8LI ;72� 8'%�72� ERH 48%�72 SJ I\TIVMQIRXEP 
GLIIWIW EVI TVIWIRXIH MR 8EFPI �� +VS[XL SJ 0%& MR 
I\TIVMQIRXEP 011' HYVMRK WXSVEKI TIVMSH MW WLS[R 

8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW ERH T, ZEPYIW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI QEHI [MXL � HMJJIVIRX WEPX XVIEXQIRXW ERH 
WXSVIH EX ��' EX � H SJ WXSVEKI� 

7EPX  
XVIEXQIRX� 1SMWXYVI �	
 4VSXIMR �	
 *EX �	
 %WL �	
 T,

% ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����F

& ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����EF

' ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����EF

( ����� � ����E ����� � ����E ����� � ����E ���� � ����E ���� � ����E

E�F1IERW MR IEGL GSPYQR [MXL WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRXW� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! �2E'P��/'P �[X�[X
�
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MR *MKYVI �� 'SRGIRXVEXMSRW SJ ;72 ERH 8'%�72 HMH 
RSX HMJJIV �4 " ����
 FIX[IIR I\TIVMQIRXEP 011' EX 
XLI WEQI WXSVEKI XMQI� ,S[IZIV� ;72 ERH 8'%�72 MR�
GVIEWIH WMKRMJMGERXP] �4   ����
 HYVMRK WXSVEKI [MXLMR E 
WEPX XVIEXQIRX� 8LMW MRGVIEWI [EW HYI XS XLI MRGVIEWI MR 
TVSXISP]XMG EGXMZMX] F] GSEKYPERX IR^]QI VIWMHYIW� MR�
HMKIRSYW QMPO IR^]QIW� ERH FEGXIVMEP TITXMHEWIW� 8LIWI 
IR^]QIW EVI VITSVXIH XS FI VIWTSRWMFPI JSV XLI MRGVIEWI 
MR TVSXISP]WMW HYVMRK GLIIWI VMTIRMRK �*S\ ERH 1G7[II�
RI]� ����� 9TEHL]E] IX EP�� ����
� 8LIWI JMRHMRKW EVI 
MR EKVIIQIRX [MXL XLSWI SJ %]]EWL ERH 7LEL �����
 
ERH /EXWMEVM IX EP� ������ ����
� [LS VITSVXIH WMQMPEV 
VIWYPXW MR ,EPPSYQM� *IXE� ERH /IJEPSKVEZMIVE GLIIWIW 
HYVMRK WXSVEKI� VIWTIGXMZIP]� % WMKRMJMGERX �4   ����
 
HMJJIVIRGI [EW SFWIVZIH MR 48%�72 �8EFPI �
 ERH 0%& 
KVS[XL �*MKYVI �
 FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI 
WEQI WXSVEKI XMQI� %REP]WMW SJ ZEVMERGI WLS[IH XLEX 
48%�72 MRGVIEWIH �4   ����
 HYVMRK WXSVEKI [MXLMR E 
WEPX XVIEXQIRX� ,S[IZIV� 0%& KVS[XL [EW MRWMKRMJMGERX 
HYVMRK WXSVEKI [MXLMR E WEPX XVIEXQIRX �*MKYVI �
� 8LI 
SFWIVZIH HMJJIVIRGIW MR 48%�72 WYKKIWXIH XLEX VITPEGI�
QIRX SJ 2E'P [MXL /'P EJJIGXIH TVSXISP]XMG IR^]QIW 
WIGVIXIH F] 0%&� FYX RSX PSKEVMXLQ KVS[XL SJ 0%&� 
%]]EWL ERH 7LEL �����
 VITSVXIH WMQMPEV SFWIVZE�
XMSRW MR 48%�72 SJ ,EPPSYQM GLIIWI� %VQIRXIVSW IX EP� 
�����
 VITSVXIH XLEX WSQI SJ XLI TVSXISP]XMG IR^]QIW 
[IVI EGXMZEXIH [LIR XLI PIZIP SJ /'P [EW MRGVIEWIH MR 
E QIEX TVSHYGX� [LIVIEW SXLIV IR^]QIW [IVI MRLMF�
MXIH� 8LMW WYTTSVXW SYV L]TSXLIWMW XLEX XLI TVIWIRGI 
SJ LMKLIV GSRGIRXVEXMSRW SJ /'P MR GLIIWIW WXMQYPEXIH 

0%& XS TVSHYGI TVSXISP]XMG IR^]QIW HMJJIVIRX JVSQ 
XLSWI MR GLIIWIW FVMRIH MR 2E'P� SV EGXMZEXIH TEVXMGYPEV 
IR^]QIW ERH MRLMFMXIH SXLIVW HMJJIVIRX JVSQ XLSWI MR 
GLIIWIW FVMRIH MR 2E'P� ,S[IZIV� QSVI WXYHMIW RIIH 
XS FI GSRHYGXIH XS MRZIWXMKEXI XLI IJJIGX SJ 2E'P�/'P 
QM\XYVIW SR TVSXISP]XMG IR^]QIW JVSQ 0%&� -R EHHM�
XMSR� XLI MRMXMEP HMJJIVIRGIW MR T, QE] EPWS LEZI GSRXVMF�
YXIH XS HMJJIVIRGIW MR 48%�72 �9TEHL]E] IX EP�� ����
� 
8LI PS[IV T, MR XVIEXQIRX % �GSRXVSP
 GSQTEVIH [MXL 
SXLIV XVIEXQIRXW QE] LEZI FIIR GEYWIH F] MRGVIEWIH 
GL]QSWMR VIXIRXMSR MR GLIIWI ERH MQTVSZIH GL]QSWMR 
EGXMZMX]� % LMKLIV T, ZEPYI MR GLIIWI MW RSX JEZSVEFPI 
JSV GL]QSWMR EGXMZMX] �*IIRI] IX EP�� ����
� 8LYW� XLI 
MRGVIEWI MR GL]QSWMR EGXMZMX] IRLERGIH TVSXISP]XMG EG�
XMZMX] SJ 0%& IR^]QIW� [LMGL� MR XYVR� MRGVIEWIH 48%�
72 MR GSRXVSP GLIIWI� 8LI MRMXMEP HMJJIVIRGI MR T, QE] 
EPWS FI EJJIGXIH F] QIXEFSPMWQ SJ 0%&� [LMGL EJJIGXIH 
XLI IR^]QIW TVSHYGIH F] 0%&� ,IRGI� XLMW GEYWIH XLI 
WMKRMJMGERX HMJJIVIRGIW MR 48%�72 FIX[IIR XLI I\TIVM�
QIRXEP GLIIWIW �*IIRI] IX EP�� ����
�

9VIE�4%+) ERH 8*%%

8LI TVSXISP]XMG TEXXIVR SJ XLI I\TIVMQIRXEP 011' 
WEPXIH [MXL � HMJJIVIRX 2E'P�/'P QM\XYVIW EVI WLS[R 
MR *MKYVI �� 7EPX XVIEXQIRX LEH RS WMKRMJMGERX IJJIGX SR 

[MXLMR E WEPX XVIEXQIRX� 8LMW WYKKIWXW XLEX TEVXMEP 
WYFWXMXYXMSR SJ 2E'P [MXL /'P LEH WMQMPEV IJJIGXW SR 

8EFPI �� ;EXIV�WSPYFPI 2 �;72
� ��	 XVMGLPSVSEGIXMG EGMH�WSPYFPI 2 �8'%�72
� ERH �	 TLSWTLSXYRKWXMG 
EGMH�WSPYFPI 2 �48%�72
 SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI WEPXIH [MXL � HMJJIVIRX WEPX PIZIPW SJ 2E'P ERH /'P 
HYVMRK WXSVEKI EX ��' JSV �� H� 

7XSVEKI  
XMQI �H


7EPX  
XVIEXQIRX�

	 SJ XSXEP 2

;72 8'%�72 48%�72

� % ���� � ����E ���� � ����E ���� � ����E

 & ���� � ����E ���� � ����E ���� � ����EF

 ' ���� � ����E ���� � ����E ���� � ����EF

 ( ���� � ����E ���� � ����E ���� � ����F

� % ���� � ����E ���� � ����E ���� � ����E

 & ���� � ����E ���� � ����E ���� � ����EF

 ' ���� � ����E ���� � ����E ���� � ����EF

 ( ���� � ����E ���� � ����E ���� � ����F

�� % ���� � ����E ���� � ����E ���� � ����E

 & ���� � ����F ���� � ����F ���� � ����EF

 ' ���� � ����F ���� � ����EF ���� � ����FG

 ( ���� � ����F ���� � ����EF ���� � ����G

�� % ���� � ����E ���� � ����E ���� � ����E

 & ���� � ����E ���� � ����E ���� � ����E

 ' ���� � ����E ���� � ����E ���� � ����EF

 ( ���� � ����E ���� � ����E ���� � ����F

EiG1IERW MR IEGL GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�1IER ZEPYIW � 7) SJ � XVMEPW�
�7EPX XVIEXQIRXW� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P �[X�[X
� ( ! 
�2E'P��/'P �[X�[X
�
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011' GSQTEVIH [MXL GSRXVSP� 8LMW JMRHMRK EKVIIW 
[MXL XLSWI SJ %]]EWL ERH 7LEL �����
 ERH /EXWMEVM IX 
EP� ������ ����
�

'SRGIRXVEXMSRW SJ 8*%% SJ I\TIVMQIRXEP 011' HYV�
MRK WXSVEKI EVI WLS[R MR *MKYVI �� %REP]WMW SJ ZEVMERGI 
WLS[IH RS WMKRMJMGERX �4 " ����
 HMJJIVIRGI MR 8*%% 
FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI XMQI� 
/EXWMEVM IX EP� ������ ����
 VITSVXIH WMQMPEV VIWYPXW MR 
*IXE ERH /IJEPSKVEZMIVE GLIIWIW� VIWTIGXMZIP]� 8SXEP JVII 
%% MRGVIEWIH �4 " ����
 WPMKLXP] HYVMRK WXSVEKI JSV EPP 
I\TIVMQIRXEP GLIIWIW� 8LIWI GSRGIRXVEXMSRW SJ 8*%% 
[IVI PS[IV GSQTEVIH [MXL XLSWI SJ /EXWMEVM IX EP� ������ 
����
 MR *IXE ERH /IJEPSKVEZMIVE GLIIWIW� VIWTIGXMZIP]� 
8LMW QE] FI EXXVMFYXIH XS WPS[IV TVSXISP]XMG EGXMZMX] MR 
011' HYVMRK WXSVEKI VIKEVHPIWW SJ XLI WEPX XVIEXQIRX� 
'SSOMRK XIQTIVEXYVI ERH WXVIXGLMRK XVIEXQIRX HYVMRK 
XLI GLIIWI QEOMRK TVSGIWW QE] MREGXMZEXI GL]QSWMR VIW�
MHYIW MR 011'� -X LEW FIIR VITSVXIH XLEX MREGXMZEXMSR 
SJ GSEKYPERX VIWMHYIW MR GLIIWI HIPE]W XLI TVSXISP]XMG 

TVSGIWW MR GLIIWI HYVMRK WXSVEKI �*S\� ����� *S\ ERH 
1G7[IIRI]� ����� 9TEHL]E] IX EP�� ����
�

%') -RLMFMXSV] %GXMZMX]

8LI %') MRLMFMXSV] EGXMZMX] SJ 011' WEPXIH [MXL 
� HMJJIVIRX 2E'P�/'P QM\XYVIW MW WLS[R MR *MKYVI �� 
EGXMZMX] HMJJIVIH WMKRMJMGERXP] �4   ����
 FIX[IIR WEPX 
XVIEXQIRXW EX XLI WEQI WXSVEKI XMQI� I\GITX EX XLI 
IRH SJ WXSVEKI �H ��
� (YVMRK WXSVEKI SJ 011'� %') 
MRLMFMXSV] EGXMZMX] [EW WMKRMJMGERXP] �4   ����
 LMKLIV 
MR ( GLIIWIW GSQTEVIH [MXL XLI SXLIV XVIEXQIRXW� 8LMW 
WYKKIWXW XLEX XLI TVIWIRGI SJ LMKLIV GSRGIRXVEXMSRW SJ 
/'P MRGVIEWIH XLI %') MRLMFMXSV] EGXMZMX] SJ 0%&� -R 
EHHMXMSR� [I TVIWYQIH XLEX /'P EJJIGXIH 0%& IR^]QIW 
MR E [E] XLEX MRGVIEWIH %') EGXMZMX] GSQTEVIH [MXL 
2E'P� %REP]WMW SJ ZEVMERGI WLS[IH XLEX XLI %') MRLMFM�

*MKYVI �� 9VIE�4%+) IPIGXVSTLIVSKVEQW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI WEPXIH [MXL % ! SRP] 2E'P �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� 
' ! �2E'P��/'P �[X�[X
� ERH ( ! �2E'P��/'P �[X�[X
 ERH WXSVIH EX ��' JSV �� �� ��� ERH �� H�

*MKYVI ��  0EGXMG EGMH FEGXIVME KVS[XL �0%&� GJY�K
 SJ PS[�QSMW�
XYVI 1S^^EVIPPE GLIIWI WEPXIH [MXL � PIZIPW SJ 2E'P ERH /'P QM\XYVI� 
% ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� ' ! �2E'P��/'P 
�[X�[X
� ( ! �2E'P��/'P �[X�[X
� HYVMRK WXSVEKI EX ��' JSV �� H�

*MKYVI �� 8SXEP JVII EQMRS EGMHW EW EFWSVFERGI SJ [EXIV�WSPYFPI 
I\XVEGXW SJ PS[�QSMWXYVI 1S^^EVIPPE GLIIWI WEPXIH [MXL � PIZIPW SJ 2E'P 
ERH /'P QM\XYVI� % ! 2E'P SRP] �GSRXVSP
� & ! �2E'P��/'P �[X�[X
� 
' ! �2E'P��/'P �[X�[X
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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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  ABSTRACT 

8LI IJJIGX SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P [MXL /'P 
SR %OE[M GLIIWI [MXL TVSFMSXMG FEGXIVME [EW MRZIWXM�
KEXIH HYVMRK �� H SJ WXSVEKI EX ��'� 'LIQMGEP GSQTSWM�
XMSR� XLI WYVZMZEP SJ TVSFMSXMG ERH PEGXMG EGMH FEGXIVME� 
TVSXISP]XMG EGXMZMX]� ERH XI\XYVI TVSJMPI EREP]WMW [IVI 
EREP]^IH ERH WIRWSV] EREP]WMW [EW GEVVMIH SYX XS HIXIV�
QMRI XLI IJJIGXW SJ WYFWXMXYXMSR� 2S WMKRMJMGERX HMJJIV�
IRGIW [IVI SFWIVZIH MR QSMWXYVI� TVSXIMR� JEX� ERH EWL 
GSRXIRXW EQSRK XLI I\TIVMQIRXEP %OE[M GLIIWIW EX XLI 
WEQI WXSVEKI TIVMSH� 7MKRMJMGERX HMJJIVIRGIW [IVI SF�
WIVZIH MR [EXIV�WSPYFPI RMXVSKIR ERH TLSWTLSXYRKWXMG�
WSPYFPI RMXVSKIR FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI 
WEQI SJ WXSVEKI TIVMSH� 2S WMKRMJMGERX HMJJIVIRGI [EW 
SFWIVZIH MR XLI KVS[XL SJ 0EGXSFEGMPPYW HIPFVYIGOMM WWT� 
FYPKEVMGYW FIX[IIR I\TIVMQIRXEP GLIIWIW EX XLI WEQI 
WXSVEKI TIVMSH� ,S[IZIV� XLI KVS[XL SJ 7XVITXSGSGGYW 
XLIVQSTLMPYW� 0EGXSFEGMPPYW GEWIM� ERH 0EGXSFEGMPPYW EGM�
HSTLMPYW [EW WMKRMJMGERXP] EJJIGXIH EQSRK I\TIVMQIRXEP 
GLIIWIW� % WMKRMJMGERX HMJJIVIRGI [EW SFWIVZIH MR WSPYFPI 
'E EQSRK I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI 
TIVMSH� -R KIRIVEP� RS WMKRMJMGERX HMJJIVIRGIW I\MWXIH MR 
LEVHRIWW ERH EHLIWMZIRIWW EQSRK I\TIVMQIRXEP GLIIWIW 
EX XLI WEQI WXSVEKI TIVMSH� 2S WMKRMJMGERX HMJJIVIRGIW 
I\MWXIH MR WIRWSV] EXXVMFYXIW� MRGPYHMRK GVIEQMRIWW� FMX�
XIVRIWW� WEPXMRIWW� WSYV�EGMH� ERH ZMRIKEV XEWXI EQSRK 
I\TIVMQIRXEP %OE[M GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� 
  /I] [SVHW�    %OE[M GLIIWI �  2E'P�/'P QM\XYVI �  TVSXI�
SP]WMW �  TVSFMSXMG 

  INTRODUCTION 

  ;LMXI FVMRIH GLIIWIW TVSHYGIH MR XLI 1MHHPI )EWXIVR 
VIKMSR EVI GPEWWMJMIH EW VIRRIX�GSEKYPEXIH GLIIWIW [MXL 
�,EPPSYQM ERH %OE[M GLIIWIW
 SV [MXLSYX �2EFYPWM 
GLIIWI
 WXEVXIV GYPXYVI� ,MKL WEPX GSRXIRX MW E GSQQSR 

GLEVEGXIVMWXMG XLEX 1MHHPI )EWXIVR GLIIWIW TSWWIWW 
�%FH )P�7EPEQ ERH %PMGLERMHMW� ����
� %OE[M GLIIWI MW 
GSQQSRP] GSRWYQIH MR .SVHER� 7]VME� 4EPIWXMRI� ERH 
0IFERSR �8EQMQI� ����
� %OE[M GLIIWI MW YWYEPP] GSR�
WYQIH [MXL FVIEOJEWX ERH HMRRIV� 8VEHMXMSREPP]� %OE[M 
GLIIWI MW TVSHYGIH JVSQ TEWXIYVM^IH FSZMRI SV SZMRI 
QMPO �SV E QM\XYVI SJ FSXL
� *SV %OE[M GLIIWI QEOMRK� 
XLI QMPO MW TEWXIYVM^IH �EX ���' JSV �� QMR SV ���' JSV 
�� W
� GSSPIH XS EFSYX ���' ERH XLIR WXEVXIV GYPXYVI MW 
EHHIH ����	
� %JXIV � L� VIRRIX MW EHHIH XS GSEKYPEXI 
QMPO [MXLMR ER LSYV� 8LI GYVH MW GYX� [LI] HVEMRIH� 
ERH GYVH TMIGIW EVI [VETTIH MR GLIIWIGPSXL MR WQEPP 
TSVXMSRW ���� XS ��� K
� TVIWWIH JSV EFSYX � L� ERH 
FVMRIH MR ETTVS\MQEXIP] ��	 FVMRI WSPYXMSR EX ��'� -R 
KIRIVEP� %OE[M GLIIWI GSRXEMRW EFSYX ����	 QSMWXYVI� 
����	 JEX� ����	 TVSXIMR� ERH �	 EWL� 7XSVEKI SJ %OE[M 
GLIIWI MR FVMRI WSPYXMSR MW E GVMXMGEP WXIT JSV QEMRXEMRMRK 
UYEPMX] ERH WEJIX] HYVMRK � QS SJ WXSVEKI� &IGEYWI SJ 
XLI LMKL WEPX GSRXIRX ERH LIEPXL GSRGIVRW� 1MHHPI )EWX�
IVR TISTPI EZSMH GSRWYQTXMSR SJ %OE[M GLIIWI FIGEYWI 
SJ E TSWMXMZI GSVVIPEXMSR LEW FIIR JSYRH FIX[IIR LMKL 
WSHMYQ �2E
 MRXEOI ERH L]TIVXIRWMSR �/SXGLIR� ����
� 
SWXISTSVSWMW �,IERI]� ����
� OMHRI] WXSRIW �1EWWI]� 
����
� ERH GEVHMSZEWGYPEV HMWIEWIW �4IRRIV IX EP�� ����
� 
8LI ;SVPH ,IEPXL 3VKERM^EXMSR �+IRIZE� 7[MX^IVPERH
 
LEW VIGSQQIRHIH VIHYGMRK WEPX MR EPP JSSH X]TIW XS 
VIHYGI LIEPXL MWWYIW EWWSGMEXIH [MXL LMKL MRXEOI SJ WEPX 
�;,3� ����
� 7IZIVEP WXYHMIW LEZI VITSVXIH XLEX HEMV] 
TVSHYGXW� IWTIGMEPP] GLIIWIW� GSRXVMFYXI XS E RSXMGI�
EFPI EQSYRX SJ HEMP] WSHMYQ HMIXEV] MRXEOI �+YMRII� 
����E�F� 8EQMQI� ����
� 'LIIWI GSRXVMFYXIW XS EFSYX 
�	 2E MRXEOI MR XLI 9RMXIH /MRKHSQ �%WL ERH ;MPFI]� 
����
� ���	 MR *VERGI �1IRIXSR IX EP�� ����
� ERH �	 
MR %YWXVEPME �2,16'� ����
� % WMQTPI VIHYGXMSR MR 
2E'P [MXLSYX WYFWXMXYXMSR [MXL SXLIV WEPXW EHZIVWIP] 
EJJIGXIH XLI GLIIWI UYEPMX] �6IHH] ERH 1EVXL� ����
� 
7YFWXMXYXMSR SJ 2E'P [MXL /'P [EW WYGGIWWJYPP] YWIH 
XS TVIWIVZI GLIIWI UYEPMX]� 2YQIVSYW WXYHMIW LEZI FIIR 
GEVVMIH SYX XS I\EQMRI XLI IJJIGX SJ 2E'P WYFWXMXYXMSR 
[MXL /'P SR ,EPPSYQM GLIIWI �%]]EWL ERH 7LEL� ����� 
����E� %]]EWL IX EP�� ����
� 2EFYPWM GLIIWI �%]]EWL ERH 
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7LEL� ����F
� *IXE GLIIWI �/EXWMEVM IX EP�� ����
� ERH 
/IJEPSKVEZMIVE GLIIWI �/EXWMEVM IX EP�� ����� /EXWMEVM IX 
EP�� ����
� 'LIQMGEP GSQTSWMXMSR� TVSXISP]WMW� QMGVSFMEP 
KVS[XL ERH XI\XYVI TVSJMPI EVI XLI QENSV EXXVMFYXIW XLEX 
LEZI FIIR MRZIWXMKEXIH MR XLIWI WXYHMIW� 2S WMKRMJMGERX 
HMJJIVIRGIW LEZI FIIR VITSVXIH MR QSWX QIEWYVIH ZEVM�
EFPIW FIX[IIR I\TIVMQIRXEP GLIIWIW EW GSQTEVIH [MXL 
GSRXVSPW �/EXWMEVM IX EP�� ����� ����
� ,S[IZIV� %]]EWL 
ERH 7LEL �����E�F
 VITSVXIH WMKRMJMGERX HMJJIVIRGIW MR 
WQEPP TITXMHIW ?TLSWTLSXYRKWXMG EGMH �48%
�WSPYFPI 
RMXVSKIR �72
 ERH 8'%�72 GSRXIRXWA FIX[IIR I\TIVM�
QIRXEP GLIIWIW QEHI YWMRK TEVXMEP WYFWXMXYXMSR SJ 2E'P 
[MXL /'P GSQTEVIH [MXL XLI GSRXVSP� %]]EWL ERH 7LEL 
�����F�H
 JSYRH XLEX /'P EJJIGXIH XLI FEGXIVMEP IR^]QI 
EGXMZMX] TVSHYGIH HYVMRK WXSVEKI� PIEHMRK XS UYEPMXE�
XMZI SV UYERXMXEXMZI ZEVMEXMSRW MR IR^]QIW TVSHYGIH F] 
WXEVXIV GYPXYVI SV RSRWXEVXIV GYPXYVI FEGXIVME� XLMW� MR 
XYVR� EJJIGXIH GLIIWI TVSXISP]WMW� -R XLI GYVVIRX WXYH]� 
� TVSFMSXMG FEGXIVME 0EGXSFEGMPPYW EGMHSTLMPYW ���� ERH 
0EGXSFEGMPPYW GEWIM ��� [IVI EHHIH XS %OE[M GLIIWI XS 
MRZIWXMKEXI JSV XLI JMVWX XMQI XLI IJJIGX SJ WEPX WYFWXMXY�
XMSR SR TVSFMSXMG WYVZMZEP� 8LI EMQW SJ XLMW WXYH] [IVI 
XS MRZIWXMKEXI XLI IJJIGX SJ WEPX WYFWXMXYXMSR [MXL /'P 
SR GLIQMGEP GSQTSWMXMSR� TVSXISP]WMW ERH ERKMSXIRWMR�
GSRZIVXMRK IR^]QI �%')
�MRLMFMXSV] EGXMZMX]� TVSFM�
SXMG WYVZMZEP� XI\XYVI TVSJMPI� ERH WIRWSV] TVSTIVXMIW SJ 
TVSFMSXMG %OE[M GLIIWI�

MATERIALS AND METHODS

Bacteria Culture and Propagation

*SYV FEGXIVMEP WXVEMRW� 7XVITXSGSGGYW XLIVQSTLMPYW 
17 �78
� 0EGXSFEGMPPYW HIPFVYIGOMM WWT� FYPKEVMGYW 
����� �0&
� 0EGXSFEGMPPYW EGMHSTLMPYW ���� �0%
� ERH 
0EGXSFEGMPPYW GEWIM ��� �0'
 [IVI SFXEMRIH JVSQ :MG�
XSVME 9RMZIVWMX] 'YPXYVI 'SPPIGXMSR �;IVVMFII 'EQTYW� 
:MGXSVME� %YWXVEPME
� 'YPXYVIW [IVI WXSVIH MR HI 1ER� 
6SKSWE� ERH 7LEVTI �167
 FVSXL �3\SMH 0XH�� ;IWX 
,IMHIPFIVK� :MGXSVME� %YWXVEPME
 [MXL ��	 KP]GIVSP EX 
n���'� 8S EGXMZEXI XLI � GYPXYVIW� E �����0 EPMUYSX 
SJ IEGL GYPXYVI [EW MRHMZMHYEPP] XVERWJIVVIH MRXS 167 
FVSXL ERH MRGYFEXIH EX ���' JSV �� L� ;IIOP] XVERW�
JIV [EW TIVJSVQIH XS QEMRXEMR XLI FEGXIVMEP EGXMZMX]� 
&IJSVI XLI I\TIVMQIRXW� � WYGGIWWMZI GYPXYVI XVERWJIVW 
[IVI GEVVMIH SYX MR 167 FVSXL ERH E XLMVH XVERWJIV [EW 
MR WXIVMPM^IH VIGSRWXMXYXIH WOMQ QMPO �671 ��	
 ERH 
MRGYFEXIH EX ���' JSV �� L�

Cheese Making

*YPP�JEX ��	
� LSQSKIRM^IH� ERH TEWXIYVM^IH FSZMRI 
QMPO [EW XIQTIVIH EX ���'� 7XVITXSGSGGYW XLIVQSTLMPYW 
17� 0&� 0%� ERH 0' [IVI EHHIH EX ���	 ERH QM\IH 

XLSVSYKLP] JSV � QMR� %JXIV �� QMR� XLI QMPO [EW GSEKY�
PEXIH YWMRK HSYFPI�WXVIRKXL GL]QSWMR EGGSVHMRK XS XLI 
QERYJEGXYVIV MRWXVYGXMSRW �',=�1%<� 'LV� ,ERWIR 
4X] 0XH�� &E]W[EXIV� :MGXSVME� %YWXVEPME
 JSV �� QMR� 
8LI GYVH [EW GYX MRXS ��GQ� GYFIW YWMRK GLIIWI ORMZIW 
ERH WIXXPIH JSV �� QMR� ;LI] [EW HVEMRIH ERH GYVH 
GYFIW [IVI XVERWJIVVIH XS GLIIWIGPSXL XS JYVXLIV HVEMR 
JSV �� QMR� 'YVH TMIGIW [IVI [VETTIH MR GLIIWIGPSXL MR 
WQEPP TSVXMSRW �b��� K
 ERH TVIWWIH JSV �� QMR� 'LIIWI 
TMIGIW [IVI TPEGIH MR � FVMRI WSPYXMSRW �EX ��	
� 2E'P 
SRP] �%
� � 2E'P�� /'P �&
� � 2E'P�� /'P �'
� ERH � 
2E'P�� /'P �(
 ERH WXSVIH EX ��' JSV � QS� 7EQTPIW 
[IVI XEOIR EX �� ��� ��� ERH �� H SJ WXSVEKI� 8LI I\TIVM�
QIRX [EW VITIEXIH MR XVMTPMGEXI�

Chemical Composition

8LI GLIQMGEP GSQTSWMXMSR [EW HIXIVQMRIH EGGSVH�
MRK XS XLI %WWSGMEXMSR SJ 3JJMGMEP %REP]XMGEP 'LIQMWXW 
QIXLSHW �%3%'� ����
� QSMWXYVI GSRXIRX [EW HIXIV�
QMRIH F] XLI SZIR�HV]MRK QIXLSH EX ����'� JEX F] XLI 
&EFGSGO QIXLSH� TVSXIMR F] XLI /NIPHELP QIXLSH� ERH 
EWL F] XLI QYJJPI JYVREGI QIXLSH� *SV T, QIEWYVI�
QIRX� �� K SJ KVEXIH GLIIWI [EW QEGIVEXIH MR �� Q0 SJ 
HMWXMPPIH [EXIV� ERH XLI T, SJ XLI VIWYPXERX WPYVV] [EW 
QIEWYVIH YWMRK E GEPMFVEXIH HMKMXEP T, QIXIV �1IXIV�
0EF� 4EGMJMG 0EFSVEXSV] 4VSHYGXW %YWXVEPME 4X] 0XH�� 
1IPFSYVRI� :MGXSVME� %YWXVEPME
�

Survival of Bacterial in Akawi Cheese

8LI � FEGXIVME QIRXMSRIH TVIZMSYWP] [IVI IRYQIV�
EXIH EGGSVHMRK XS 3RK IX EP� �����
 ERH XLI -RXIV�
REXMSREP 3VKERM^EXMSR JSV 7XERHEVHM^EXMSR �-73�-(*� 
����
� +VEXIH GLIIWI ��� K
 [EW FPIRHIH MRXS ��� Q0 
SJ TITXSRI [EXIV ����	
� 7IVMEP HMPYXMSRW [IVI QEHI 
ERH IEGL X]TI SJ FEGXIVME [EW IRYQIVEXIH SR ET�
TVSTVMEXI EKEV� 7XVITXSGSGGYW XLIVQSTLMPYW 17 [IVI 
GSYRXIH YWMRK 1�� �3\SMH 0XH�
 ERH EIVSFMGEPP] MRGY�
FEXIH EX ���' JSV �� L� 0EGXSFEGMPPYW HIPFVYIGOMM WWT� 
FYPKEVMGYW ����� [EW IRYQIVEXIH YWMRK T,�QSHMJMIH 
�T, ���
 167 EKEV �1IVGO 4X] 0XH�� :MGXSVME� %YW�
XVEPME
 ERH MRGYFEXIH EREIVSFMGEPP] EX ���' JSV �� L� 
HI 1ER� 6SKSWE� ERH 7LEVTI EKEV WYTTPIQIRXIH [MXL 
WSVFMXSP �1IVGO 4X] 0XH�
 [EW YWIH XS IRYQIVEXI 0%� 
8LI WYTTPIQIRXIH 167�WSVFMXSP EKEV [EW TVITEVIH F] 
EHHMRK �� Q0 SJ QIQFVERI�JMPXIVIH WXIVMPI ��	 WSPY�
XMSRW �[X�ZSP
 SJ WSVFMXSP XS �� Q0 SJ QSPXIR 167 
EKEV NYWX FIJSVI TSYVMRK� 4PEXIW [IVI EREIVSFMGEPP] 
MRGYFEXIH EX ���' JSV �� L� HI 1ER� 6SKSWE� ERH 
7LEVTI�ZERGSQ]GMR �167�:
 EKEV [EW YWIH JSV XLI 
WIPIGXMZI IRYQIVEXMSR SJ 0'� 8LI 167�: EKEV [EW 
TVITEVIH F] EHHMRK � Q0 SJ ��� QK�Q0 SJ ZERGSQ]�
GMR �7MKQE�%PHVMGL� 7X� 0SYMW� 13
 WSPYXMSR XS � 0 
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SJ QSPXIR 167 EKEV NYWX FIJSVI TSYVMRK XS SFXEMR E 
��QK�0 JMREP GSRGIRXVEXMSR� 8LI TPEXIW [IVI EREIVSFM�
GEPP] MRGYFEXIH EX ���' JSV �� L� 8LI EREIVSFMG GSRHM�
XMSR JSV EPP FEGXIVME [EW EGLMIZIH YWMRK EREIVSFMG NEVW 
ERH %REIVSGYPX ' �1IVGO 4X] 0XH�
 XS KIRIVEXI ER 
EREIVSFMG EXQSWTLIVI MR EREIVSFMG NEVW�

Organic Acids Analysis

0EGXMG� GMXVMG� ERH EGIXMG EGMHW [IVI HIXIVQMRIH YW�
MRK ,40' EGGSVHMRK XS %]]EWL ERH 7LEL �����
� [MXL 
WSQI QSHMJMGEXMSRW� % ��Q0 EPMUYSX SJ [EXIV�WSPYFPI 
I\XVEGX �;7)
 [EW JVII^I HVMIH� 8LI JVII^I�HVMIH 
TS[HIV [EW HMWWSPZIH MR � Q0 SJ ����� 2 WYPJYVMG EGMH 
�1IVGO 4X] 0XH�
 ERH XLIR GIRXVMJYKIH EX ����� » K 
JSV �� QMR� 8LI WYTIVREXERX [EW JMPXIVIH YWMRK E �����
�Q QIQFVERI JMPXIV �1MPPI\� 1MPPMTSVI 'SVT�� &IHJSVH� 
1%
 ERH �� �0 [EW MRNIGXIH MRXS XLI ,40' W]WXIQ� 
8LI ,40' W]WXIQ GSRWMWXIH SJ E :EVMER ���� WSPZIRX 
HIPMZIV] W]WXIQ� E :EVMER ���� EYXSWEQTPIV� E :EVMER 
���� ZEVMEFPI [EZIPIRKXL 9:�ZMWMFPI �9:�:MW
 XYREFPI 
EFWSVFERGI HIXIGXSV ERH E ��� HEXE QSHYPI �:EVMER 
-RG�� 4EPS %PXS� '%
� %R %QMRI\ ,4<���, GSPYQR 
���� » ��� QQ� &MS�6EH 0EFSVEXSVMIW -RG�� 6MGLQSRH� 
'%
� [EW YWIH� 7YPJYVMG EGMH ������ 2
� JMPXIVIH XLVSYKL 
E ������Q QIQFVERI JMPXIV �1MPPMTSVI 'SVT�
 [EW YWIH 
EW E QSFMPI TLEWI EX E JPS[ VEXI SJ ��� Q0�QMR� 8LI 
HIXIGXMSR HIZMGI [EW E 9:�:MW HIXIGXSV WIX EX ��� RQ 
[MXL VYRRMRK XMQI SJ �� QMR� 3VKERMG EGMH GSRGIRXVE�
XMSR [EW GEPGYPEXIH YWMRK ER I\XIVREP WXERHEVH GYVZI�

Assessment of Proteolysis

8LI ;7) SJ XLI GLIIWI WEQTPIW [IVI TVITEVIH EG�
GSVHMRK XS /YGLVSS ERH *S\ �����
� 8LI RMXVSKIR MR 
XLI I\XVEGX [EW IWXMQEXIH F] XLI /NIPHELP QIXLSH 
�%3%'� ����
� 8[IPZI TIVGIRX 8'%�72 ERH �	 
48%�72 [IVI HIXIVQMRIH EGGSVHMRK XS %]]EWL ERH 
7LEL �����E
� 8VMGLPSVSEGIXMG EGMH 72 [EW EREP]^IH EW 
JSPPS[W� E ��Q0 WEQTPI SJ ;7) [EW QM\IH [MXL ��	 
8'% �7MKQE�%PHVMGL
 ERH OITX SZIVRMKLX EX VSSQ XIQ�
TIVEXYVI� 8LI QM\XYVI [EW GIRXVMJYKIH EX ����� » K 
JSV �� QMR ERH � Q0 SJ XLI WYTIVREXERX [EW EREP]^IH 
JSV 72 F] XLI /NIPHELP QIXLSH �%3%'� ����
� 8LI 
I\XIRX SJ WIGSRHEV] TVSXISP]WMW �48%�72
 [EW EWWE]IH 
WMQMPEVP] XS 8'%�72 YWMRK � Q0 SJ JMPXVEXI SFXEMRIH 
EJXIV TVIGMTMXEXMSR SJ JMPXIVIH ;7) SJ GLIIWI [MXL ��	 
48% �7MKQE�%PHVMGL
�

Peptide Profile by Reverse-Phase HPLC

8LI TITXMHI TVSJMPI SJ %OE[M GLIIWI HYVMRK XLI 
WXSVEKI TIVMSH [EW I\EQMRIH F] ,40' EGGSVHMRK XS 
%]]EWL ERH 7LEL �����E
� *MZI QMPPMPMXIVW SJ ;7) 
[EW JVII^I HVMIH ERH XLIR QM\IH [MXL � Q0 SJ WSPZIRX 

% GSRXEMRMRK ���	 XVMJPYSVSEGIXMG EGMH �8*%� 7MKQE�
%PHVMGL
� GIRXVMJYKIH ������� » K JSV �� QMR
 YWMRK E 
FIRGLXST GIRXVMJYKI �7SVZEPP 68�� 7SVZEPP� 2I[XS[R� 
'8
� ERH JMPXIVIH XLVSYKL E ������Q JMPXIV �1MPPMTSVI 
'SVT�
� 8LI VIZIVWI�TLEWI ,40' EREP]WMW [EW GEVVMIH 
SYX YWMRK ,40' GSRWMWXMRK SJ E :EVMER ���� WSPZIRX 
HIPMZIV] W]WXIQ� E :EVMER ���� EYXSWEQTPIV� E :EVMER 
���� ZEVMEFPI [EZIPIRKXL 9:�:MW XYREFPI EFWSVFERGI 
HIXIGXSV� ERH E ��� HEXE QSHYPI� % WEQTPI WM^I SJ �� 
�0 [EW MRNIGXIH MRXS XLI '�� VIZIVWI�TLEWI GSPYQR 
�����QQ PIRKXL » ����QQ HMEQIXIV� ���Q HMEQIXIV 
SJ XLI GSPYQR TEVXMGPIW MRWMHI� +VEGI :]HEG� ,IWTIVME� 
'%
 [MXL E KYEVH GSPYQR ��� » �� QQ� +VEGI :]HEG 
7ITEVEXMSRW -RG�� ,IWTIVME� '%
� 8LI WITEVEXMSR [EW 
GSRHYGXIH EX VSSQ XIQTIVEXYVI �b���'
 EX E JPS[ VEXI 
SJ ���� Q0�QMR� )PYIRX & [EW ��	 EGIXSRMXVMPI �1IVGO 
4X] 0XH�
 GSRXEMRMRK ����	 8*%� % PMRIEV KVEHMIRX [EW 
ETTPMIH JVSQ � XS ��	 IPYIRX & SZIV ��� QMR� JSPPS[IH 
F] �� QMR XS IUYMPMFVEXI XLI GSPYQR [MXL ���	 WSPZIRX 
%� 8LI HIXIGXMSR HIZMGI [EW E 9:�:MW HIXIGXSV WIX EX 
��� RQ ERH VIZIVWI�TLEWI ,40' GLVSQEXSKVEQW [IVI 
ZMWYEPP] EREP]^IH�

Measurement of Total Free AA

8SXEP JVII %% �8*%%
 GSRGIRXVEXMSRW SJ [EXIV�WSP�
YFPI RMXVSKIR SJ %OE[M GLIIWI WEQTPIW [IVI QIEWYVIH 
YWMRK XLI 'H�RMRL]HVMR QIXLSH EGGSVHMRK XS *SPO�
IVXWQE ERH *S\ �����
 ERH ;7)� TVITEVIH EW TVIZM�
SYWP] HIWGVMFIH� [EW YWIH MR EREP]WMW� %R EPMUYSX ���� 
�0
 [EW TPEGIH MR E KPEWW XYFI ERH HMPYXIH [MXL � Q0 
SJ 1MPPM�5 [EXIV �1MPPMTSVI 'SVT�
� 8[S QMPPMPMXIVW SJ 
'H�RMRL]HVMR VIEKIRX ?��� K SJ RMRL]HVMR [EW HMWWSPZIH 
MR E QM\XYVI SJ �� Q0 SJ KPEGMEP EGIXMG EGMH ����	
 
ERH �� Q0 SJ IXLERSP �����	
� JSPPS[IH F] HMWWSPZMRK 
� K SJ 'H'P� MR � Q0 SJ 1MPPM�5 [EXIVA [EW EHHIH� 
8LI QM\XYVI [EW LIEXIH EX ���' JSV � QMR ERH XLIR 
GSSPIH EX VSSQ XIQTIVEXYVI XLIR EFWSVFERGI EX ��� 
RQ [EW QIEWYVIH YWMRK E 9:�:-7 WTIGXVSTLSXSQIXIV 
?9:������ 7LMQEH^Y 7GMIRXMJMG -RWXVYQIRXW �3GIERME
 
4X] 0XH�� 6]HEPQIVI� 2I[ 7SYXL ;EPIW� %YWXVEPMEA� 
%PP GLIQMGEPW [IVI TYVGLEWIH JVSQ 7MKQE�%PHVMGL ERH 
EREP]WIW [IVI GEVVMIH SYX MR HYTPMGEXI�

Proteolytic Activity by o-Phthalaldehyde

4VSXISP]XMG EGXMZMX] SJ %OE[M GLIIWI WEQTPIW [EW 
HIXIVQMRIH EGGSVHMRK XS 'LYVGL IX EP� �����
� &VMIJP]� 
�� �0 SJ ;7) [EW TPEGIH MRXS E ����Q0 GYZIXXI ERH 
QM\IH [MXL � Q0 SJ S�TLXLEPEPHIL]HI �34%
 VIEKIRX 
TVITEVIH MR E ���Q0 ZSPYQIXVMG JPEWO EW JSPPS[W� �� Q0 
SJ ��� Q1 HMWSHMYQ XIXVEFSVEXI �1IVGO 4X] 0XH�
� ��� 
Q0 SJ ��	 �[X�[X
 7(7 �1IVGO 4X] 0XH�
� �� QK SJ 
34% HMWWSPZIH MR � Q0 SJ QIXLERSP �1IVGO 4X] 0XH�
� 
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8LI ZSPYQI [EW GSQTPIXIH [MXL 1MPPM�5 [EXIV� 8LI 
GYZIXXI [EW MRZIVXIH X[MGI ERH XLI MRGYFEXIH JSV � QMR 
EX VSSQ XIQTIVEXYVI� 8LI EFWSVFERGI [EW QIEWYVIH EX 
��� RQ YWMRK E 9:�:-7 WTIGXVSTLSXSQIXIV ?7LMQEH^Y 
7GMIRXMJMG -RWXVYQIRXW �3GIERME
 4X] 0XH�A MR HYTPMGEXI�

ACE-Inhibitory Activity in WSE

%RKMSXIRWMR�GSRZIVXMRK IR^]QI�MRLMFMXSV] EGXMZMX] 
[EW QIEWYVIH EGGSVHMRK XS %]]EWL ERH 7LEL �����H
 
YWMRK ,40'� *MZI QMPPMPMXIVW SJ ;7) [EW JVII^I HVMIH 
ERH XLIR HMWWSPZIH MR � Q0 SJ 8VMW FYJJIV ��� Q1� T, 
���
 GSRXEMRMRK ��� Q1 2E'P� 8LI %') IR^]QI �JVSQ 
VEFFMX PYRK
 ERH LMTTYV]P�LMWXMH]P�PIYGMRI �,,0
 [IVI 
TYVGLEWIH JVSQ 7MKQE�%PHVMGL ERH TVITEVIH MR 8VMW 
FYJJIV� 8LI EWWE] GSRWMWXIH SJ �� �0 SJ ��� Q1 ,,0� 
�� �0 SJ �����Q9�Q0 %') IR^]QI� ERH �� �0 SJ HMW�
WSPZIH ;7) WEQTPI� 8LI QM\XYVI [EW TPEGIH MR E KPEWW 
XYFI ERH XLIR MRGYFEXIH JSV �� QMR EX ���' MR E [EXIV 
FEXL [MXLSYX QM\MRK ERH XLIR JSV ER EHHMXMSREP �� QMR 
EJXIV QM\MRK� +PEGMEP EGIXMG EGMH ���� �0
 [EW EHHIH 
XS WXST %') IR^]QI EGXMZMX]� 8LI QM\XYVI [EW OITX EX 
n���' XS FI EREP]^IH YWMRK ,40'� 8LI VIWYPXMRK LMT�
TYVMG EGMH JVSQ XLI TVIZMSYW VIEGXMSR [EW HIXIVQMRIH 
YWMRK ,40'� %R I\XIVREP WXERHEVH GYVZI [EW TVITEVIH 
XS UYERXMJ] XLI LMTTYVMG EGMH MR EWWE] WEQTPIW� %R 
EPMUYSX ��� �0
 SJ XLI QM\XYVI [EW MRNIGXIH MRXS XLI 
,40' W]WXIQ GSRWMWXMRK SJ E :EVMER ���� WSPZIRX HIPMZ�
IV] W]WXIQ� E :EVMER ���� EYXSWEQTPIV� E :EVMER ���� 
ZEVMEFPI [EZIPIRKXL 9:�:MW XYREFPI EFWSVFERGI HIXIG�
XSV� ERH E ��� HEXE QSHYPI� 8LI W]WXIQ [EW JMXXIH [MXL 
E VIZIVWI�TLEWI GSPYQR �0YRE '��� ����QQ PIRKXL » 
����QQ HMEQIXIV� ���Q HMEQIXIV SJ XLI ,40' GSPYQR 
TEVXMGPIW MRWMHI� 4LIRSQIRI\ %YWXVEPME 4X] 0XH�� 2I[ 
7SYXL ;EPIW� %YWXVEPME
 [MXL E KYEVH GSPYQR �'�� � » 
��� QQ� 4LIRSQIRI\ %YWXVEPME 4X] 0XH�
� 8LI WITEVE�
XMSR [EW GSRHYGXIH EX VSSQ XIQTIVEXYVI �b���'
 EX 
E JPS[ VEXI SJ ��� Q0�QMR� 8LI QSFMPI TLEWI [EW ER 
MWSGVEXMG W]WXIQ GSRWMWXMRK SJ ����	 �ZSP�ZSP
 EGIXSRM�
XVMPI �1IVGO 4X] 0XH�
 MR 1MPPM�5 [EXIV� ERH XLI T, 
[EW EHNYWXIH XS T, ��� YWMRK KPEGMEP EGIXMG EGMH �1IVGO 
4X] 0XH�
� 8LI HIXIGXMSR HIZMGI [EW E 9:�:MW HIXIGXSV 
WIX EX ��� RQ� 8LI GSRXVSP VIEGXMSR QM\XYVI GSRXEMRIH 
�� �0 SJ FYJJIV MRWXIEH SJ XLI EWWE] WEQTPI� XLI GSRXVSP 
[EW I\TIGXIH XS PMFIVEXI XLI QE\MQYQ EQSYRX SJ LMT�
TYVMG EGMH JVSQ XLI WYFWXVEXI HYI XS YRMRLMFMXIH %') 
EGXMZMX]� 8LI TIVGIRX MRLMFMXMSR SJ IR^]QI EGXMZMX] [EW 
GEPGYPEXIH EW JSPPS[W�

 

-RLMFMXMSR TIVGIRXEKI

LMTTYVMG EGMH �GSRXVSP
 LMTTYVMG EGM
!

n HH �WEQTPI


LMTTYVMG EGMH �GSRXVSP

»����

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

'EPGMYQ� /� 2E� ERH 4 GSRXIRXW MR %OE[M GLIIWI 
WEQTPIW [IVI HIXIVQMRIH F] QYPXMX]TI MRHYGXMZIP] 
GSYTPIH TPEWQE EXSQMG IQMWWMSR �-'4)
 WTIGXVSQIXV] 
?-'4)������ 7LMQEH^Y 7GMIRXMJMG -RWXVYQIRXW �3GIERME
 
4X] 0XH�A EGGSVHMRK XS %]]EWL ERH 7LEL �����F
 [MXL 
WSQI QSHMJMGEXMSRW� +VEXIH GLIIWI �� K
 [EW HMKIWXIH 
MR E QM\XYVI SJ ,23� ERH ,'P3� ����� 1IVGO 4X] 0XH�
 
SR E LSX TPEXI YRXMP XLI QM\XYVI [EW GPIEV� 8LI SVMKM�
REP WEQTPI [EW HMPYXIH � XS �� MR 1MPPM�5 [EXIV� 8LI 
HMPYXIH WEQTPIW [IVI JMPXIVIH [MXL E ������Q JMPXIV ERH 
EREP]^IH YWMRK -'4)����� ?7LMQEH^Y 7GMIRXMJMG -RWXVY�
QIRXW �3GIERME
 4X] 0XH�A� %PP WEQTPIW [IVI HMPYXIH ��� 
XMQIW ERH XLIR JMPXIVIH YWMRK ���� �Q �1MPPMTSVI 'SVT�
 
FIJSVI HMVIGXP] MRNIGXMRK MRXS XLI -'4)����� WTIGXVSQ�
IXIV� 8LI -'4)����� WTIGXVSQIXIV GSRWMWXIH SJ ER 
%7'����� EYXSWEQTPIV� E L]HVMHI KIRIVEXSV ,:+�-'4� 
E L]HVSJPYSVMG EGMH WEQTPI MRNIGXMSR W]WXIQ �,*7��
� 
E PS[�XIQTIVEXYVI XLIVQSWXEXMG GLEQFIV �2'&�����
� 
ERH E WSJX[EVI TEGOEKI �-'4)�����
� 'EPGMYQ� /� 2E� 
ERH 4 GSRGIRXVEXMSRW [IVI GEPGYPEXIH MR WEQTPIW YWMRK 
ER I\XIVREP WXERHEVH GYVZI GSRWMWXMRK SJ XLI � IPIQIRXW� 
TVITEVIH EX �� ��� ��� ��� ERH �� QK�OK�

Soluble Ca, P, Na, and K

8LI WSPYFPI 'E� I\TVIWWIH EW TIVGIRXEKI SJ XSXEP 'E 
MR %OE[M GLIIWI� [EW EREP]^IH EGGSVHMRK XS %]]EWL ERH 
7LEL �����G
� [MXL WSQI QSHMJMGEXMSRW� &VMIJP]� KVEXIH 
GLIIWI ��� K
 [EW XEOIR JVSQ XLI WLVIHHIH GLIIWI PSX 
ERH LSQSKIRM^IH [MXL �� Q0 SJ 1MPPM�5 [EXIV �1MPPM�
TSVI 'SVT�
 YWMRK ER 9PXVE�8YVVE\ LSQSKIRM^IV �.EROI 

 /YROIP +QF, 
 'S� /+� 7XEYJIR MQ &VIMWKEY� 
+IVQER]
 EX ������ VTQ JSV � QMR� 8LI GLIIWI WPYVV] 
[EW GIRXVMJYKIH EX ����� » K JSV �� QMR ERH XLIR XLI 
WYTIVREXERX [EW JMPXVEXIH YWMRK ;LEXQER ��� JMPXIV 
TETIV �;LEXQER -RXIVREXMSREP 0XH�� 1EMHWXSRI� 9/
� 
8LI JMPXVEXI [EW JMPXIVIH [MXL E ������Q JMPXIV �1MP�
PI\� 1MPPMTSVI 'SVT�
 ERH XLIR WSPYFPI 'E ERH 4 [IVI 
EREP]^IH YWMRK XLI -'4 QIXLSH� [LMGL [EW TVIZMSYWP] 
QIRXMSRIH� 8LI 'E ERH 4 TIVGIRXEKI [EW GEPGYPEXIH 
EW JSPPS[W�

 

4IVGIRXEKI SJ WSPYFPI 'E� 4� 2E� ERH /

WSPYFPI 'E� 4� 2E� 
!

EERH / QK ��� K

XSXEP 'E� 4� 2E� ERH / QK ��� K

� 

� 


»����
 

Texture Profile Analysis

8LI XI\XYVI TVSJMPI �LEVHRIWW� GSLIWMZIRIWW� EHLIWMZI�
RIWW� ERH KYQQMRIWW
 [EW EREP]^IH EGGSVHMRK XS %]]EWL 
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IX EP� �����
� ']PMRHIVW SJ �� » ���QQ �HMEQIXIV » 
LIMKLX
 GLIIWIW [IVI GYX JVSQ %OE[M GLIIWI FPSGOW EX 
XLI GIRXIV� 7TIGMQIRW [IVI OITX MR E VIJVMKIVEXSV EX 
��' SZIVRMKLX MR WIEPIH TPEWXMG GSRXEMRIVW ERH XLIR XI\�
XYVI TVSJMPIW [IVI HIXIVQMRIH� ,EVHRIWW� GSLIWMZIRIWW� 
EHLIWMZIRIWW� ERH KYQQMRIWW [IVI QIEWYVIH YWMRK ER 
-RWXVSR YRMZIVWEP XIWXMRK QEGLMRI �QSHIP ����� -RWXVSR 
0XH�� 0SRHSR� 9/
 FEWIH SR XLI TVMRGMTPIW HIWGVMFIH 
F] 4SRW ERH *MW^QER �����
� 8LI WEQTPIW [IVI GSQ�
TVIWWIH XS ��	 SJ XLIMV LIMKLXW YWMRK E ����2 PSEH GIPP 
[MXL E JPEX TPYRKIV ERH XLI GVSWWLIEH QSZIQIRX [EW 
EHNYWXIH XS �� QQ�QMR� 8[S G]GPI GSQTVIWWMSRW [IVI 
GEVVMIH SYX ERH XLI HEXE [IVI GSPPIGXIH YWMRK 1IVPMR 
WSJX[EVI �;SSHZMPPI� 7SYXL %YWXVEPME
� %REP]WIW [IVI 
TIVJSVQIH MR HYTPMGEXI�

Sensory Properties

8IR TERIPMWXW [IVI VIGVYMXIH JSV EWWIWWMRK WIRWSV] 
EXXVMFYXIW� 8LI TERIPMWXW [IVI JEQMPMEV [MXL FEWMG WIR�
WSV] IZEPYEXMSR XIGLRMUYIW JSV GLIIWIW ERH [IVI JYVXLIV 
XVEMRIH JSV XLIMV EFMPMX] XS HIXIGX GVIEQMRIWW� FMXXIVRIWW� 
WEPXMRIWW� WSYV�EGMH� ERH ZMRIKEV XEWXI� 4VMSV XS WIRWSV] 
IZEPYEXMSR� XLI] EPWS TEVXMGMTEXIH MR E FVMIJMRK WIWWMSR� 
%PP TERIPMWXW WMKRIH E :MGXSVME 9RMZIVWMX] LYQER WYF�
NIGXtW GSRWIRX JSVQ� 7IRWSV] IZEPYEXMSR [EW GSRHYGXIH 
JSV %OE[M GLIIWIW EX H ��� ��� ERH �� SJ WXSVEKI� 'LIIWI 
WEQTPIW [IVI VIQSZIH JVSQ XLI VIJVMKIVEXSV� XIQTIVIH 
EX VSSQ XIQTIVEXYVI ����'
 JSV � L ERH GYX MRXS TMIGIW 
ERH TPEGIH SR [LMXI TPEXIW GSHIH [MXL VERHSQ RYQ�
FIVW� 8LI TERIPMWXW IZEPYEXIH �� GLIIWI WEQTPIW ERH 
[EXIV [EW TVSZMHIH XS GLIIWI TERIPMWXW FIX[IIR IEGL 
WEQTPI� 8LI TERIPMWXW WGSVIH XLI EXXVMFYXIW YWMRK E 
���TSMRX WGEPI EW JSPPS[W� GVIEQMRIWW� � ! EFWIRX� �� 
! I\XVIQIP] GVIEQ]� FMXXIVRIWW� � ! EFWIRX� �� ! I\�
XVIQIP] FMXXIV� WEPXMRIWW� � ! EFWIRX� �� ! I\XVIQIP] 
WEPX]� WSYV�EGMH� � ! RSX EGMHMG� �� ! I\XVIQIP] EGMHMG� 
ERH ZMRIKEV� � ! RSX HIXIGXIH� �� ! LMKL MRXIRWMX]� 
8LI HIJMRMXMSRW SJ WIRWSV] EXXVMFYXIW ERH VIJIVIRGIW EVI 
TVIWIRXIH MR 8EFPI �� 4ERIPMWXW [IVI XVEMRIH JSV XLIMV 
EFMPMX] XS VERO TVSHYGXW [MXL HMJJIVIRX GSRGIRXVEXMSRW 
SJ PEGXMG EGMH� EGIXMG EGMH� WSHMYQ GLPSVMHI� ERH GEJJIMRI 
JVSQ PS[IWX MRXIRWMX] XS LMKLIWX MRXIRWMX] MR [EXIV ERH 

MR GVIEQ GLIIWI� 8IWXW [IVI VITIEXIH YRXMP XLI TERIPMWXW 
[IVI EFPI XS VERO HMJJIVIRX MRXIRWMXMIW SJ PEGXMG EGMH� 
EGIXMG EGMH� WSHMYQ GLPSVMHI� ERH GEJJIMRI MR FSXL [EXIV 
ERH GVIEQ GLIIWI �3RK� ����
�

Statistical Analysis

3RI�[E] %23:% [EW TIVJSVQIH XS MRZIWXMKEXI WMK�
RMJMGERX HMJJIVIRGIW �4   ����
 FIX[IIR I\TIVMQIRXEP 
GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� 8LI *MWLIV PIEWX 
WMKRMJMGERX HMJJIVIRGI �07(
 XIWX [EW GEVVMIH SYX XS 
I\EQMRI HMJJIVIRGIW FIX[IIR QIERW SJ I\TIVMQIRXEP 
GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� 8LI WMKRMJMGERGI SJ 
WXSVEKI TIVMSH [EW I\EQMRIH JSV XLI WEQI WEPX XVIEX�
QIRX YWMRK XLI 07( XIWX�

RESULTS AND DISCUSSION

Chemical Composition

1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW MR EHHMXMSR 
XS T, ZEPYIW SJ � I\TIVMQIRXEP %OE[M GLIIWIW HYVMRK 
�� H SJ WXSVEKI EVI TVIWIRXIH MR 8EFPI �� -R KIRIVEP� 
RS WMKRMJMGERX HMJJIVIRGIW �4 " ����
 [IVI SFWIVZIH MR 
QSMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW EQSRK XLI 
I\TIVMQIRXEP %OE[M GLIIWIW EX WEQI WXSVEKI TIVMSH� 
8LIWI VIWYPXW EVI MR EGGSVHERGI [MXL XLSWI SJ %]]EWL 
ERH 7LEL ������ ����F
 [LS VITSVXIH WMQMPEV VIWYPXW 
MR ,EPPSYQM ERH 2EFYPWM GLIIWIW� %W WIIR MR 8EFPI �� 
ER SGGEWMSREP WMKRMJMGERX HMJJIVIRGI �4   ����
 SGGYVVIH 
FIX[IIR I\TIVMQIRXEP GLIIWIW MR QSMWXYVI GSRXIRX EX H 
��� TVSXIMR ERH EWL GSRXIRXW EX H ��� ERH JEX GSRXIRX 
EX H � ERH ��� 8LMW QE] FI EXXVMFYXIH XS HMJJIVIRGIW MR 
GLIIWI PSEZIW� FYX RSX HYI XS WEPX XVIEXQIRX� 7MQMPEV VI�
WYPXW LEZI FIIR VITSVXIH F] %]]EWL ERH 7LEL �����F
� 
8LI T, ZEPYIW WMKRMJMGERXP] �4   ����
 HMJJIVIH EQSRK 
%OE[M GLIIWIW JSV XLI WEQI WEPX XVIEXQIRX� %JXIV H �� 
SJ WXSVEKI� T, ZEPYIW SJ %OE[M GLIIWI MR XVIEXQIRXW ' 
ERH ( [IVI LMKLIV GSQTEVIH [MXL XVIEXQIRXW % ERH &� 
8LMW WYKKIWXIH XLEX [LIR XLI WYFWXMXYXMSR PIZIP [MXL 
/'P MRGVIEWIH �' ! ��	 ERH ( ! ��	
� XLI T, ZEPYIW 
MRGVIEWIH� 8LMW VIWYPX MW MR EKVIIQIRX [MXL %]]EWL ERH 
7LEL �����F
 ERH /EXWMEVM IX EP� �����
 [LS VITSVXIH 

8EFPI �� 8LI HIWGVMTXMSR SJ WIRWSV] IZEPYEXMSR EXXVMFYXIW� 

%XXVMFYXI (IJMRMXMSR 6IJIVIRGI

'VIEQMRIWW *PEZSV EWWSGMEXIH [MXL JVIWL QMPO� GVIEQ] TVSHYGX� GSRHIRWIH QMPO 9PXVE�LMKL�XIQTIVEXYVI �9,8
 
TEWXIYVM^IH GVIEQ [MXL ��	 JEX

&MXXIVRIWW 'LIQMGEP�PMOI� EWTMVMR� XEWXI WIRWEXMSR SJ GEJJIMRI 'EJJIMRI �����	 MR [EXIV

7EPXMRIWW *YRHEQIRXEP XEWXI WIRWEXMSR SJ [LMGL WSHMYQ GLPSVMHI MW X]TMGEP 7SHMYQ GLPSVMHI ��	 MR [EXIV

7SYV�EGMH *YRHEQIRXEP XEWXI WIRWEXMSR SJ PEGXMG SV GMXVMG EGMH 'MXVMG EGMH �����	 MR [EXIV
 ERH 

EGIXMG EGMH �����	 MR [EXIV

:MRIKEV *PEZSV EWWSGMEXIH [MXL ZMRIKEV :MRIKEV XIWX JVSQ QEVOIX

�7IRWSV] EXXVMFYXI HIJMRMXMSRW ERH VIJIVIRGIW [IVI HIWGVMFIH EGGSVHMRK XS 3RK �����
 ERH (IPELYRX] ERH (VEOI �����
�
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WMQMPEV VIWYPXW� 8LMW T, XVIRH QE] FI HYI XS XLI LMKLIV 
T, SJ XLI /'P WSPYXMSR F] EFSYX ��� GSQTEVIH [MXL 
2E'P� %REP]WMW SJ ZEVMERGI WLS[IH XLEX QSMWXYVI ERH 
TVSXIMR GSRXIRXW WMKRMJMGERXP] �4   ����
 HIGVIEWIH 
ERH EWL GSRXIRX MRGVIEWIH �4   ����
 HYVMRK WXSVEKI 
EX XLI WEQI WEPX XVIEXQIRX� 8LMW MW HYI XS QMKVEXMSR 
SJ QSMWXYVI JVSQ XLI GLIIWI PSEJ XS[EVH XLI FVMRI WSPY�
XMSR� [LMGL HIGVIEWIH �4   ����
 XLI QSMWXYVI GSRXIRX 
HYVMRK WXSVEKI� %PWS� XLI QMKVEXMSR SJ WEPX JVSQ XLI 
FVMRI WSPYXMSR XS[EVH XLI GLIIWI PSEJ MRGVIEWIH �4   
����
 XLI EWL GSRXIRX HYVMRK XLI WXSVEKI TIVMSH JSV XLI 
WEQI WEPX XVIEXQIRX� 8LIWI VIWYPXW EKVII [MXL XLSWI SJ 

%]]EWL ERH 7LEL �����
 [LS VITSVXIH WMQMPEV VIWYPXW 
MR ,EPPSYQM GLIIWI�

Assessment of Proteolysis

*MZI QIEWYVIH MRHMGEXSVW SJ TVSXISP]WMW� [EXIV�WSPYFPI 
RMXVSKIR� 8'%�72� 48%�72� 34%� ERH 8*%% EVI TVI�
WIRXIH MR 8EFPI �� 2S WMKRMJMGERX HMJJIVIRGIW [IVI JSYRH 
MR 8'%�72 ERH 8*%% FIX[IIR I\TIVMQIRXEP GLIIWIW 
EX XLI WEQI WXSVEKI TIVMSH� 7XEVXMRK JVSQ H �� XS XLI 
IRH SJ WXSVEKI� WMKRMJMGERX �4   ����
 HMJJIVIRGIW [IVI 
SFWIVZIH MR [EXIV�WSPYFPI RMXVSKIR ERH 48%�72 EQSRK 

8EFPI �� 1SMWXYVI� TVSXIMR� JEX� ERH EWL GSRXIRXW ERH T, ZEPYIW �QIER ZEPYIW � 7) SJ � XVMEPW
 SJ %OE[M GLIIWIW OITX MR � PIZIPW SJ 2E'P ERH 
/'P HYVMRK WXSVEKI JSV �� H EX ��' 

7XSVEKI  
�H


7EPX  
XVIEXQIRX� 1SMWXYVI �	
 4VSXIMR �	
 *EX �	
 %WL �	
 T,

� % ���� � ���E ���� � ���E ���� � ���F ��� � ���E ���� � ����F

& ���� � ���E ���� � ���E ���� � ���EF ��� � ���E ���� � ����E

' ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����E

( ���� � ���E ���� � ���E ���� � ���EF ��� � ���E ���� � ����E

�� % ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����F

& ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����E

' ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����E

( ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����E

�� % ���� � ���EF ���� � ���E ���� � ���EF ��� � ���E ���� � ����EF

& ���� � ���E ���� � ���E ���� � ���E ��� � ���E ���� � ����F

' ���� � ���EF ���� � ���E ���� � ���F ��� � ���E ���� � ����EF

( ���� � ���F ���� � ���E ���� � ���EF ��� � ���E ���� � ����E

�� % ���� � ���E ���� � ���E ���� � ���E ��� � ���F ���� � ����G

& ���� � ���E ���� � ���EF ���� � ���E ��� � ���EF ���� � ����F

' ���� � ���E ���� � ���EF ���� � ���E ��� � ���F ���� � ����E

( ���� � ���E ���� � ���F ���� � ���E ��� � ���E ���� � ����E

EiG1IERW [MXLMR E GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL XLI WEQI WYTIVWGVMTX PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�[X
� ' ! � 2E'P�� /'P �[X�[X
� ( ! � 2E'P�� /'P �[X�[X
�

8EFPI �� ;EXIV�WSPYFPI RMXVSKIR �;72
� 8'%� TLSWTLSXYRKWXMG EGMH �48%
� S�TLXLEPEPHIL]HI �34%
� ERH XSXEP JVII %% �8*%%
 GSRXIRXW 
�QIER ZEPYIW � 7) SJ � XVMEPW
 SJ %OE[M GLIIWIW OITX MR � PIZIPW SJ 2E'P ERH /'P HYVMRK WXSVEKI JSV �� H EX ��' 

7XSVEKI  
�H


7EPX  
XVIEXQIRX� ;72 8'% 48% 34% 8*%%

� % ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

& ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

' ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E

( ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����F

�� % ���� � ����EF ���� � ����E ���� � ����E ���� � ����E ���� � ����E

& ���� � ����EF ���� � ����E ���� � ����F ���� � ����E ���� � ����E

' ���� � ����F ���� � ����E ���� � ����EF ���� � ����E ���� � ����E

( ���� � ����E ���� � ����E ���� � ����F ���� � ����E ���� � ����E

�� % ���� � ����E ���� � ����E ���� � ����E ���� � ����F ���� � ����E

& ���� � ����F ���� � ����E ���� � ����F ���� � ����F ���� � ����E

' ���� � ����F ���� � ����E ���� � ����F ���� � ����EF ���� � ����E

( ���� � ����F ���� � ����E ���� � ����F ���� � ����E ���� � ����E

�� % ���� � ����EF ���� � ����E ���� � ����E ���� � ����F ���� � ����E

& ���� � ����EF ���� � ����E ���� � ����F ���� � ����F ���� � ����E

' ���� � ����F ���� � ����E ���� � ����EF ���� � ����F ���� � ����E

( ���� � ����E ���� � ����E ���� � ����EF ���� � ����E ���� � ����E

E�F1IERW [MXLMR E GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL XLI WEQI WYTIVWGVMTX PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�[X
� ' ! � 2E'P�� /'P �[X�[X
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*MKYVI �� 6IZIVWIH�TLEWI ,40' TVSJMPIW SJ [EXIV�WSPYFPI I\XVEGX �;7)
 SJ %OE[M GLIIWI EX H �� ��� ��� ERH �� �(�� (��� (��� ERH (��� 
VIWTIGXMZIP]
� [LMGL [EW WEPXIH [MXL % �VIH
 ! 2E'P SRP] �GSRXVSP
� & �KVIIR
 ! � 2E'P�� /'P �[X�[X
� ' �FPYI
 ! � 2E'P�� /'P �[X�[X
� SV 
( �FPEGO
 ! � 2E'P�� /'P �[X�[X
 ERH WXSVIH EX ��'� 'SPSV ZIVWMSR EZEMPEFPI MR XLI SRPMRI 4(*�

117



4754 AYYASH ET AL.

Journal of Dairy Science Vol. 95 No. 9, 2012

I\TIVMQIRXEP GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� ,S[�
IZIV� 34% HMJJIVIH WMKRMJMGERXP] �4   ����
 FIX[IIR 
%OE[M GLIIWIW WXEVXMRK JVSQ H �� SJ WXSVEKI �8EFPI 
�
� %W WIIR JVSQ 8EFPI �� 48%�72 GSRXIRX MR %OE[M 
GLIIWI SJ XVIEXQIRX % �GSRXVSP
 [EW LMKLIV �4   ����
 
GSQTEVIH [MXL SXLIV XVIEXQIRXW �&� '� ERH (
 WXEVXMRK 
EX H �� YRXMP XLI IRH SJ XLI WXSVEKI TIVMSH� ,S[IZIV� 
XLI 34% GSRXIRX MR %OE[M GLIIWI SJ XVIEXQIRX ( [EW 
LMKLIV �4   ����
 GSQTEVIH [MXL SXLIV XVIEXQIRXW �%� 
&� ERH '
� 8LMW XVIRH QE] FI EXXVMFYXIH XS XLI EGXMZMX] 
SJ TVSXISP]XMG IR^]QIW TVSHYGIH F] PEGXMG EGMH FEGXIVME 
ERH TVSFMSXMG FEGXIVME� [LMGL� MR XYVR� QE] FI EJJIGXIH 
F] XLI TVIWIRGI SV EFWIRGI SJ /'0� 8LMW WYTTSVXIH 
XLI L]TSXLIWMW XLEX [EW TVSTSWIH F] %]]EWL ERH 7LEL 
�����F�H
 ERH %VQIRXIVSW IX EP� �����
 [LS VITSVXIH 

XLEX XLI TVIWIRGI SJ /'P MREGXMZEXIH SV EGXMZEXIH TEV�
XMGYPEV TVSXISP]XMG IR^]QIW� ;EXIV�WSPYFPI RMXVSKIR� 
8'%�72� ERH 48%�72 WLS[IH E WMKRMJMGERX �4   ����
 
MRGVIEWI HYVMRK WXSVEKI JSV XLI WEQI WEPX XVIEXQIRX�

Peptides Profiles and ACE-Inhibitory Activity

8LI TITXMHI TVSJMPI GLVSQEXSKVEQW SJ XLI I\TIVMQIR�
XEP %OE[M GLIIWIW EVI WLS[R MR *MKYVI �� 8LI L]HVS�
TLSFMG TITXMHIW [IVI HSQMRERX MR EPP TITXMHI TVSJMPIW 
SJ I\TIVMQIRXEP GLIIWIW �*MKYVI �
� %X XLI WEQI WXSVEKI 
TIVMSH� XLI GLVSQEXSKVEQW SJ XVIEXQIRXW &� '� ERH ( 
[IVI WMQMPEV GSQTEVIH [MXL XLI GSRXVSP �XVIEXQIRX %
� 
%W GER FI RSXMGIH� KIRIVEPP]� XLI RYQFIV SJ L]HVSTLS�
FMG TITXMHIW MR EPP I\TIVMQIRXEP GLIIWIW MRGVIEWIH HYV�
MRK XLI WXSVEKI TIVMSH �*MKYVI �
� 8LI %')�MRLMFMXSV] 
EGXMZMX] SJ %OE[M GLIIWIW HYVMRK XLI WXSVEKI TIVMSH MW 
WLS[R MR *MKYVI �� -R KIRIVEP� RS WMKRMJMGERX �4 " ����
 
HMJJIVIRGI I\MWXIH MR %')�MRLMFMXSV] EGXMZMX] FIX[IIR 
I\TIVMQIRXEP %OE[M GLIIWIW EX XLI WEQI WXSVEKI TI�
VMSH� 8LMW VIWYPX MW MR GSRXVEWX XS XLI VIWYPX SJ %]]EWL 
ERH 7LEL �����H
 [LS VITSVXIH E WMKRMJMGERX HMJJIVIRGI 
MR %')�MRLMFMXSV] EGXMZMX] EQSRK I\TIVMQIRXEP PS[�
QSMWXYVI 1S^^EVIPPE GLIIWIW� 8LMW ZEVMEXMSR QE] FI 
EXXVMFYXIH XS XLI HMJJIVIRGI FIX[IIR GLIIWI X]TI ERH 
QERYJEGXYVMRK WXITW� %REP]WMW SJ ZEVMERGI WLS[IH XLEX 
XLI %')�MRLMFMXSV] EGXMZMX] MRGVIEWIH �4 " ����
 HYV�
MRK XLI WXSVEKI TIVMSH JSV XLI WEQI WEPX XVIEXQIRX�

The Survival of Bacteria

8LI WXEVXIV GYPXYVI FEGXIVMEP KVS[XL �78 ERH 0&
 
ERH XLEX SJ XLI � TVSFMSXMG FEGXIVME �0' ERH 0%
 EVI 

*MKYVI �� %RKMSXIRWMR�GSRZIVXMRK IR^]QI �%')
�MRLMFMXSV] TIV�
GIRXEKI SJ [EXIV�WSPYFPI I\XVEGX �;7)
 SJ %OE[M GLIIWI WEPXIH [MXL 
� PIZIPW SJ ER 2E'P�/'P QM\XYVI� % ! 2E'P SRP] �GSRXVSP
� & ! � 
2E'P�� /'P �[X�[X
� ' ! � 2E'P�� /'P �[X�[X
� ( ! � 2E'P�� /'P 
�[X�[X
� HYVMRK WXSVEKI EX ��' JSV �� H�

8EFPI �� 7XVITXSGSGGYW XLIVQSTLMPYW� 0EGXSFEGMPPYW HIPFVYIGOMM WWT� FYPKEVMGYW� 0EGXSFEGMPPYW GEWIM� ERH 0EGXSFEGMPPYW EGMHSTLMPYW KVS[XL �GJY�K� 
QIER ZEPYIW � 7) SJ � XVMEPW
 MR %OE[M GLIIWIW OITX MR � PIZIPW SJ 2E'P ERH /'P HYVMRK WXSVEKI JSV �� H EX ��' 

7XSVEKI  
�H


7EPX  
XVIEXQIRX� 7XVIT� XLIVQSTLMPYW 0F� FYPKEVMGYW 0F� GEWIM 0F� EGMHSTLMPYW

� % ���� � ����E ���� � ����E ���� � ����E ���� � ����E

& ���� � ����E ���� � ����E ���� � ����F ���� � ����E

' ���� � ����E ���� � ����E ���� � ����F ���� � ����E

( ���� � ����E ���� � ����E ���� � ����EF ���� � ����E

�� % ���� � ����E ���� � ����E ���� � ����F ���� � ����E

& ���� � ����F ���� � ����E ���� � ����F ���� � ����F

' ���� � ����E ���� � ����E ���� � ����E ���� � ����E

( ���� � ����E ���� � ����E ���� � ����E ���� � ����E

�� % ���� � ����F ���� � ����F ���� � ����F ���� � ����G

& ���� � ����EF ���� � ����E ���� � ����E ���� � ����E

' ���� � ����EF ���� � ����E ���� � ����EF ���� � ����FG

( ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

�� % ���� � ����F ���� � ����E ���� � ����E ���� � ����F

& ���� � ����E ���� � ����E ���� � ����E ���� � ����EF

' ���� � ����E ���� � ����E ���� � ����E ���� � ����E

( ���� � ����EF ���� � ����E ���� � ����F ���� � ����EF

EiG1IERW [MXLMR E GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL XLI WEQI WYTIVWGVMTX PIXXIV HMH RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�[X
� ' ! � 2E'P�� /'P �[X�[X
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�

118



Journal of Dairy Science Vol. 95 No. 9, 2012

EFFECT OF NaCl SUBSTITUTION IN AKAWI CHEESE 4755

TVIWIRXIH MR 8EFPI �� 2S WMKRMJMGERX �4 " ����
 HMJ�
JIVIRGI [EW SFWIVZIH MR 0& KVS[XL EQSRK I\TIVMQIR�
XEP GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� ,S[IZIV� XLI 
KVS[XL SJ 78� 0'� ERH 0% WMKRMJMGERXP] �4   ����
 
HMJJIVIH EQSRK I\TIVMQIRXEP GLIIWIW� 8LMW JMRHMRK MW 
MR EGGSVHERGI [MXL XLSWI SJ %]]EWL ERH 7LEL �����H
 
[LS VITSVXIH E WMKRMJMGERX HMJJIVIRGI MR PEGXMG EGMH FEG�
XIVME KVS[XL FIX[IIR I\TIVMQIRXEP PS[�QSPIGYPEV QEWW 
GLMXSWERW� -R XLI GYVVIRX WXYH]� XLI HMJJIVIRGIW MR XLI 
FEGXIVMEP KVS[XL [IVI MRGSRWMWXIRX HYVMRK XLI WXSVEKI 
TIVMSH� 2SRIXLIPIWW� MX [EW SFZMSYW XLEX XLI WYFWXMXY�
XMSR SJ 2E'P [MXL /'P EJJIGXIH �4   ����
 TVSFMSXMG 
KVS[XL� 8LMW QE] FI EXXVMFYXIH XS XLI IJJIGX SJ XLI 

2E'P�/'P QM\XYVI SR XLI FEGXIVMEP IR^]QIW EGXMZMX]� 
[LMGL� MR XYVR� EJJIGXIH KVS[XL�

Organic Acids Profile

8EFPI � TVIWIRXW GMXVMG� PEGXMG� ERH EGIXMG EGMH GSRXIRXW 
�QK���� K
 SJ %OE[M GLIIWIW [MXL � HMJJIVIRX WEPX XVIEX�
QIRXW WXSVIH JSV �� H EX ��'� 7MKRMJMGERX �4   ����
 
HMJJIVIRGIW [IVI SFWIVZIH MR GMXVMG� PEGXMG� ERH EGIXMG 
EGMH GSRXIRXW EQSRK I\TIVMQIRXEP GLIIWIW EX XLI WEQI 
WXSVEKI TIVMSH� 8LIWI VIWYPXW QE] FI EXXVMFYXIH XS XLI 
HMJJIVIRGIW MR FEGXIVMEP KVS[XL HIWGVMFIH TVIZMSYWP]� 
'MXVMG� PEGXMG� ERH EGIXMG EGMHW [IVI TVSHYGIH EW E VIWYPX 

8EFPI �� 'MXVMG� PEGXMG� ERH EGIXMG EGMH GSRXIRXW �QK���� K� QIER ZEPYIW � 7) SJ � XVMEPW
 MR %OE[M GLIIWIW 
OITX MR � PIZIPW SJ 2E'P ERH /'P HYVMRK WXSVEKI JSV �� H EX ��' 

7XSVEKI  
�H


7EPX  
XVIEXQIRX� 'MXVMG EGMH 0EGXMG EGMH %GIXMG EGMH

� % ����� � ���E ����� � ���E ����� � ���E

& ����� � ���E ����� � ���E ����� � ���E

' ����� � ���F ����� � ���E ����� � ���E

( ����� � ����F ����� � ���E ����� � ���F

�� % ����� � ����E ����� � ����E ����� � ���EF

& ����� � ���E ����� � ���E ����� � ���F

' ����� � ���E ����� � ���E ����� � ���E

( ����� � ���E ����� � ���E ����� � ���EF

�� % ����� � ���EF ����� � ���F ����� � ���F

& ����� � ���E ����� � ���E ����� � ���E

' ����� � ���EF ����� � ���F ����� � ���F

( ����� � ����F ����� � ���G ����� � ���F

�� % ����� � ����F ����� � ���F ����� � ����F

& ����� � ���F ����� � ���F ����� � ����F

' ����� � ����F ����� � ���F ����� � ����EF

( ����� � ����E ����� � ���E ����� � ����E

EiG1IERW [MXLMR E GSPYQR ERH EX XLI WEQI WXSVEKI XMQI [MXL XLI WEQI WYTIVWGVMTX PIXXIV HMH RSX HMJJIV WMKRMJM�
GERXP] �4 " ����
�
�7EPX XVIEXQIRX� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�[X
� ' ! � 2E'P�� /'P �[X�[X
� ( ! � 
2E'P�� /'P �[X�[X
�

*MKYVI �� 'EPGMYQ GSRXIRXW SJ %OE[M GLIIWIW WXSVIH MR � PIZIPW SJ 
2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�[X
� 
' ! � 2E'P�� /'P �[X�[X
� ( ! � 2E'P�� /'P �[X�[X
� HYVMRK WXSV�
EKI JSV �� H EX ��'� 'SPSV ZIVWMSR EZEMPEFPI MR XLI SRPMRI 4(*�

*MKYVI �� 4LSWTLSVSYW GSRXIRXW SJ %OE[M GLIIWIW WXSVIH MR � PIZIPW 
SJ 2E'P ERH /'P� % ! 2E'P SRP] �GSRXVSP
� & ! � 2E'P�� /'P �[X�
[X
� ' ! � 2E'P�� /'P �[X�[X
� ( ! � 2E'P�� /'P �[X�[X
� HYVMRK 
WXSVEKI JSV �� H EX ��'� 'SPSV ZIVWMSR EZEMPEFPI MR XLI SRPMRI 4(*�
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SJ XLI FEGXIVMEP QIXEFSPMWQ MR GLIIWIW� ,IRGI� SVKERMG 
EGMH GSRXIRX MR %OE[M GLIIWI GSYPH FI EJJIGXIH EW E 
VIWYPX SJ XLI WEPXMRK XVIEXQIRX� [LMGL WMKRMJMGERXP] EJ�
JIGXIH XLI FEGXIVMEP KVS[XL� -R KIRIVEP� %23:% WLS[IH 
XLEX GMXVMG� PEGXMG� ERH EGIXMG EGMH GSRXIRXW MRGVIEWIH �4 
  ����
 HYVMRK WXSVEKI MR EPP WEPX XVIEXQIRXW �8EFPI �
�

Total and Soluble Ca, P, Na, and K Contents

8LI XSXEP GSRGIRXVEXMSRW SJ 'E� 4� 2E� ERH / MR I\�
TIVMQIRXEP %OE[M GLIIWIW HYVMRK XLI WXSVEKI TIVMSH EVI 
WLS[R MR *MKYVIW �� �� �� ERH �� VIWTIGXMZIP]� 'EPGMYQ 
ERH 4 GSRXIRXW MR I\TIVMQIRXEP GLIIWIW HIGVIEWIH WMK�
RMJMGERXP] �4   ����
 HYVMRK XLI WXSVEKI TIVMSH JSV EPP 

WEPX XVIEXQIRXW� ,S[IZIV� 'E ERH 4 GSRXIRXW HMJJIVIH 
MRWMKRMJMGERXP] �4 " ����
 FIX[IIR %OE[M GLIIWIW EX XLI 
WEQI SJ WXSVEKI TIVMSH �*MKYVIW � ERH �
� 8LIWI VIWYPXW 
EKVII [MXL XLSWI SJ %]]EWL ERH 7LEL ������ ����F
 
[LS VITSVXIH WMQMPEV VIWYPXW MR ,EPPSYQM ERH 2EFYPWM 
GLIIWIW� 8LMW VIHYGXMSR QE] FI HYI XS XLI QMKVEXMSR SJ 
'E ERH 4 XS[EVH XLI FVMRI WSPYXMSR� 7MKRMJMGERX �4   
����
 HMJJIVIRGIW [IVI JSYRH MR 2E ERH / GSRXIRXW MR 
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MRGVIEWIH �4   ����
 HYVMRK XLI WXSVEKI TIVMSH JSV XLI 
WEQI WEPX XVIEXQIRX� 8LIWI VIWYPXW EVI MR EKVIIQIRX 
[MXL XLSWI SJ %]]EWL ERH 7LEL ������ ����F
�

8EFPI � TVIWIRXW XLI WSPYFPI 'E� 4� 2E� ERH / GSR�
XIRXW �QK���� K
 MR I\TIVMQIRXEP GLIIWIW HYVMRK �� H SJ 
WXSVEKI EX ��'� 7SPYFPI 2E ERH / GSRXIRXW WMKRMJMGERXP] 
HMJJIVIH �4   ����
 FIX[IIR XLI � %OE[M GLIIWIW EX XLI 
WEQI WXSVEKI TIVMSH� -R EHHMXMSR� XLI WSPYFPI 2E ERH 
/ GSRXIRX MRGVIEWIH �4   ����
 HYVMRK WXSVEKI JSV XLI 
WEQI WEPX XVIEXQIRX� 8LMW QE] FI EXXVMFYXIH XS XLI WMK�
RMJMGERX HMJJIVIRGIW MR XSXEP 2E ERH / �*MKYVIW � ERH �
� 
8LI FILEZMSV SJ WSPYFPI 2E ERH / MR GLIIWIW WLSYPH FI 
JYVXLIV MRZIWXMKEXIH� 7SPYFPI 4 GSRXIRX MRWMKRMJMGERXP] 
HMJJIVIH �4 " ����
 EQSRK I\TIVMQIRXEP GLIIWIW EX XLI 
WEQI WXSVEKI XMQI ERH EX XLI WEQI WEPX XVIEXQIRX �8E�
FPI �
� % WMKRMJMGERX HMJJIVIRGI �4   ����
 [EW SFWIVZIH 
MR WSPYFPI 'E EQSRK I\TIVMQIRXEP GLIIWIW EX XLI WEQI 

WXSVEKI TIVMSH� 8LI HMJJIVIRGIW MR WSPYFPI 'E FIX[IIR 
%OE[M GLIIWIW WLS[IH ER MRGSRWMWXIRX XVIRH� [LMGL 
RIIHW JYVXLIV MRZIWXMKEXMSR XS YRHIVWXERH XLI FILEZMSV 
SJ WSPYFPI 'E� ,S[IZIV� XLI WSPYFPI 'E MRGVIEWIH �4   
����
 MR %OE[M GLIIWIW HYVMRK XLI WXSVEKI TIVMSH JSV XLI 
WEQI WEPX XVIEXQIRX� 8LMW VIWYPX EKVIIW [MXL JMRHMRKW 
SJ WSPYFPI 'E MR PS[�QSMWXYVI 1S^^EVIPPE GLIIWI WEPXIH 
[MXL � 2E'P�/'P QM\XYVIW ERH WXSVIH JSV �� H EX ��' 
�%]]EWL ERH 7LEL� ����G
�

Texture Profile Analysis

,EVHRIWW� GSLIWMZIRIWW� EHLIWMZIRIWW� ERH KYQQMRIWW 
SJ I\TIVMQIRXEP %OE[M GLIIWIW HYVMRK �� H SJ WXSVEKI 
EVI TVIWIRXIH MR 8EFPI �� -R KIRIVEP� LEVHRIWW ERH EH�
LIWMZIRIWW WLS[IH RS WMKRMJMGERX HMJJIVIRGIW �4 " ����
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8LI SGGEWMSREP WMKRMJMGERX HMJJIVIRGI MR LEVHRIWW EX H �� 
ERH MR EHLIWMZIRIWW EX H �� QE] FI EXXVMFYXIH XS HMJ�
JIVIRGIW FIX[IIR GLIIWI PSEZIW FYX [EW RSX HYI XS WEPX 
XVIEXQIRX �8EFPI �
� 8LIWI VIWYPXW EVI MR EGGSVHERGI 
[MXL XLSWI SJ %]]EWL IX EP� �����
 [LS VITSVXIH WMQMPEV 
VIWYPXW MR ,EPPSYQM GLIIWI� % WMKRMJMGERX HMJJIVIRGI MR 
GSLIWMZIRIWW I\MWXIH FIX[IIR I\TIVMQIRXEP GLIIWIW EX 
H �� ERH �� SJ WXSVEKI� % WMQMPEV XVIRH [EW SFWIVZIH 
MR KYQQMRIWW� [LMGL WLS[IH E WMKRMJMGERX HMJJIVIRGI 
FIX[IIR %OE[M GLIIWIW EX H �� ERH �� SJ WXSVEKI� ;I 
EWWYQI XLEX XLIWI HMJJIVIRGIW MR GSLIWMZIRIWW ERH KYQ�
QMRIWW QE] FI EXXVMFYXIH XS HMJJIVIRGIW FIX[IIR GLIIWI 
PSEZIW FYX RSX HYI XS WEPX XVIEXQIRXW�

Sensory Properties

7IRWSV] EXXVMFYXI WGSVIW �GVIEQMRIWW� FMXXIVRIWW� 
WEPXMRIWW� WSYV�EGMH� ERH ZMRIKEV
 SJ XLI � I\TIVMQIRXEP 
%OE[M GLIIWIW EVI TVIWIRXIH MR 8EFPI �� 2S WMKRMJMGERX 
HMJJIVIRGIW �4 " ����
 I\MWXIH MR GVIEQMRIWW� FMXXIVRIWW� 
WEPXMRIWW� WSYV�EGMH� ERH ZMRIKEV EQSRK I\TIVMQIRXEP 
%OE[M GLIIWIW EX XLI WEQI WXSVEKI TIVMSH� 8LIWI VIWYPXW 
EVI MR EKVIIQIRX [MXL XLSWI SJ /EXWMEVM IX EP� ������ 
����
 [LS VITSVXIH RS WMKRMJMGERX HMJJIVIRGI MR WIRWSV] 
EXXVMFYXIW FIX[IIR GLIIWIW QEHI [MXL E 2E'P�/'P 
QM\XYVI GSQTEVIH [MXL XLI GSRXVSP JSV *IXE ERH /I�
JEPSKVEZMIVE GLIIWIW� 8LMW WYKKIWXW XLEX %OE[M GLIIWIW 
WEPXIH [MXL XLI 2E'P�/'P QM\XYVI LEH WMQMPEV WIRWSV] 
EXXVMFYXIW EW XLSWI SJ XLI GSRXVSP� 8VIEXQIRX ( RYQIVM�
GEPP] VIGIMZIH PS[IV WEPXMRIWW WGSVIW GSQTEVIH [MXL XLI 
SXLIV XVIEXQIRXW� 8LI WEPXMRIWW WGSVI SJ XVIEXQIRX ( 
HIGVIEWIH �4 " ����
 HYVMRK XLI WXSVEKI TIVMSH �8EFPI 
�
� :MRIKEV WGSVIW MRGVIEWIH �4 " ����
 EX XLI IRH SJ 
XLI WXSVEKI TIVMSH� 8LMW VIWYPX [EW GSRWMWXIRX [MXL XLI 
MRGVIEWI MR EGIXMG EGMH GSRXIRX SGGYVVMRK HYVMRK WXSVEKI�

CONCLUSIONS

8LI IJJIGX SJ TEVXMEP WYFWXMXYXMSR SJ 2E'P ERH /'P 
WMKRMJMGERXP] EJJIGXIH QMGVSFMEP KVS[XL ERH TVSXISP]XMG 
EGXMZMX]� 8LI PEXXIV MW HYI XS XLI EGXMSR SJ TVSXISP]XMG 
IR^]QIW� 7EPX XVIEXQIRX MRWMKRMJMGERXP] EJJIGXIH XLI 
XI\XYVI TVSJMPI SJ %OE[M GLIIWI� 8LI IJJIGX SJ WEPX XVIEX�
QIRX SR GLIQMGEP GSQTSWMXMSR SJ %OE[M GLIIWI [EW 
MRWMKRMJMGERX� *YVXLIV WXYHMIW EVI RIIHIH XS YRHIVWXERH 
XLI VSPI SJ / MR GLIIWI ERH MXW IJJIGX SR TVSXISP]XMG 
IR^]QIW�
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���������
� -73 �����-(* ���� -73� +IRIZE� 7[MX^IVPERH�

/EXWMEVM� 1� '�� )� %PMGLERMHMW� 0� 4� :SYXWMREW� ERH -� +� 6SYWWMW� 
����� 4VSXISP]WMW MR VIHYGIH WSHMYQ /IJEPSKVEZMIVE GLIIWI QEHI 
F] TEVXMEP VITPEGIQIRX SJ 2E'P [MXL /'P�  *SSH 'LIQ�  �����i���

/EXWMEVM� 1� '�� 0� 4� :SYXWMREW� )� %PMGLERMHMW� ERH -� +� 6SYWWMW� 
����� 6IHYGXMSR SJ WSHMYQ GSRXIRX MR *IXE GLIIWI F] TEVXMEP WYF�
WXMXYXMSR SJ 2E'P F] /'P�  -RX� (EMV] .�  �����i����

/EXWMEVM� 1� '�� 0� 4� :SYXWMREW� )� %PMGLERMHMW� ERH -� +� 6SYWWMW� 
����� 1ERYJEGXYVI SJ /IJEPSKVEZMIVE GLIIWI [MXL PIWW WSHMYQ F] 
TEVXMEP VITPEGIQIRX SJ 2E'P [MXL /'P�  *SSH 'LIQ�  �����i���

/SXGLIR� 8� %� ����� 'SRXVMFYXMSRW SJ WSHMYQ ERH GLPSVMHI XS 2E'P�
MRHYGIH L]TIVXIRWMSR�  ,]TIVXIRWMSR  ������i����

/YGLVSS� '� 2�� ERH 4� *� *S\� ����� 7SPYFPI RMXVSKIR MR 'LIHHEV 
GLIIWI� 'SQTEVMWSR SJ I\XVEGXMSR TVSGIHYVIW�  1MPGL[MWWIRWGLEJX  
������i����

1EWWI]� 0� /� ����� )JJIGX SJ HMIXEV] WEPX MRXEOI SR GMVGEHMER GEPGMYQ 
QIXEFSPMWQ� FSRI XYVRSZIV� ERH GEPGMYQ S\EPEXI OMHRI] WXSRI VMWO 
MR TSWXQIRSTEYWEP [SQIR�  2YXV� 6IW�  ������i����

1IRIXSR� 4�� 0� 0EJE]� %� 8EVH� %� (YJSYV� .� -VIPERH� .� 1ÍREVH� ERH 
.� 0� :SPEXMIV� ����� (MIXEV] WSYVGIW ERH GSVVIPEXIW SJ WSHMYQ ERH 
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TSXEWWMYQ MRXEOIW MR XLI *VIRGL KIRIVEP TSTYPEXMSR�  )YV� .� 'PMR� 
2YXV�  �������i�����

2,16' �2EXMSREP ,IEPXL ERH 1IHMGEP 6IWIEVGL 'SYRGMP
� ����� (M�
IXEV] +YMHIPMRIW JSV 'LMPHVIR ERH %HSPIWGIRXW MR %YWXVEPME� %TV� 
��� ����� LXXT���[[[�RLQVG�KSZ�EY�CJMPIWCRLQVG�JMPI�TYFPMGE�
XMSRW�W]RSTWIW�R���THJ�

3RK� 0� ����� -RJPYIRGI SJ TVSFMSXMG SVKERMWQW SR TVSXISP]XMG TEXXIVR� 
VIPIEWI SJ FMSEGXMZI GSQTSYRHW ERH WIRWSV] EXXVMFYXIW SJ GLIH�
HEV GLIIWI� 4L( 8LIWMW� :MGXSVME 9RMZIVWMX]� 1IPFSYVRI� :MGXSVME� 
%YWXVEPME�

3RK� 0�� %� ,IRVMOWWSR� ERH 2� 4� 7LEL� ����� (IZIPSTQIRX SJ TVSFM�
SXMG 'LIHHEV GLIIWI GSRXEMRMRK 0EGXSFEGMPPYW EGMHSTLMPYW� 0F� GEWIM� 
0F� TEVEGEWIM ERH &MJMHSFEGXIVMYQ WTT� ERH XLI MRJPYIRGI SJ XLIWI 
FEGXIVME SR TVSXISP]XMG TEXXIVRW ERH TVSHYGXMSR SJ SVKERMG EGMH�  
-RX� (EMV] .�  ������i����

4IRRIV� 7� &�� 2� 6� '� 'EQTFIPP� %� 'LSGOEPMRKEQ� /� >EVROI� ERH 
&� :ER :PMIX� ����� (MIXEV] WSHMYQ ERH GEVHMSZEWGYPEV SYXGSQIW� 
% VEXMSREP ETTVSEGL�  'ER� .� 'EVHMSP�  ������i����

4SRW� 1�� ERH 7� 1� *MW^QER� ����� -RWXVYQIRXEP XI\XYVI TVSJMPI EREP]�
WMW [MXL TEVXMGYPEV VIJIVIRGI XS KIPPIH W]WXIQW�  .� 8I\XYVI 7XYH�  
������i����

6IHH]� /� %�� ERH )� ,� 1EVXL� ����� 6IHYGMRK XLI WSHMYQ GSRXIRX SJ 
JSSHW� % VIZMI[�  .� *SSH 4VSX�  ������i����

8EQMQI� %� =� ����� &VMRIH 'LIIWIW� 7SGMIX] SJ (EMV] 8IGLRSPSK] 
FSSO WIVMIW� &PEGO[IPP 4YFPMWLMRK� 3\JSVH� 9/�

;,3 �;SVPH ,IEPXL 3VKERM^EXMSR
� ����� 6IHYGMRK WEPX MRXEOI MR TST�
YPEXMSRW� 6ITSVX SJ E ;,3 JSVYQ ERH XIGLRMGEP QIIXMRK� LXXT���
[[[�[LS�MRX�HMIXTL]WMGEPEGXMZMX]�VIHYGMRKWEPXMRXEOIC)2�THJ�
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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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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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  ABSTRACT 

  8LI EMQ SJ XLMW WXYH] [EW XS MRZIWXMKEXI XLI IJJIGX SJ 
WYFWXMXYXMSR SJ 2E'P [MXL /'P EX HMJJIVIRX T, PIZIPW ERH 
WEPX GSRGIRXVEXMSRW SR TVSXIMREWI EGXMZMX] SJ GIPP�JVII 
I\XVEGX ERH GIPP�JVII WYTIVREXERX SJ XLI TVSFMSXMGW 0EG�
XSFEGMPPYW EGMHSTLMPYW ERH 0EGXSFEGMPPYW GEWIM� HI 1ER� 
6SKSWE� ERH 7LEVTI FVSXL EPMUYSXW [IVI QM\IH [MXL � 
TYVI WEPXW �2E'P ERH /'P
 ERH � WEPX GSRGIRXVEXMSRW 
EX � GSRGIRXVEXMSR PIZIPW �� ERH ��	
� MRSGYPEXIH [MXL 
0EGXSFEGMPPYW EGMHSTLMPYW SV 0EGXSFEGMPPYW GEWIM� ERH MR�
GYFEXIH EIVSFMGEPP] EX ���' JSV �� L� 8LI GYPXYVIW [IVI 
XLIR GIRXVMJYKIH EX ����� » K JSV �� QMR� ERH XLI GSPPIGX�
IH GIPP TIPPIXW [IVI YWIH XS TVITEVI GIPP�[EPP TVSXIMREWIW 
ERH XLI WYTIVREXERXW YWIH EW E WSYVGI SJ WYTIVREXERX 
�I\XVEGIPPYPEV
 TVSXIMREWIW� 8LI TVSXISP]XMG EGXMZMX] ERH 
TVSXIMR GSRXIRX SJ FSXL TSVXMSRW [IVI HIXIVQMRIH� %JXIV 

XS EREP]WMW SJ ERKMSXIRWMR�GSRZIVXMRK IR^]QI �%')
�
MRLMFMXSV] EGXMZMX] ERH TVSXISP]XMG EGXMZMX] YWMRK XLI 
S�TLXLEPEPHIL]HI QIXLSH� 7MKRMJMGERX HMJJIVIRGIW [IVI 
SFWIVZIH MR %')�MRLMFMXSV] ERH TVSXISP]XMG EGXMZMXMIW 
FIX[IIR WEPX WYFWXMXYXMSR XVIEXQIRXW SJ GIPP�JVII I\XVEGX 
ERH GIPP�JVII WYTIVREXERX JVSQ FSXL TVSFMSXMG WXVEMRW EX 
XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP� 
  /I] [SVHW�    WEPX WYFWXMXYXMSR �  0EGXSFEGMPPYW EGMHSTLM�
PYW �  0EGXSFEGMPPYW GEWIM �  /'P 

  INTRODUCTION 

  ,MKL WEPX �WSHMYQ GLPSVMHI
 GSRXIRX MR JSSH TVSHYGXW 
LEW IQIVKIH EW E WIVMSYW TVSFPIQ [SVPH[MHI� ,MKL WEPX 
MRXEOI MW EWWSGMEXIH [MXL SWXISTSVSWMW �,IERI]� ����
� 
OMHRI] WXSRIW �1EWWI]� ����
� ERH L]TIVXIRWMSR� ERH 
XLI PEXXIV MW HMVIGXP] VIPEXIH XS GEVHMSZEWGYPEV HMWIEWIW 
�/SXGLIR� ����� %PHIVQER� ����
� 8LI ;SVPH ,IEPXL 

3VKERM^EXMSR VIGSQQIRHW XLEX JSSH QERYJEGXYVIVW 
KVEHYEPP] VIHYGI WEPX GSRXIRX MR XLIMV TVSHYGXW �;SVPH 
,IEPXL 3VKERM^EXMSR� ����
� %QSRK HEMV] TVSHYGXW� 
GLIIWI GSRXVMFYXIW XS EFSYX �	 SJ 2E MRXEOI MR XLI 
9RMXIH /MRKHSQ �%WL ERH ;MPFI]� ����
� ���	 MR 
*VERGI �1IRIXSR IX EP�� ����
� ERH �	 MR %YWXVEPME 
�2EXMSREP ,IEPXL ERH 1IHMGEP 6IWIEVGL 'SYRGMP� ����
� 
% WMQTPI VIHYGXMSR SJ 2E'P [MXLSYX WYFWXMXYXMSR [MXL 
SXLIV WEPXW EHZIVWIP] EJJIGXW GLIIWI UYEPMX] �6IHH] ERH 
1EVXL� ����
� 7YFWXMXYXMSR SJ 2E'P [MXL /'P LEW FIIR 
YWIH WYGGIWWJYPP] XS TVIWIVZI GLIIWI UYEPMX] ERH WEJIX] 
�6IHH] ERH 1EVXL� ����
� 3YV TVIZMSYW WXYHMIW SR XLI 
IJJIGX SJ 2E'P WYFWXMXYXMSR [MXL /'P SR ZEVMSYW GLIIWI 
X]TIW� MRGPYHMRK ,EPPSYQM GLIIWI �%]]EWL ERH 7LEL� 
����� ����E
� 2EFYPWM GLIIWI �%]]EWL ERH 7LEL� ����F
� 
ERH PS[�QSMWXYVI 1S^^EVIPPE GLIIWI �%]]EWL ERH 7LEL� 
����G�H
� WLS[IH XLEX WEPX WYFWXMXYXMSR [MXL /'P EJ�
JIGXIH TVSXIMREWI EGXMZMX] SJ XLI FEGXIVMEP GYPXYVI� EW 
QIEWYVIH F] �	 TLSWTLSXYRKWXMG EGMH�WSPYFPI RMXVSKIR 
�48%�72
� GSRJMVQMRK XLEX FEGXIVMEP TVSXIMREWIW TPE] 
ER MQTSVXERX VSPI HYVMRK GLIIWI VMTIRMRK F] GSRXVMFYX�
MRK XS JPEZSV ERH XI\XYVI SJ GLIIWI �*S\� ����� 1G7[II�
RI]� ����
� -RJSVQEXMSR MW PEGOMRK SR XLI IJJIGXW SJ WEPX 
WYFWXMXYXMSR [MXL /'P SR FEGXIVMEP TVSXIMREWI EGXMZMX]� 
8LIVIJSVI� KVS[MRK GYPXYVIW MR TYVI FVSXL �SYXWMHI SJ 
GLIIWI
 XS I\EQMRI XLI IJJIGX SJ WEPX WYFWXMXYXMSRW SR 
XLIMV TVSXIMREWI EGXMZMXMIW [SYPH TVSZMHI ORS[PIHKI 
ZEPYEFPI MR JYXYVI WYFWXMXYXMSR WXYHMIW� -R E TVIZMSYW 
WXYH]� [I IZEPYEXIH XLI IJJIGXW SJ WEPX WYFWXMXYXMSR SR 
0EGXSFEGMPPYW HIPFVYIGOMM WWT� FYPKEVMGYW ERH 7XVITXSGSG�
GYW XLIVQSTLMPYW� ERH E WYFWXERXMEP PMRO FIX[IIR WEPX 
WYFWXMXYXMSR ERH TVSXIMREWI EGXMZMXMIW [EW IWXEFPMWLIH 
JSV XLIWI SVKERMWQW �%]]EWL IX EP�� ����
� 8LI EYXLSVW 
GSRGPYHIH XLEX WEPX WYFWXMXYXMSR EJJIGXIH XLI TVSXIMREWI 
EGXMZMX] SJ WXEVXIV GYPXYVIW EX IEGL T, PIZIP ERH WEPX 
GSRGIRXVEXMSR� 8LI EMQ SJ XLI GYVVIRX WXYH] [EW XS 
MRZIWXMKEXI XLI IJJIGXW SJ JYPP ERH TEVXMEP WEPX WYFWXMXY�
XMSR SR XLI TVSXIMREWI EGXMZMXMIW SJ GIPP�JVII I\XVEGX ERH 
WYTIVREXERX JVSQ � TVSFMSXMG GYPXYVIWh0EGXSFEGMPPYW 
EGMHSTLMPYW ERH 0EGXSFEGMPPYW GEWIMhEX HMJJIVIRX T, 
PIZIPW ERH WEPX GSRGIRXVEXMSRW� ERH SR TVSHYGXMSR SJ 

  The effect of NaCl substitution with KCl on proteinase activities of cell-free 
extract and cell-free supernatant at different pH levels and salt 
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ERKMSXIRWMR�GSRZIVXMRK IR^]QI �%')
�MRLMFMXSV] TIT�
XMHIW EJXIV MRGYFEXMSR [MXL MRHMZMHYEP QMPO GEWIMRW EX 
HMJJIVIRX T, PIZIPW ERH WEPX GSRGIRXVEXMSRW�

MATERIALS AND METHODS

Bacterial Cultivation

0EGXSFEGMPPYW EGMHSTLMPYW ���� ERH 0EGXSFEGMPPYW GEWIM 
��� [IVI SFXEMRIH JVSQ XLI :MGXSVME 9RMZIVWMX] 'YPXYVI 
'SPPIGXMSR �;IVVMFII� :MGXSVME� %YWXVEPME
 EW GYPXYVIW 
JVS^IR EX n���'� %JXIV XLE[MRK XLI JVS^IR WXSGO� XLI 
GYPXYVIW [IVI EGXMZEXIH F] XVERWJIVVMRK PSSTJYPW XS HI 
1ER� 6SKSWE� ERH 7LEVTI �167
 FVSXL �1IVGO 4X]� 
0XH�� :MGXSVME� %YWXVEPME
 ERH MRGYFEXMRK EIVSFMGEPP] EX 
���' JSV �� L� 8LVII WYFWIUYIRX GYPXYVIW [IVI GEVVMIH 
SYX FIJSVI WXEVXMRK XLI I\TIVMQIRX�

Experiment Design

8LI I\TIVMQIRXEP HIWMKR SJ XLMW WXYH] MW MPPYWXVEXIH 
MR *MKYVI �� &VMIJP]� 0� EGMHSTLMPYW ERH 0� GEWIM [IVI 
GYPXYVIH� WITEVEXIP]� MR T,�QSHMJMIH 167 FVSXL EX T, 
���� ���� ERH ��� [MXLSYX WEPX EHHMXMSR �GSRXVSP
� *SV 
XLI WEPX XVIEXQIRXW� 167 [EW QM\IH [MXL � WEPX XVIEX�
QIRXW� 2E'P SRP]� � 2E'P�� /'P� � 2E'P�� /'P� ERH 
/'P SRP]� MRHMZMHYEPP] EX � WEPX GSRGIRXVEXMSRW �� ERH 
��	� [X�ZSP
� )EGL WEPX XVIEXQIRX FEXGL [EW HMZMHIH 
MRXS � IUYEP TSVXMSRW XS EHNYWX XLI T, XS ���� ���� ERH 
���� 8LI 167 WEQTPIW XLYW TVITEVIH [IVI WXIVMPM^IH 

ERH EWITXMGEPP] HMWXVMFYXIH MRXS ���Q0 XYFIW ERH MRSGY�
PEXIH F] �	 GYPXYVI� WITEVEXIP]� 8LI MRSGYPEXIH XYFIW 
[IVI MRGYFEXIH EIVSFMGEPP] EX ���' JSV �� L JSPPS[IH 
F] GIRXVMJYKEXMSR EX ����� » K JSV �� QMR EX ��'� 8LI 
GPIEV GIPP�JVII WYTIVREXERX �'*7
 JVSQ IEGL XYFI [EW 
GSPPIGXIH ERH WXSVIH MRHMZMHYEPP] EX n���' YRXMP YWIH 
JSV EWWE]W� 8LI GIPP TIPPIXW JVSQ IEGL XYFI [IVI [EWLIH 
[MXL 4&7 ���� Q1 WSHMYQ GLPSVMHI� �� Q1 WSHMYQ 
TLSWTLEXI� T, ���
� ERH VIWYWTIRHIH MR � Q0 SJ 4&7 
GSRXEMRMRK ��	 KP]GIVSP ERH OITX EX n���' YRXMP RIIHIH 
JSV EWWE]W� 8S TVITEVI GIPP�JVII I\XVEGX �'*)
� XLI JVS�
^IR GIPP TIPPIXW [IVI XLE[IH ERH QM\IH [MXL ��� �0 SJ 
'IPP]XMG & ��» �7MKQE� 7X� 0SYMW� 13
 XS VYTXYVI XLI 
GIPP [EPPW ERH I\XVEGX XLI GIPP GSRXIRXW� %GGSVHMRK XS XLI 
QERYJEGXYVIV� 'IPP]XMG & HSIW RSX EJJIGX XLI EGXMZMX] SJ 
I\XVEGXIH TVSXIMRW SV MRXIVJIVI MR JYVXLIV I\TIVMQIRXW� 
8LI QM\XYVI [EW OITX EX ��' JSV �� QMR JSPPS[IH F] 
GIRXVMJYKEXMSR EX ����� » K� 8LI GSPPIGXIH WYTIVREXERX 
[EW GSRWMHIVIH EW XLI GIPP�JVII I\XVEGX GSRXEMRMRK XLI 
GIPP�[EPP TVSXIMREWIW� %PP I\TIVMQIRXW [IVI GSRHYGXIH 
MR XVMTPMGEXI�

Protein Content

8LI TVSXIMR GSRXIRXW SJ '*) ERH '*7 [IVI HIXIV�
QMRIH YWMRK &VEHJSVH VIEKIRX ERH E ���[IPP TPEXI EWWE] 
TVSXSGSP EGGSVHMRK XS XLI QERYJEGXYVIVtW MRWXVYGXMSRW 
�7MKQE�%PHVMGL� ����
� &VMIJP]� � �0 SJ IEGL WEQTPI 
�'*) SV '*7
 [EW TPEGIH MR E [IPP SJ XLI ���[IPP TPEXI 
�'IPPWXEV� +VIMRIV &MS�3RI� 1SRVSI� 2'
 JSPPS[IH F] 

*MKYVI �� 8LI I\TIVMQIRXEP HIWMKR SJ 0EGXSFEGMPPYW EGMHSTLMPYW ERH 0EGXSFEGMPPYW GEWIM GYPXYVI EX � T, PIZIPW ����� ���� ERH ���
� � WEPX GSR�
GIRXVEXMSRW �� ERH ��	
� ERH � WEPX XVIEXQIRXW� 'SRXVSP ! RS WEPX EHHMXMSR� ����
 ! � 2E'P�� /'P� ����
 ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P 
! 2E'P SRP]�
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��� �0 SJ &VEHJSVH VIEKIRX �7MKQE
� 8LI ���[IPP TPEXI 
[EW WLEOIR JSV �� W JSPPS[IH F] MRGYFEXMSR EX VSSQ 
XIQTIVEXYVI JSV �� QMR� %FWSVFERGI [EW QIEWYVIH EX 
��� RQ YWMRK E QMGVSTPEXI EFWSVFERGI VIEHIV �M1EVO� 
&MS�6EH 0EFSVEXSVMIW 4X]�� :MGXSVME� %YWXVEPME
� %R 
I\XIVREP TVSXIMR WXERHEVH GYVZI VERKMRK JVSQ ��� XS ��� 
QK�Q0 [EW TVITEVIH YWMRK E &7% WXERHEVH �7MKQE
�

Proteinase Activity Assay

8LI TVSXIMREWI EGXMZMX] SJ XLI '*) ERH '*7 [EW 
EWWE]IH EGGSVHMRK XS 7LMR IX EP� �����
 YWMRK XLI GLVS�
QSKIRMG WYFWXVEXI E^SGEWIMR� 3RI LYRHVIH QMGVSPMXIVW 
SJ WTIGMQIR [EW QM\IH [MXL ��� �0 SJ �	 �[X�ZSP
 
E^SGEWIMR WSPYXMSR TVITEVIH MR �� Q1 WSHMYQ TLSW�
TLEXI FYJJIV �T, ���
 JSPPS[IH F] MRGYFEXMSR EX ���' 
JSV �� L� EW XLI IR^]QI EGXMZMX] [EW PMRIEV SZIV E ���L 
EWWE]� %JXIV[EVH� XLI VIEGXMSR [EW XIVQMREXIH F] XLI 
EHHMXMSR SJ ��� �0 SJ ��	 �[X�ZSP
 8'% WSPYXMSR ERH 
QM\IH XLSVSYKLP]� %JXIV �� QMR EX VSSQ XIQTIVEXYVI 
����'
� XLI QM\XYVI [EW GIRXVMJYKIH EX ������ » K JSV � 
QMR EX ��'� 8LI WYTIVREXERX ���� �0
 [EW QM\IH [MXL 
��� �0 SJ ��� 1 2E3,� ERH EFWSVFERGI [EW QIEWYVIH 
EX ��� RQ EKEMRWX E FPERO [MXLSYX WEQTPI� 3RI YRMX 
SJ TVSXIMREWI EGXMZMX] [EW HIJMRIH EW XLI EQSYRX SJ XLI 
IR^]QI XLEX VIWYPXIH MR ER MRGVIEWI SJ ���� EFWSVFERGI 
YRMX TIV LSYV EX ��� RQ�

Casein Hydrolysis

%R EPMUYSX ���� �0
 SJ '*) SV '*7 [EW MRGYFEXIH 

SJ �� Q1 TLSWTLEXI FYJJIV� T, ���
 MRHMZMHYEPP] ERH 
MRGYFEXIH EX ���' JSV �� L� 8LIR� XLI WEQTPIW [IVI MQ�
QIVWIH JSV � QMR MRXS MGI XS QMRMQM^I TVSXIMREWI EGXMZ�
MX]� JSPPS[IH F] GIRXVMJYKEXMSR EX ������ » K JSV � QMR 
EX ��'� 8[S ����0 EPMUYSXW [IVI YWIH JSV WYFWIUYIRX 
HIXIVQMREXMSR SJ TVSXISP]XMG EGXMZMX] F] S�TLXLEPEPHI�
L]HI �34%
 VIEKIRX ERH %')�MRLMFMXSV] EGXMZMX]�

OPA Assay

8LI 34% EWWE] [EW TIVJSVQIH EGGSVHMRK XS 'LYVGL 
IX EP� �����
� &VMIJP]� �� �0 SJ XLI GEWIMR L]HVSP]WMW 
WYTIVREXERX [EW TPEGIH MRXS E ����Q0 GYZIXXI ERH 
QM\IH [MXL � Q0 SJ 34% VIEKIRX ?TVITEVIH MR E ���
Q0 ZSPYQIXVMG JPEWO F] HMWWSPZMRK �� Q0 SJ ��� Q1 
HMWSHMYQ XIXVEFSVEXI �1IVGO 4X]� 0XH�
� ��� Q0 SJ ��	 
�[X�[X
 7(7 �1IVGO 4X]� 0XH�
� �� QK SJ 34% �7MKQE
 
MR � Q0 SJ QIXLERSP �1IVGO 4X]� 0XH�
� ERH ��� �0 SJ 

ZSPYQI XS �� Q0 [MXL 1MPPM�5 [EXIV �1MPPMTSVI� &MPP�
IVMGE� 1%
A� 8LI GYZIXXI [EW MRZIVXIH X[MGI ERH OITX EX 
VSSQ XIQTIVEXYVI ����'
 JSV � QMR FIJSVI VIEHMRK XLI 

EFWSVFERGI EX ��� RQ YWMRK E 9:�:-7 WTIGXVSTLSXSQ�
IXIV ?7LMQEH^Y 7GMIRXMJMG -RWXVYQIRXW �3GIERME
 4X]� 
0XH�� 6]HEPQIVI� 2I[ 7SYXL ;EPIW� %YWXVEPMEA�

ACE-Inhibitory Activity

8LI %')�MRLMFMXSV] EGXMZMX] [EW QIEWYVIH EGGSVHMRK 
XS %]]EWL ERH 7LEL �����H
 YWMRK ER ,40' QIXLSH� 
%RKMSXIRWMR�GSRZIVXMRK IR^]QI ERH LMTTYV]P�LMWXMH]P�
PIYGMRI [IVI TYVGLEWIH JVSQ 7MKQE ERH TVITEVIH MR 
8VMW FYJJIV ��� Q1� T, ���
 GSRXEMRMRK ��� Q1 2E'P� 
% QM\XYVI GSRWMWXMRK SJ �� �0 SJ ��� Q1 LMTTYV]P�
LMWXMH]P�PIYGMRI� �� �0 SJ ���� Q9�Q0 SJ %') �JVSQ 
VEFFMX PYRK
� ERH �� �0 SJ TVI�L]HVSP]^IH GEWIMR WY�
TIVREXERX [EW TPEGIH MR E KPEWW XYFI� 8LI QM\XYVI [EW 
MRGYFEXIH JSV �� QMR EX ���' MR E [EXIV FEXL [MXLSYX 
QM\MRK� JSPPS[IH F] ER EHHMXMSREP �� QMR EJXIV QM\�
MRK� +PEGMEP EGIXMG EGMH ���� �0
 [EW EHHIH XS WXST XLI 
%') EGXMZMX]� 8LI VIEGXMSR QM\XYVI [EW OITX EX n���' 
JSV JYVXLIV EREP]WMW F] ,40'� 8LI LMTTYVMG EGMH �,%
 
VIWYPXMRK JVSQ XLI TVIZMSYW VIEGXMSR [EW HIXIVQMRIH F] 
,40'� %R I\XIVREP WXERHEVH GYVZI SJ ,% [EW TVITEVIH 
XS UYERXMJ] XLI VIWYPXERX ,% MR WEQTPIW� %R EPMUYSX ��� 
�0
 SJ XLI QM\XYVI [EW MRNIGXIH SRXS XLI ,40' W]WXIQ 
GSRWMWXMRK SJ E :EVMER ���� WSPZIRX HIPMZIV] W]WXIQ� E 
:EVMER ���� EYXS�WEQTPIV� E :EVMER ���� ZEVMEFPI [EZI�
PIRKXL 9:�ZMWMFPI XYREFPI EFWSVFERGI HIXIGXSV� ERH E 
��� HEXE QSHYPI �:EVMER -RG�� 7ERXE 'PEVE� '%
� 8LI 
W]WXIQ [EW JMXXIH [MXL E 0YRE GSPYQR �'��� ��� QQ » 
��� QQ� � �Q� 4LIRSQIRI\ %YWXVEPME 4X]� 0XH�� 2I[ 
7SYXL ;EPIW� %YWXVEPME
 [MXL E KYEVH GSPYQR �'�� � » 
��� QQ� 4LIRSQIRI\
� 8LI WITEVEXMSR [EW GSRHYGXIH 
EX VSSQ XIQTIVEXYVI �b���'
 EX E JPS[ VEXI SJ ��� Q0�
QMR� 8LI QSFMPI TLEWI [EW ER MWSGVEXMG W]WXIQ GSRWMWX�
MRK SJ ����	 �ZSP�ZSP
 EGIXSRMXVMPI �1IVGO
 MR 1MPPM5 
[EXIV �1MPPMTSVI
� ERH XLI T, [EW EHNYWXIH XS T, ��� 
YWMRK KPEGMEP EGIXMG EGMH� 8LI HIXIGXMSR HIZMGI [EW ER 
9:�ZMWMFPI HIXIGXSV WIX EX ��� RQ� 8LI GSRXVSP VIEG�
XMSR QM\XYVI GSRXEMRIH �� �0 SJ FYJJIV WSPYXMSR MRWXIEH 
SJ XLI EWWE] WEQTPI ERH [EW I\TIGXIH XS PMFIVEXI XLI 
QE\MQYQ EQSYRX SJ ,% JVSQ XLI WYFWXVEXI HYI XS 
YRMRLMFMXIH %') EGXMZMX]� 8LI TIVGIRXEKI MRLMFMXMSR SJ 
IR^]QI EGXMZMX] [EW GEPGYPEXIH EW JSPPS[W�

 -RLMFMXMSR
,% �GSRXVSP
 ,% �WEQTPI


,% �GSRXVSP

!

n
»���	�

Statistical Analysis

3RI�[E] %23:% [EW TIVJSVQIH XS MRZIWXMKEXI XLI 
IJJIGX SJ WEPX XVIEXQIRX SR TVSXIMREWI EGXMZMX] SJ '*) 
ERH '*7 EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP� 
*MWLIVtW XIWX �PIEWX WMKRMJMGERX HMJJIVIRGI
 [EW YWIH XS 
I\EQMRI XLI HMJJIVIRGI FIX[IIR WEPX XVIEXQIRX QIERW EX 
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XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP� %W E JEGXSVMEP 
HIWMKR� ��[E] ERH ��[E] %23:% [IVI TIVJSVQIH XS 
MRZIWXMKEXI XLI IJJIGX SJ MRXIVEGXMSRW SJ WEPX XVIEXQIRX » 
T,� WEPX XVIEXQIRX » WEPX GSRGIRXVEXMSR� WEPX GSRGIRXVE�
XMSR » T,� ERH WEPX XVIEXQIRX » WEPX GSRGIRXVEXMSR » 
T,�

RESULTS AND DISCUSSION

Azocasein and Protein Content

8LI IJJIGX SJ 2E'P WYFWXMXYXMSR [MXL /'P SR XLI 
TVSXISP]XMG EGXMZMX] ERH TVSXIMR GSRXIRX SJ '*) ERH 

'*7 JVSQ 0� EGMHSTLMPYW ���� ERH 0� GEWIM ��� SFXEMRIH 
EX HMJJIVIRX T, ERH WEPX GSRGIRXVEXMSRW EVI WLS[R MR 
8EFPIW �� �� �� ERH ��

%X E WEPX GSRGIRXVEXMSR SJ ��	 ERH XLI WEQI T, 
PIZIP� TVSXISP]XMG EGXMZMX] SJ 0� EGMHSTLMPYW '*) ERH 
'*7 HMJJIVIH MRWMKRMJMGERXP] �4 " ����
 FIX[IIR WEPX 
XVIEXQIRXW� I\GITX JSV '*7 EX T, ��� �8EFPI �
� ,S[�
IZIV� XLI HMJJIVIRGIW [IVI WMKRMJMGERX �4   ����
 EX �	 
WEPX ERH XLI WEQI T, PIZIP �8EFPI �
� 8LMW MQTPMIW XLEX 
WEPX GSRGIRXVEXMSR EJJIGXIH XLI TVSXIMREWI EGXMZMX] SJ 
FSXL '*) ERH '*7 SJ 0� EGMHSTLMPYW� 8LI E^SGEWIMR 
EFWSVFERGI ZEPYIW SJ '*7 SJ 0� EGMHSTLMPYW EX FSXL 

8EFPI �� 4VSXIMR GSRXIRX �QK�Q0
 ERH TVSXIMREWI EGXMZMX] F] E^SGEWIMR ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX SJ 0EGXSFEGMPPYW 
EGMHSTLMPYW ���� KVS[R MR HI 1ER� 6SKSWE� ERH 7LEVTI FVSXL JSV �� L EX ���' EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� ERH �	 WEPX GSRGIRXVEXMSR�

T, 7EPXMRK�

%^SGEWIMR ���� RQ
 4VSXIMR GSRXIRX �QK�Q0


'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX 'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����E ���� � ����F ���� � ����E ���� � ����E

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 /'P ���� � ����E ���� � ����F ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����F ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����F ���� � ����E ���� � ����F ���� � ����E

 ��� ���� � ����F ���� � ����E ���� � ����EF ���� � ����E

 ��� ���� � ����F ���� � ����E ���� � ����EF ���� � ����E

 /'P ���� � ����E ���� � ����F ���� � ����EF ���� � ����E

 2E'P ���� � ����F ���� � ����F ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����EF ���� � ����EF ���� � ����E ���� � ����E

 ��� ���� � ����G ���� � ����E ���� � ����E ���� � ����E

 ��� ���� � ����F ���� � ����EF ���� � ����E ���� � ����E

 /'P ���� � ����H ���� � ����G ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����FG ���� � ����E ���� � ����E

EiG1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�

8EFPI �� 4VSXIMR GSRXIRX �QK�Q0
 ERH TVSXIMREWI EGXMZMX] F] E^SGEWIMR ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX SJ 0EGXSFEGMPPYW 
EGMHSTLMPYW ���� KVS[R MR HI 1ER� 6SKSWE� ERH 7LEVTI FVSXL JSV �� L EX ���' EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� ERH ��	 WEPX GSRGIRXVEXMSR�

T, 7EPXMRK�

%^SGEWIMR ���� RQ
 4VSXIMR GSRXIRX �QK�Q0


'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX 'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����E ���� � ����F ���� � ����EF ���� � ����E

 ��� ���� � ����E ���� � ����EF ���� � ����F ���� � ����E

 ��� ���� � ����E ���� � ����EF ���� � ����E ���� � ����E

 /'P ���� � ����E ���� � ����F ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����F ���� � ����E

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����F ���� � ����F

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����F

 ��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����E ���� � ����E ���� � ����F

E�F1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�
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WEPX GSRGIRXVEXMSRW [IVI PS[IV GSQTEVIH [MXL XLSWI SJ 
0EGXSFEGMPPYW HIPFVYIGOMM WWT� FYPKEVMGYW ����� �%]]EWL 
IX EP�� ����
�

;I SFWIVZIH WMKRMJMGERX �4   ����
 HMJJIVIRGIW MR TVS�
XIMR GSRXIRX SJ 0� EGMHSTLMPYW '*) ERH '*7 FIX[IIR 
WEPX XVIEXQIRXW EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, 
PIZIP �8EFPIW � ERH �
� I\GITX JSV TVSXIMR GSRXIRX SJ 
'*7 EX �	 WEPX �8EFPI �
� -X [EW GPIEV XLEX WEPX XVIEX�
QIRX ERH WEPX GSRGIRXVEXMSR WMKRMJMGERXP] EJJIGXIH TVS�
XIMR GSRXIRX� LS[IZIV� JYVXLIV MRZIWXMKEXMSR MW RIIHIH XS 
GSRJMVQ XLIWI JMRHMRKW�

7MQMPEV XVIRHW [IVI SFWIVZIH JSV TVSXISP]XMG EGXMZ�
MX] ERH TVSXIMR GSRXIRX SJ '*) ERH '*7 SJ 0� GEWIM 
�8EFPIW � ERH �
� 7MKRMJMGERX �4   ����
 HMJJIVIRGIW 
[IVI SFWIVZIH MR TVSXISP]XMG EGXMZMX] SJ '*) ERH '*7 
SJ 0� GEWIM FIX[IIR WEPX XVIEXQIRXW EX XLI WEQI WEPX 
GSRGIRXVEXMSR ERH T, PIZIP� 8LYW� WYFWXMXYXMSR SJ 2E'P 
[MXL /'P WMKRMJMGERXP] EJJIGXIH XLI TVSXISP]XMG EGXMZ�
MX] SJ FSXL IR^]QIW SFXEMRIH JVSQ '*) ERH '*7� ;I 
L]TSXLIWM^I XLEX WEPX XVIEXQIRX QMKLX EJJIGX XLI EGXMZ�
MX] SJ TVSXIMREWIW SV IR^]QI TVSHYGXMSR F] 0� GEWIM� 
%VQIRXIVSW IX EP� �����
 VITSVXIH XLEX XLI TVIWIRGI SJ 

8EFPI �� 4VSXIMR GSRXIRX �QK�Q0
 ERH TVSXIMREWI EGXMZMX] F] E^SGEWIMR ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX SJ 0EGXSFEGMPPYW 
GEWIM ��� KVS[XL MR HI 1ER� 6SKSWE� ERH 7LEVTI FVSXL JSV �� L EX ���' EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� ERH �	 WEPX GSRGIRXVEXMSR� 

T, 7EPXMRK�

%^SGEWIMR ���� RQ
 4VSXIMR GSRXIRX �QK�Q0


'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX 'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����E

��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

��� ���� � ����E ���� � ����E ���� � ����E ���� � ����E

/'P ���� � ����E ���� � ����E ���� � ����F ���� � ����E

2E'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����F ���� � ����E ���� � ����F ���� � ����E

��� ���� � ����EF ���� � ����F ���� � ����E ���� � ����F

��� ���� � ����E ���� � ����F ���� � ����E ���� � ����F

/'P ���� � ����E ���� � ����F ���� � ����E ���� � ����E

2E'P ���� � ����EF ���� � ����F ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����EF ���� � ����E ���� � ����E ���� � ����E

��� ���� � ����EF ���� � ����F ���� � ����E ���� � ����G

��� ���� � ����EF ���� � ����FG ���� � ����E ���� � ����G

/'P ���� � ����F ���� � ����H ���� � ����E ���� � ����EF

2E'P ���� � ����E ���� � ����GH ���� � ����E ���� � ����FG

EiH1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�

8EFPI �� 4VSXIMR GSRXIRX �QK�Q0
 ERH TVSXIMREWI EGXMZMX] F] E^SGEWIMR ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX SJ 0EGXSFEGMPPYW 
GEWIM ��� KVS[XL MR HI 1ER� 6SKSWE� ERH 7LEVTI FVSXL JSV �� L EX ���' EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� ERH ��	 WEPX GSRGIRXVEXMSR� 

T, 7EPXMRK�
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 ��� ���� � ����F ���� � ����F ���� � ����E ���� � ����EF

 /'P ���� � ����E ���� � ����F ���� � ����E ���� � ����F

 2E'P ���� � ����F ���� � ����F ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����F ���� � ����E

 ��� ���� � ����E ���� � ����G ���� � ����E ���� � ����F

 ��� ���� � ����E ���� � ����H ���� � ����E ���� � ����EF

 /'P ���� � ����E ���� � ����H ���� � ����E ���� � ����EF

 2E'P ���� � ����E ���� � ����F ���� � ����E ���� � ����EF

EiH1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�
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/'P EGXMZEXIH WSQI EQMRSTITXMHEWIW ERH MREGXMZEXIH 
SXLIVW MR QIEX TVSHYGXW�

8LI E^SGEWIMR EFWSVFERGI ZEPYIW SJ '*7 [IVI RY�
QIVMGEPP] LMKLIV XLER XLSWI SJ '*) EX XLI WEQI WEPX 
GSRGIRXVEXMSR� WEPX XVIEXQIRX� ERH T, PIZIP �8EFPIW � 
ERH �
� 8LMW WYKKIWXW XLEX '*7 QE] LEZI E KVIEXIV 
RYQFIV SJ WTIGMJMG TVSXIMREWIW EGXMRK SR XLI E^SGEWIMR 
WYFWXVEXI GSQTEVIH [MXL '*)�

8LI TVSXIMR GSRXIRX SJ '*) ERH '*7 SJ 0� GEWIM 
WLS[IH WMKRMJMGERX �4   ����
 HMJJIVIRGIW FIX[IIR WEPX 
XVIEXQIRXW EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP 
�8EFPIW � ERH �
� %W I\TIGXIH� XLI TVSXIMR GSRXIRXW 
SJ '*) [IVI LMKLIV GSQTEVIH [MXL XLI '*7 SJ 0� 
GEWIM� 8LI QIGLERMWQ SJ XLI IJJIGX SJ WEPX XVIEXQIRX 
SR TVSXIMR GSRXIRX RIIHW QSVI MRZIWXMKEXMSR XS I\TPSVI 
[LIXLIV XLEX IJJIGX SGGYVVIH FIGEYWI SJ WEPX XVIEXQIRX 
SV SXLIV JEGXSVW�

OPA Activity of Casein Hydrolysis

8LI 34% EFWSVFERGI ZEPYIW SJ XLI '*) ERH '*7 
SJ 0� EGMHSTLMPYW [MXL MRHMZMHYEP QMPO GEWIMRW EX ���' 
JSV �� L EVI TVIWIRXIH MR 8EFPIW � ERH �� ;I SFWIVZIH 
WMKRMJMGERX �4   ����
 HMJJIVIRGIW MR 34% EFWSVFERGI 
ZEPYIW SJ '*) ERH '*7 JVSQ 0� EGMHSTLMPYW FIX[IIR 
WEPX XVIEXQIRXW EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, 
PIZIP� 8LMW WYKKIWXW XLEX WYFWXMXYXMSR SJ 2E'P [MXL /'P 
WMKRMJMGERXP] EJJIGXIH XLI TVSXIMREWIW SJ FSXL GIPP [EPP 
ERH WYTIVREXERX� 8LMW VIWYPX MW MR EKVIIQIRX [MXL %V�
QIRXIVSW IX EP� �����
� [LS VITSVXIH XLEX /'P EGXMZEXIH 
WSQI EQMRSTITXMHEWIW ERH MREGXMZEXIH SXLIVW�

8EFPIW � ERH � WLS[ XLEX� EX XLI WEQI T, PIZIP ERH 
WEPX XVIEXQIRX� XLI 34% EFWSVFERGI ZEPYIW SJ '*) SF�

XEMRIH EX �	 WEPX ERH MRGYFEXIH [MXL QMPO GEWIMRW [IVI 
LMKLIV �4   ����
 GSQTEVIH [MXL XLSWI EX ��	 WEPX� 
8LMW MQTPMIW XLEX XLI TVSXIMREWI EGXMZMXMIW �IWTIGMEPP] 
EQMRSTITXMHEWIW
 SJ 0� EGMHSTLMPYW [IVI WMKRMJMGERXP] 
�4   ����
 EJJIGXIH F] WEPX GSRGIRXVEXMSR �� ERH ��	
� 
[LMGL MR XYVR EJJIGXIH XLI JVII %% TVSHYGIH F] XLIWI 
IR^]QIW�

8LI 34% EFWSVFERGI ZEPYIW SJ '*7 [IVI WMKRMJM�
GERXP] �4   ����
 LMKLIV [MXL EPP QMPO GEWIMRW XLER 
XLSWI SJ '*) �8EFPIW � ERH �
� 8LMW QE] FI EXXVMFYXIH 
XS � JEGXSVW� XLI VIWMHYEP %% MR XLI WYTIVREXERX EJXIV 
0� EGMHSTLMPYW TVSTEKEXMSR QE] MRXIVJIVI [MXL XLI 34% 
VIEHMRKW� ERH XLI TVSXIEWIW SJ '*7 QE] LEZI KVIEXIV 
WTIGMJMGMX] XS[EVH QMPO GEWIMRW GSQTEVIH [MXL '*) 
TVSXIMREWIW� 8LMW GSYPH I\TPEMR XLI LMKLIV JVII %% TVS�
HYGIH EJXIV MRGYFEXMSR [MXL '*7 GSQTEVIH [MXL '*)�

7MQMPEV XVIRHW [IVI SFWIVZIH JSV 34% EFWSVFERGI 
ZEPYIW SJ 0� GEWIM �8EFPIW � ERH �
 GSQTEVIH [MXL 0� 
EGMHSTLMPYW �8EFPIW � ERH �
� 7EPX XVIEXQIRX WMKRMJMGERXP] 
�4   ����
 EJJIGXIH XLI 34% VIEHMRKW SJ '*) ERH '*7 
EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP �8EFPIW � 
ERH �
� 8LI GSRXVSP XVIEXQIRX �[MXLSYX WEPX
 EX XLI WEQI 
T, PIZIP [MXL EPP GEWIMRW LEH LMKLIV 34% EFWSVFERGI 
GSQTEVIH [MXL SXLIV XVIEXQIRXW�� MQTP]MRK XLEX XLI TVS�
XISP]XMG EGXMZMXMIW SJ XLI TVSXIMREWIW SFXEMRIH JVSQ '*) 
[IVI WMKRMJMGERXP] EJJIGXIH F] WEPX GSRGIRXVEXMSR�

8LI 34% EFWSVFERGI ZEPYIW SJ '*7 [MXL EPP QMPO 
GEWIMRW [IVI WMKRMJMGERXP] �4   ����
 LMKLIV XLER XLSWI 
SJ '*) EX XLI WEQI WEPX GSRGIRXVEXMSR� WEPX XVIEXQIRX� 
ERH T, PIZIP �8EFPIW � ERH �
� *YVXLIVQSVI� XLI 34% 
VIEHMRKW SJ '*) SFXEMRIH EX ��	 WEPX [IVI PS[IV �4   
����
 GSQTEVIH [MXL XLSWI SFXEMRIH EX �	 WEPX �8EFPIW 
� ERH �
�

8EFPI �� S�4LXLEPEPHIL]HI VIEHMRKW ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX �SFXEMRIH EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� 
ERH �	 WEPX GSRGIRXVEXMSR
 SJ 0EGXSFEGMPPYW EGMHSTLMPYW ���� MRGYFEXIH [MXL � QMPO GEWIMRW MRHMZMHYEPP] JSV �� L EX ���'� 

T, 7EPXMRK�

'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����EF ���� � ����F ���� � ����F ���� � ����G ���� � ����F ���� � ����E

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����E ���� � ����G ���� � ����E

 ��� ���� � ����F ���� � ����G ���� � ����F ���� � ����FG ���� � ����E ���� � ����E

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����EF ���� � ����EF ���� � ����E

 2E'P ���� � ����F ���� � ����H ���� � ����F ���� � ����EF ���� � ����E ���� � ����E

��� 'SRXVSP ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����G

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����E ���� � ����G ���� � ����F

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����E ���� � ����G ���� � ����F

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����G ���� � ����E ���� � ����G

 ��� ���� � ����F ���� � ����G ���� � ����H ���� � ����F ���� � ����F ���� � ����F

 ��� ���� � ����F ���� � ����G ���� � ����H ���� � ����E ���� � ����F ���� � ����F

 /'P ���� � ����EF ���� � ����E ���� � ����F ���� � ����EF ���� � ����E ���� � ����E

 2E'P ���� � ����EF ���� � ����F ���� � ����G ���� � ����F ���� � ����E ���� � ����F

EiH1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�
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8LI %')�MRLMFMXSV] EGXMZMX] SJ TITXMHIW VIPIEWIH 
EJXIV ���L MRGYFEXMSR SJ '*) ERH '*7 SJ 0� EGMHSTLM�
PYW �SFXEMRIH JVSQ HMJJIVIRX WEPX GSRGIRXVEXMSRW� T,� 

8LI PIEWX WMKRMJMGERX HMJJIVIRGI XIWX WLS[IH E WMKRMJM�
GERX �4   ����
 HMJJIVIRGI MR %')�MRLMFMXSV] EGXMZMX] 
SJ FSXL '*) ERH '*7 SJ 0� EGMHSTLMPYW FIX[IIR WEPX 
XVIEXQIRXW EX XLI WEQI WEPX GSRGIRXVEXMSR ERH T, PIZIP 
[MXL EPP QMPO GEWIMRW� 8LMW WYKKIWXW XLEX WYFWXMXYXMSR 

SJ 2E'P [MXL /'P QE] LEZI EJJIGXIH XLI EGXMZMX] SJ 
TVSXIMREWIW SJ '*) ERH '*7� [LMGL MR XYVR EJJIGXIH 
XLI %')�MRLMFMXSV] TITXMHIW UYERXMXEXMZIP] ERH UYEPM�
XEXMZIP]� %PXLSYKL GLERKMRK XLI T, PIZIP WMKRMJMGERXP] 
EJJIGXIH %')�MRLMFMXSV] EGXMZMX] EX XLI WEQI WEPX 
GSRGIRXVEXMSR ERH WEPX XVIEXQIRX� MX [EW MRGSRWMWXIRX� 
'LERKMRK WEPX GSRGIRXVEXMSR WLS[IH E RSRWMKRMJMGERX �4 
" ����
 IJJIGX SR %')�MRLMFMXSV] EGXMZMX] SJ FSXL '*) 
ERH '*7 SJ 0� EGMHSTLMPYW [MXL EPP GEWIMRW EX XLI WEQI 
T, PIZIP ERH WEPX XVIEXQIRX �8EFPIW � ERH ��
�

8EFPIW � ERH �� WLS[ XLEX %')�MRLMFMXSV] EGXMZMX] 
SJ '*) SJ 0� EGMHSTLMPYW [MXL EPP QMPO GEWIMRW [IVI RY�

8EFPI �� S�4LXLEPEPHIL]HI VIEHMRKW ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX �SFXEMRIH EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� 
ERH ��	 WEPX GSRGIRXVEXMSR
 SJ 0EGXSFEGMPPYW EGMHSTLMPYW ���� MRGYFEXIH [MXL � QMPO GEWIMRW MRHMZMHYEPP] JSV �� L EX ���'� 

T, 7EPXMRK�

'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����F ���� � ����F ���� � ����G

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����FG

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����EF ���� � ����F ���� � ����G

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����EF ���� � ����F ���� � ����FG

 ��� ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����F ���� � ����F ���� � ����F ���� � ����EF ���� � ����F ���� � ����FG

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����G ���� � ����F ���� � ����H

 ��� ���� � ����F ���� � ����I ���� � ����G ���� � ����F ���� � ����F ���� � ����EF

 ��� ���� � ����F ���� � ����H ���� � ����H ���� � ����FG ���� � ����F ���� � ����FG

 /'P ���� � ����E ���� � ����F ���� � ����F ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����F ���� � ����G ���� � ����H ���� � ����F ���� � ����F ���� � ����G

EiI1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�

8EFPI �� S�4LXLEPEPHIL]HI VIEHMRKW ���� RQ
 SJ GIPP�JVII I\XVEGX ERH GIPP�JVII WYTIVREXERX �SFXEMRIH EX � T, PIZIPW� HMJJIVIRX WEPX XVIEXQIRXW� 
ERH �	 WEPX GSRGIRXVEXMSR
 SJ 0EGXSFEGMPPYW GEWIM ��� MRGYFEXIH [MXL � QMPO GEWIMRW MRHMZMHYEPP] JSV �� L EX ���'� 

T, 7EPXMRK�

'IPP�JVII I\XVEGX 'IPP�JVII WYTIVREXERX

��� 'SRXVSP ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����FG

 ��� ���� � ����E ���� � ����EF ���� � ����F ���� � ����F ���� � ����F ���� � ����G

 ��� ���� � ����E ���� � ����EF ���� � ����F ���� � ����F ���� � ����E ���� � ����FG

 /'P ���� � ����E ���� � ����EF ���� � ����F ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����F ���� � ����F ���� � ����F ���� � ����E ���� � ����F

��� 'SRXVSP ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F ���� � ����F

 ��� ���� � ����EF ���� � ����F ���� � ����F ���� � ����F ���� � ����G ���� � ����F

 ��� ���� � ����EF ���� � ����EF ���� � ����F ���� � ����F ���� � ����G ���� � ����F

 /'P ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����F ���� � ����EF ���� � ����F ���� � ����F ���� � ����F

��� 'SRXVSP ���� � ����G ���� � ����F ���� � ����F ���� � ����F ���� � ����H ���� � ����EF

 ��� ���� � ����FG ���� � ����EF ���� � ����EF ���� � ����F ���� � ����G ���� � ����F

 ��� ���� � ����EFG ���� � ����EF ���� � ����EF ���� � ����FG ���� � ����G ���� � ����F

 /'P ���� � ����EF ���� � ����EF ���� � ����E ���� � ����E ���� � ����E ���� � ����E

 2E'P ���� � ����E ���� � ����E ���� � ����E ���� � ����G ���� � ����F ���� � ����F

EiH1IERW MR IEGL GSPYQR ERH [MXLMR E T, PIZIP [MXL XLI WEQI PIXXIV HS RSX HMJJIV WMKRMJMGERXP] �4 " ����
�
�:EPYIW EVI QIERW � WXERHEVH IVVSV SJ � VITPMGEXIW�
�'SRXVSP ! RS WEPX EHHMXMSR� ��� ! � 2E'P�� /'P� ��� ! � 2E'P�� /'P� /'P ! /'P SRP]� 2E'P ! 2E'P SRP]�
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QIVMGEPP] LMKLIV �4 " ����
 GSQTEVIH [MXL '*7 EX XLI 
WEQI WEPX GSRGIRXVEXMSR� T, PIZIP� ERH WEPX XVIEXQIRX� 
8LMW QE] WYKKIWX XLEX XLI TVSXISP]XMG EGXMSR SJ XLI GIPP�
[EPP TVSXIMREWIW VIPIEWIW I\XVE %')�MRLMFMXSV] TITXMHIW 
GSQTEVIH [MXL XLEX SJ '*7� *YVXLIV MRZIWXMKEXMSR MW 
VIUYMVIH XS I\TPSVI GIPP�[EPP TVSXIMREWIW ERH XLIMV IJJIGX 
SR TVSHYGXMSR SJ %')�MRLMFMXSV] TITXMHIW�

8EFPIW �� ERH �� MPPYWXVEXI XLI %')�MRLMFMXSV] EGXMZ�
MX] SJ '*) ERH '*7 SJ 0� GEWIM �SFXEMRIH EX HMJJIVIRX 
WEPX GSRGIRXVEXMSRW� T, ZEPYIW� ERH WEPX XVIEXQIRXW
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XMZMX] ERH TVSHYGXMSR HYVMRK JIVQIRXEXMSR SV TVSHYGX 
WXSVEKI� 8LI WEPX XVIEXQIRX IJJIGX [EW LMKLP] HITIR�
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ERH XLI GSRGIRXVEXMSR SJ IEGL WEPX� *YVXLIV MRZIWXMKE�
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TVSXIMREWIW MR JSSH �IWTIGMEPP] GLIIWI
�
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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.  

 

 

 

 

150



 

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 University�s 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 Subject�s 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  References 
Creaminess Flavour associated with fresh milk, creamy 

product, condensed milk. 
UHT cream with 35% fat 

Bitterness Chemical-like, aspirin, taste sensation of caffeine 0.06% Caffeine 
Saltiness Fundamental taste sensation of which sodium 

chloride is typical 
1.0% NaCl 

Sour-acid Fundamental taste sensation of citric acid 0.08% Citric acid 
Vinegar 

Flavour associated with vinegar 
Vinegar (~ 4%) from 
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) Salting1 Creaminess Bitterness Saltiness Sour-acid Vinegar 
14 A 3.90±0.78a 2.60±0.62a 8.45±0.54a 2.85±0.58a 2.40±0.58a 
 B 4.25±0.89a 2.90±0.64a 8.75±0.47a 2.85±0.54a 3.00±0.65a 
 C 3.70±0.80a 2.90±0.53a 8.35±0.51a 3.00±0.60a 2.80±0.83a 
 D 4.60±0.92a 3.15±0.47a 7.80±0.53a 3.15±0.60a 2.60±0.72a 

28 A 4.15±0.68a 2.50±0.34a 7.50±0.78a 3.65±1.15a 2.30±0.58a 
 B 4.40±0.73a 2.90±0.41a 7.70±0.76a 2.65±0.53a 2.60±0.54a 
 C 4.40±0.75a 3.05±0.37a 7.75±0.67a 2.00±0.33a 2.10±0.48a 
 D 4.35±0.80a 2.80±0.44a 7.60±0.75a 2.30±0.37a 2.00±0.37a 

56 A 5.40±0.73a 3.30±0.63a 7.40±0.70a 2.65±0.48a 2.60±0.76a 
 B 5.00±0.67a 3.10±0.57a 7.25±0.63a 2.25±0.31a 2.35±0.41a 
 C 4.15±0.89a 3.25±0.63a 7.60±0.56a 2.30±0.45a 2.75±0.66a 
 D 4.60±0.97a 3.90±0.71a 7.90±0.62a 3.05±0.50a 3.20±0.74a 
1Salt treatment: 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 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) Salting1 Creaminess Bitterness Saltiness Sour-acid Vinegar 
1 A 4.20±0.77a 2.40±0.45a 5.90±0.80a 2.20±0.61a 1.90±0.38a 
 B 4.05±0.68a 2.50±0.40a 5.15±0.77a 2.15±0.47a 2.00±0.49a 
 C 3.90±0.55a 2.60±0.54a 5.60±0.56a 2.85±0.65a 2.20±0.59a 
 D 3.85±0.73a 3.90±0.74a 6.50±0.73a 2.55±0.46a 2.20±0.39a 

3 A 3.90±0.46a 3.90±0.81a 6.65±0.68a 2.85±0.56a 2.40±0.54a 
 B 4.25±0.49a 3.30±0.63a 6.70±0.73a 2.75±0.45a 2.30±0.50a 
 C 4.50±0.69a 3.30±0.67a 6.60±0.76a 2.40±0.48a 2.15±0.38a 
 D 3.85±0.61a 3.10±0.69a 5.70±0.63a 2.60±0.48a 2.45±0.51a 

5 A 3.70±0.56a 2.85±0.58a 5.95±0.58a 2.60±0.40a 2.15±0.39a 
 B 3.40±0.60a 3.05±0.65a 6.00±0.60a 2.50±0.40a 2.40±0.45a 
 C 3.20±0.65a 3.00±0.56a 5.85±0.65a 2.60±0.48a 2.70±0.68a 
 D 3.70±0.62a 3.50±0.64a 6.30±0.54a 2.45±0.44a 2.80±0.83a 
1Salting: 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). 
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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� H2� H3� 
1 2 3 4 5 6 7 8 9 10 11 12 

Creamy             
Bitterness             
Saltiness             
Sour-acid             
Vinegary             

Attributes N1� N2� N3� 
13 14 15 16 17 18 19 20 21 22 23 24 

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 
 

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. 

 

 

HA HB 
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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. 

 

 

 

HA HB 

HC HD 

167



 

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. 

 

 

 

 

 

HA HB 

HC HD 

168



 

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. 

 

 

172




