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ABSTRAKT 

Cílem diplomové práce byla studie vlivu doby prozrálosti vybraných sýrů zrajících 

v solném nálevu na konzistenci tavených sýrů s různou skladbou tavicích solí v průběhu 

60 denního skladování. Pro výrobu modelových vzorků tavených sýrů byla použita           

2, 4, 8, 16 a 24 týdenní surovina. Jako tavicí soli byly použity citran sodný (TSC), hydro-

genfosforečnan sodný (DSP), difosforečnan sodný (TSPP) a sodná sůl polyfosforečnanu 

(P20). Z těchto tavicích solí byly vytvořeny 4 kombinace ternárních směsí tavicích solí 

(DSP:TSC:P20, DSP:TSPP:TSC, TSC:TSPP:P20 a DSP:TSPP:P20). 

Modelové vzorky tavených sýrů byly podrobeny základní chemické analýze (stanovení 

obsahu sušiny a hodnot pH) a texturní profilové analýze (tvrdost, relativní lepivost a kohe-

zivnost). V experimentální části byl pozorován rostoucí trend tvrdosti modelových vzorků 

tavených sýrů v průběhu skladování, naopak v závislosti na prozrálosti použité suroviny 

tvrdost vzorků klesala. Při stanovení tvrdosti výrobku byl pozorován specifický jev 

při aplikaci TSC:TSPP a DSP:TSPP v poměru 1:1 s nulovou koncentrací P20. 

 

Klíčová slova: tavený sýr, sýr zrající v solném nálevu, tavicí soli, citran sodný, fosforečna-

ny, tvrdost

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

The aim of the Master's thesis was to study the effect of the maturity stage of Akawi     

white-brined cheese on the consistency of processed cheese model samples with different 

composition of emulsifying salts during a 60-day storage period. For the manufacture 

of the model processed cheese samples was used cheese with 2, 4, 8, 16 and 24 weeks 

of maturity as the main raw ingredient. Trisodium citrate (TSC), disodium hydrogenphos-

phate (DSP), tetrasodium diphosphate (TSPP) and sodium salt of polyphosphate (P20) we-

re used as emulsifying salts. Moreover, of these emulsifying salts, 4 combinations of terna-

ry mixtures of emulsifying salts (DSP:TSC:P20, DSP:TSPP:TSC, TSC:TSPP:P20 and 

DSP:TSPP:P20) were created. 

The model samples of processed cheeses have been subjected to basic chemical analysis 

(including determination of dry matter content and pH values, respectively) and textural 

profile analysis (hardness, relative adhesiveness and cohesiveness). In the experimental 

part, the increasing trend of hardness of processed cheese model samples was observed 

during storage. On the other hand, depending on the maturity of the cheese (used as raw 

material), the hardness of the samples decreased. The specific effect of TSC:TSPP and 

DSP:TSPP in the ratio 1:1 with zero concentrations of P20 was observed during the deter-

mination of the model samples hardness. 

 

Keywords: Processed cheese, White-brined cheese, emulsifying salts, sodium citrate, 

phosphates, hardness 
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INTRODUCTION 

The technology of processed cheese production is one of the youngest production proces-

ses in the dairy industry. Processed cheeses (PC) are milk products made from natural 

cheeses of varying degrees of maturity and heat-treated with the addition of butter, water, 

emulsifying salts (ES) and other dairy and non-dairy ingredients. The presence of ES is 

essential for the formation of a homogeneous structure. The basic role of ES is ion exchan-

ge of calcium ions in the milk protein of natural cheese for sodium ions. The first mention 

of the production of PC with the addition of ES dates back to 1911 from Gerber company. 

PC are a favorite commodity due to their versatility of products and the possibilities of 

using them both for households, restaurants and fast foods [1, 2]. 

The theoretical part of the Master's thesis includes four chapters. The first chapter discus-

ses the characteristics of PC, their production and main ingredients using during proces-

sing. The second chapter focuses on key ingredients for the production of PC which are 

ES. Phosphate- and citrate-based emulsifying salts are described here, in particular their 

basic role in the production of PC. The third chapter focuses generally on the factors 

affecting the consistency of PC, especially the influence of the natural cheeses on the con-

sistency of PC. The last chapter describes White-brined natural cheeses and the ripening 

process of these cheeses. 

The aim of the experimental part of this Master's thesis was to study the influence of matu-

rity stage of White-brined natural cheeses on the consistency of PC using various ES com-

positions. Basic chemical and texture analysis of the samples was performed. The experi-

mental part of the Master's thesis included the production of PC model samples. White-

brined natural Akawi cheese has been used with different stages of maturity. As the ES 

disodium hydrogenphosphate (DSPP), tetrasodium diphosphate (TSPP), sodium salt of 

polyphosphate (P20) and trisodium citrate (TSC) were used. From these types of ES, 4 

combinations of ternary mixtures were created. The experimental part was performed for 

60 days at regular intervals (2nd, 9th, 30th and 60th day of storage). The experimental part 

summarizes and discusses the results of pH measurement, dry matter (DM) content and 

selected textural properties (hardness, cohesion and relative adhesiveness) of PC. 



ΤΒU in Zlín, Faculty of Technology 12 

 

I.  THEORY 
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1 PROCESSED CHEESE 

PC are currently one of the most popular and widespread group of dairy products. Accor-

ding to the Czech Statistical Office, consumption of PC was 2.0 kg/per capita in the Czech 

Republic in 2015. It is almost double in comparison with other countries of the European 

Union. The high demand of PC can be found due to affordability and extended shelf-life 

primarily, compared to other dairy products. Variability of textural properties, fat content 

(FC), taste, aroma, packaging size and shape, makes it ideal for the various options for 

application in both warm and cold dishes. However, the demand of PC slightly decreased 

compared to year 2014 (2.1 kg/per capita), because of the increasing popularity of PC ana-

logues [1, 2]. 

PC is heat-treated cheese with the addition of ES. Minimum of DM content is at least      

51 % (w/w) and must origin from natural cheese. Moreover, if it contains more than           

5 % (w/w) of lactose, can not be labeled as PC, acording to Ministry of Agriculture Decree 

397/2016 Coll [3]. 

Moreover, acording to the Codex Alimentarius, PC are dairy products obtained from natu-

ral cheese (with or without the addition of other raw materials and permitted ingredients) 

by melting and emulsifying the mixture with the aid of heat and emulsifying (or melting) 

salts in a well-mixed medium to produce a homogeneous, smooth and stable oil-in-water 

emulsion [4]. 

Additionally, PC can be characterized as a viscoelastic matrix. The basic material consists 

of natural cheese/cheeses at different stages of maturity. It is made by using a wide range 

of dairy (e.g., cream, butter, anhydrous milk fat, curd, milk powder, whey powder, caseina-

tes) and non-dairy ingredients and additives (e.g. hydrocolloids, coloring, sensory active 

agents) which are applied in order to modify the content (e.g. DM content, FC, protein 

content) or the functional properties of the end-product (e.g. firmness, meltability). PC are 

manufactured in many countries, offering numerous variants that have different denomina-

tions such as “pasteurized”, “emulsified”, pasteurized blended, “American”, “cooked” or 

“sterilized” cheese. In addition, PC products are available in many different versions inclu-

ding blocks, slices, and individually packaged portions such as snacks, cups and tubes      

[5 – 7]. 
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1.1 Ingredients of dairy origin 

PC are not made from milk directly, whereas are based on natural cheese/cheeses in vari-

ous stages of maturity. This is the main difference between processed and natural cheeses. 

Natural cheeses with mechanical defects can be used in the production of PC, because ap-

pearance of cheese with defects can be inappropriate for consumers. Cheese with micro-

biological defects shall not be used for processing. Especially cheese conteining spore-

forming bacteria or fungi. The most common spore-forming bacteria found in dairy produ-

cts belong to the genera Bacillus and Clostridium, which contain several species that are of 

concern from spoilage and public health perspectives. Mainly in UK, Australia, USA and 

Canada the most common natural cheese used for processing is Cheddar cheese. Mozza-

rella cheese and Gruyère are used in Canada and the USA as well. Most often cheeses of 

Edam type such as Edam brick or Edam block are used for processing in the Czech Repub-

lic. Nevertheless, Swiss-type cheese, Moravian block or Primátor are used for processing 

minimally [7 – 12]. 

Other added materials can be divided into raw-milk and non-milk origin. As a raw-milk 

materials are used butter and cream. Theese raw materials can increase the FC in DM as 

well. Another raw material which is used may be cheese curd. Curd is added into the pro-

duct because of increasing the non-fat solids content and contains intact proteins, mainly 

caseins with minimum proteolytic activity and minimal influence on the stability of the 

product and its consistency.  Rework can be also used as a raw material because of its cre-

amy consistency. Water is added into the product because of changing content of DM. 

Other raw materials as different flavour agents (meat ingredients, vegetables, spices, 

mushrooms etc.) can be used as well. The most important raw material are ES to obtain a 

smooth, fine and homogenous structure of the PC. The most commonly used are phosphate 

and citrate based ES [2, 5, 13, 15]. 

1.1.1 Natural cheese as the main raw material 

Depending on the desired taste and consistency the main raw material of processed cheese 

is a natural cheese which can be made up of different species or be in different maturity 

stage [8, 12]. 
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The monitored factors of natural cheese used as a raw material for the production of PC 

include mainly the pH, the calcium content, stage of maturity, FC and the amount of intact 

casein [7]. 

Edam, Edam block, Moravian block and Primator cheese are commonly used in the Czech 

Republic during PC manufacturing [12]. Especially in Anglo-American countries the most 

commonly type of cheese is Cheddar cheese [9]. 

For more cuttable product is suitable to use young or low-rippened cheese (usually           

70 – 95 % of intact casein) because it results in a more stiff and gummy consistency of PC. 

Other advantages are high water binding capacity and lower production costs. The disa-

dvantages are mainly empty flavour (low content of flavour compounds generated during 

prolonged maturation of natural cheese), worse meltability, possibility of excessive 

swelling and the formation of air bubbles due to high viscosity of melted material [9]. 

On the other hand it is preferable to spreadable products using of more ripened cheese 

(usually 60 – 75 % of intact casein). More easily meltable mixture with a fine texture can 

then be expected. The more matured natural cheese is, the more sensoric substances forms 

and thereby the final product aroma is more intensive [16 - 18]. When over rippened chee-

se is used, defects of consistency may occur. Defects can be responsible for a grain texture 

of the final product or the release of poorly emulsified fat and also give unstable consis-

tency of the product [21]. The mixture of natural cheeses in different maturity stage are 

commonly used in practice [12]. 

In some cases the natural cheese frozened before the melting process is added. The frozen 

natural cheese increases hardness, decreases spreadability and lower in comparison with 

products in which the cheese was added unfrozen [9]. 

1.1.2 Butter  

The amount and type of added fat can significantly influence the taste, structure and textu-

ral properties of PC. During the stirring and heating there is a decay of the natural fat glo-

bules, moreover melted fat forms particles of different diameters and then these are emulsi-

fied by caseinate. Emulsification stage plays an important role in shaping of the final 

structure. Increasing the degree of emulsification leads to a reduction of the diameter and 

increasing the amount of fat globules as result in a higher amount of bounds between the 

proteins. PC is than reflected in greater firmness but on the other hand lower stickiness. 
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The size of the fat globules may also affects the color of processed cheese. The smaller fat 

globules are, the more able to disperse the light and the color of PC is whiter [24]. Fat is 

added in the form of butter, cream or anhydrous milk fat. 

According to Brickley et al. [30], absence of fats is problematic in the PC in order to color, 

texture, poor meltability and subsequent darkening and caking. Possible elimination of 

these properties was found as a reduction of DM content (density reduction of the protein 

matrix and better spreading), adjusting the pH (reaching the isoelectric point of casein). 

Casein molecules are aggregated to form a white color or by the addition of starter cultures 

(controlled acidification proces leads to decrease calcium content which decreases the den-

sity of protein network) [30]. 

1.1.3 Addition of skimmed milk powder or whey powder 

Skimmed milk or whey powder is added in order to reduce price while producers attempt 

to reduce the amount of natural cheese. The addition of these two components leads to an 

increase of DM content in order to increase of lactose content of the melt. Increased con-

tent of lactose is reflected in break of compactness of protein matrix resulting in a lower 

hardness of PC. Undesirable phenomenon of using a higher amount of lactose is danger of 

non-enzymatic browning and formation of crystals both during production and during sto-

rage [9, 13, 27]. Kapoor and Metzger [9] recommends to lactose content in the final pro-

duct does not exceed 7.48 % with regards to products of DM content of 44 % and 10.20 % 

for PC with a DM content of 60 % [9]. 

1.1.4 Addition of rework 

Rework is a term used to describe the PC produced in industrial processes which was not 

further distributed. Rework may come from rejected batches due to unusual weight, packa-

ging or quality defects. Since non-standard means the economic burden for manufacturers, 

rework is added to the melt and remelted. Content of added rework may range from           

2 % – 15 %. Emulsification proces has already completed in rework contains ES. This is 

why addition of rework into the melt may be problematic and the properties of the final 

product can be influenced. Generally addition of rework leads to a reduction in spreadabili-

ty and increase in hardness. The maximum added amount which does not influence the 

final product is 4 %. Also type of rework can affect the properties of the final product [9]. 



ΤΒU in Zlín, Faculty of Technology 17 

 

Rework is sometimes used to improve melting and functional properties of PC. Fresh re-

work has slightly dispersed (hydrated) protein structures and may be added in order stabili-

zation of PC. There is a possible tendency to overcreaming under normal melting conditi-

ons of added amount from 2 % – 30 % depending on the degree of dispersion and emulsi-

fication [9]. 

1.1.5 Addition of calcium ions 

Addition of calcium ions may influence the change in the consistency of PC namely an 

increase in hardness. The reason is large quantities of calcium ions involved in the forma-

tion of a protein matrix and intensively crosslink it. The disadvantage may be found in the 

reduction of natural cheese meltability [9, 30]. According to Mizuno and Lucey [33] calci-

um ions may be added only in limited amounts since excessive addition would cause ex-

cessive aggregation of the casein fractions (their hydrolysates) which would ultimately 

lead to the formation of unstable matrix [33]. 

1.2 Ingredients of non-dairy origin 

Besides the PC, PC analogues can be also found on the market. Milk ingredients can be 

fully or partially replaced by raw materials of plant origin in these products. Non-milk ori-

gin proteins, vegetable oils, ES, flavouring agents, hydrocolloids and many other ingredi-

ents are used during processing. The advantage of these ingredients is the decreasing the 

production costs, because of expensive raw materials of animal origin and for this reason 

are replaced by lower cost plant raw-materials [2, 3, 16, 17]. 

1.2.1 Water 

Water is added to PC in order to achieve the desired level of DM. Different addition of 

water can also influence the smoothness and spreadability of the final product and ultima-

tely reduce the production costs. Hardness is decreased in order to addition of water while 

the meltability increases. The water addition influences release of calcium, hydration and 

dispersion of the proteins after addition of ES [31]. According to Lee et al. [31], decreasing 

the DM content reduces the size of fat globules. Reducing the DM content has a similar 

effect on mechanical properties as decreasing the temperature and pH of the raw material 

during the manufacture of PC. A disadvantage of PC with high water content is higher sen-

sitivity to spoilage [31]. 
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1.2.2 Hydrocoloids 

In practice hydrocolloids are used both individually and in mixtures in concentrations up to 

1 % (w/w). They are added as fillers, thickeners, emulsifiers and stabilizers of emulsions 

and foams. Some of them have the ability to form a gel (gelatin, starch, alginate, κ- and     

ι-carrageenan, agar, pectin, etc.). Hydrocolloids are widely used in various industries inc-

luding the food, nevertheless they have their own place in the dairy industry [66, 67]. Se-

lected hydrocolloids (carrageenan, cellulose, guar and locust gum) used Lu et al. [68], and 

found that the addition of the hydrocolloids hardness of PC increased. Macků et al. [69], 

describe hardness increase with increasing pectin concentration, κ- and ι-carrageenans 

Černíková et al. [70] and modified starch, low-esterificate pectine (alone or combined with 

lecithin) and locust gum as possible substitutes of emulsifying salts may be found in Čer-

níková et al. [70]. 

Hydrocolloids may behave differently under different conditions (pH, concentration of 

electrolytes, production and storage temperature). Also interactions with other food com-

ponents (proteins, polysaccharides, lipids, etc.) may ultimately affect their functional pro-

perties. Manufacturer task is therefore to choose the right kind and amount of a mixture of 

hydrocolloids in order to achieve the desired final product [65]. 

1.2.2.1 Alginates 

Alginates is the general term for a salt of alginic acid. They can be extracted from seawe-

eds of the family Phaeophyceae. Alginates are products of Azotobacter vinelandii micro-

organisms or bacteria of the genus Pseudomonas. Alginates are capable of interacting with 

other electrostatically charged polymers (e.g. proteins) because they are polyelectrolytes. 

This property is used in the stabilization and enhancement of mechanical properties of the 

products and processed cheeses. If the interactions of alginates with caseins would be un-

desirable, mixing these components at higher pH is recommended. Most proteins then 

carries a negative charge and is difficult to binding alginates [79, 89]. 

1.2.2.2 Agar 

The source of agars are red algae Rhodophyceae family. It is a linear polysaccharide, who-

se structural unit is D-β-galaktopysanose and 3,6-anhydro-α-L-galactopyranose alternately 

linked by glycosidic linkages (1 → 3) and (1 → 4). Basic neutral polysaccharide is agarose 

[65, 66].  
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Fig. 1: Structural formula of agarose [66]. 

 

In the food industry it is used for its ability to bind water and formation of thermore-

versible gel. Coupling of gels occurs via hydrogen bonds. Because gel formation is not 

conditioned by the presence of cations neither erratic cation content in dairy products did 

not affect gel formation, that is why alginates are used in food industry very often [65, 66]. 

1.2.2.3 Carrageenan 

Carrageenans are natural linear polysaccharides extracted from red algae family Rho-

dophyceae. The basic structure are a carabiose disaccharide, repeating sequence of           

β-D-galactopyranose and 3,6-anhydro-α-D-galactopyranosyl bonded by β-(1 → 4) linkage. 

Bond of α-(1 → 3) connects the individual disaccharides of carabiose [66, 70].  

Carrageenans found application in many products for its stabilizing and gelling properties. 

They can be added in concentrations 0,01 – 0,30 % (w/w). In dairy products (shakes, ice 

cream, chocolate milk, pasteurized and sterilized creams) amount of 0.025 % (w/w) is used 

to stabilize and prevent the release of whey. For PC a part of ES can be replaced by 

carrageenan and the textural properties and feeling of fullness in the mouth is still mainta-

ined. Carrageenans are not normally added in to the acidic products (soft cheese, yogurt). 

Low pH of products enhances electrostatic interactions between micelles of casein and 

carrageenan, resulting in unstable aggregates have a tendency to flocculate and separate 

itselves [72]. 

1.2.2.4 Pectin 

Pectins are polydisperse polysaccharides of varying composition. They occur in the tissues 

of higher plants and are mainly obtained from citrus peels and apple pomace where their 

content is one of the highest [2, 66]. 
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Fig. 2: Structural formula of pectin [66] 

 

Pectins contributes to the stabilization of protein dispersion and at the same time are 

capable of gelation in dairy products. Pectins can be used for stabilisation of yoghurt milk, 

whey drinks and milk mixture with fruit juices. The effects of pectin are based in preven-

ting sedimentation of casein micelles. Without the addition of stabilizer occurs to form a 

clear layer on the surface of the milk beverage which is entirely undesirable from a consu-

mer point of view. In these dairy products high esterificated pectin is more effective stabi-

lizer (it does not require the presence of calcium ions) in a concentration of min. 0.3 %. 

Mechanism of stabilization is based on interactions of pectin with casein. In yoghurt milk 

and yogurt which occurs as a result reducing the pH during fermentation by lactic acid 

bacteria to aggregation of the casein micelles and thereby destabilize these milk products 

with so called. Polymer stabilization takes place in yoghurt milk and youghurt because of 

aggregation of the casein micelles as a result decreased value of pH by low aktivity of 

lactic acid bacteria during fermentation. The polysaccharide molecules completely cover 

the present colloidal particles and thus the colluidal particles are stabilised. Thickening and 

gelling ability is mainly used to increase viscosity in yoghurts. The addition of pectin 

causes decrease of charge in the casein micelle and gel formation [72]. 

1.3 Processed cheese production 

Continuous or batch processes can be used for PC production. During continous producti-

on a thin layer of the mixture is melted in stainless-steel pipes at a temperature of           
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130 – 140 °C for 2 – 3 seconds. Therefore, this cheese is so-called „sterilised“ cheese whi-

le the batch process usually provides only pasteurization effect. Batch processig is more 

popular in the Czech Republic and is taking place in melting pots. This process involves:  

• (I) the preparation of a mixture for melting,  

• (II) determining the mixture of emulsifying salts,  

• (III) the main melting process of the prepared mixture,  

• (IV) packaging of the melt,  

• (V) cooling,  

• (VI) storage and  

• (VII) expedition [8 – 10, 12]. 

A successful production is based on good quality and selection of natural cheeses. It is pos-

sible to use wide range of cheese in different stages of maturity. Criteria for selection of 

natural cheese and other raw materials depend on the DM content and the FC, flavor, tex-

ture, consistency and the pH of the final product. Natural cheese is peeld before the proces-

sing. This step is important for the melting process, proper „connection“ of the added in-

gredients and entering of ES into the mixture [2, 8, 10, 12, 17]. 

Therefore, ES with polyvalent anions (especially phosphates) and monovalent alkali metals 

(especially Na) are commonly used during the production of PC. The amount of the added 

ES is usually 2 – 3 % of the weight of the raw product mixture [2, 3, 8, 10]. Hence, the 

maximum permitted amount of phosphate ES (expressed as P2O5) is 20 000 mg/kg for PC 

[19]. The maximum permitted amount of phosphoric acid, phosphates or its mixture is ge-

nerally 40 000 mg according to the Regulation of the European Parliament and Council 

Regulation (EC) no. 1333/2008 [20]. Temperature and mechanical stirring in combination 

with the effect of emulsifying salts are the responsible factors for the physicochemical 

changes of the melt. This is why polyvalent anions affect the proteins, whose hydrophilic 

character is increased during the melting process and aglomeration of mixture starts to 

form. The bounded additional water increases the viscosity of the melt, leading to the cre-

aming process.  

Emulsifying salts can influence the pH and stability of the final product. The optimal pH 

range for spreadable processed cheese is 5.6 – 5.85. The added emulsifying salts influence 

the pH, structure and stability of the product [8 - 10, 17]. According to Guinee et al. [3] the 

emulsifying salts are „carriers“ of functional properties of milk proteins. The basic functi-
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on of emulsifying salts is the ability to cleave the calcium ions bounded into the natural 

cheese protein matrix and its exchange for sodium ions. Thus, less insoluble calcium para-

caseinate is converted to the more soluble sodium paracasenate. Therefore, the key role of 

emulsifying salts is the modification of the environment in the melted mixture, so that pro-

teins (casein fraction) can enforce their properties as true emulsifiers. On the one hand, 

overdose of specific emulsifying salts may lead to bitterness of the final product. The 

emulsifying salts will be discussed in next chapters [8, 10, 14, 17]. 

 

Fig. 3: Ion exchange scheme of the sodium ions exchange for calcium ions during melting 

of natural cheese [8, 14]. 

 

First of all, mixture of natural cheese is prepared and pulverized, after that conveyed to the 

melting pot, where the emulsifying salts and other ingredients are added. The melting pot 

is closed and partially vacuumed, because of air bubbles removal from the mixture. There 

is short time heated up to the melting temperature that usually ranges 90 - 100 °C. More-

over, heating may be performed through interspace or directly by injection of steam into 

the mixture. However, because steam is condensed inside the melting pot, this is why 

amount of water must be taken into account when it is added. The melting temperature is 

maintained for several seconds with constant stirring because of inactivation of pathogenic 

or sporulating microorganisms and also because of a stable final product with required 

sensory and textural properties (formation of a more viscous and creamier product). The 

more increased time of melting is, the more increased the firmness of the final product may 
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occur and that is why the product may be overcreamed [3, 10]. Thereafter, the melt is pac-

ked, cooled and distributed further. Processed cheese is most commonly packaged in alu-

minum foil. Nowadays, other packaging materials such as plastic cups, tubes, jars or metal 

cans can be used. Temperature is an important factor during packaging of processed chee-

se. It should be around 70 °C because of microbial reasons and easier packaging, as well. 

The packed and cooled final products are stored at a temperature range of 4 - 8 °C [3, 8 - 

14]. 
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2 EFFECT OF EMULSIFYING SALTS ON THE CONSISTENCY OF 

PROCESSED CHEESE 

According to the Regulation of the European Parliament and Council Regulation (EC) no. 

1333/2008, ES are substances which convert proteins contained in cheese into a dispersed 

form, in order to achieve a homogenous distribution of the present fat and other substances. 

However, ES are often referred as emulsifiers, more particularly, they are emulsifying 

agents that help modifing the environment of the melt, so that the present proteins (the 

casein fraction) can „express“ their properties as natural emulsifiers [8, 21, 22]. 

The most used ES are salts with polyvalent anions (phosphates, their polymers and citrates) 

and a monovalent alkali metals (especially sodium and potassium). The ES can be divided 

into three groups: 

• (I) the monophosphates (orthophosphates), 

• (II) polyphosphates and 

• (III) citrates.  

ES may be added either as one component ES mixture or as combinations of binary, terna-

ry and even quaternary mixtures of ES in an amount of 3 g (the total quantity of used ES) 

per 100 g of mixture in the process of production of PC. Additionally, it is desirable to use 

mixtures of the right combination of ES in proportions which depend on the type of matu-

rity and the structure of the used natural cheese for the formation of a homogeneous mass. 

The composition and amount of ES significantly affect the final texture of PC. The higher 

the concentration of added ES is, the firmer structure of PC can be expected [2, 8, 10, 12, 

24, 26, 27]. 

The basic ability of ES is the removal of calcium ions from the protein matrix, peptization, 

hydratation of proteins, thus increasing their solubility and promoting the ability of pro-

teins to swell. ES also help to emulsify and stabilize the present fat within the formed 

matrix. Nevertheless, heating of the mixture without the addition of ES would cause the 

destruction of the membrane on the surface of the fat globules and subsequent coalescence 

of fat globules could occur. Due to high temperature and low pH, aggregation and con-

traction of the caseins can cause separation of fat, water and proteins. Generally, in order to 

form a homogeneous mass, the addition of ES is necessary [5, 8, 10, 21, 22]. 
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2.1 Phosphate-based emulsifying salts 

Phosphates are compounds derived from orthophosphoric acid (H3PO4) containing anion 

(PO4)
3-. Orthophosphates are salts containing only one phosphorus atom, therefore, they 

containe one group of (PO4)
3-. Condensation of orthophosphates formed salts with two 

groups of (PO4)
3-, so-called pyrophosphates. The compounds formed by condensation of 

orthophosphate containing more than two phosphorus atoms in the molecule are called 

polyphosphates or condensed phosphates. These polyphosphates may be subdivided into 

three groups, on the compounds forming: 

• (I) linear chain of polyphosphates,  

• (II) closed cycle polyphosphates called metaphosphates and  

• (III) compounds having a three-dimensional structure called ultraphospha-

tes         [8 – 10]. 

Phosphate ES affect especially the ion-exchange between the calcium and monovalent 

ions, adjusting the pH of the environment, its stabilization (buffer capacity), and fat 

emulsification. The basic ability of ES is cleavage of the calcium ions bounded on the pro-

tein matrix of the natural cheese and sodium ions can be exchanged.  This allows the con-

version of insoluble calcium salts of caseins (calcium paracaseinate) on soluble sodium 

salts (sodium paracaseinate) which helps the hydration process and fat emulsification. This 

attribute is crucial because it determines the actual process of PC production. Moreover, 

due to ion exchange it is possible to obtain a homogeneous structure of the final product 

during the production of PC [8, 2, 3, 23, 27]. 

The ability of the ion exchange groups of phosphates is depending on the number of phos-

phorus atoms in the molecule. Therefore, the affinity for cations increases with the increa-

sing number of phosphorus in the compound (polyphosphates > pyrophosphates > ortho-

phosphates). The ability of ion exchange is further influenced by the pH and temperature. 

The ion exchange ability is increasing with the increasing temperature and with the increa-

sing pH level, as well [8, 12, 13, 21, 28 – 30]. 

Using of phosphates influence the pH of the environment and stabilize the pH, because of 

buffer capacity. As mentioned before, the optimal pH of spreadable PC ranges 5.6 – 5.8. In 

particular, phosphates have different pH, therefore, it is necessary to choose a suitable 

combination in order to obtain optimal pH and desirable textural properties of the final 

product [8, 10, 17, 21, 31].  Selected phosphates at a concentration of 3 % w/w and pH of 1 
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% of aqueous solutions are shown in Table 1 [2, 8]. Buffering capacity of phosphate ES is 

dependant on their chain length. The longer the chain, the buffering capacity descreases. 

The most intense stabilization ability of pH possess orthophosphates. Thus, with the incre-

asing length of polyphosphate chain, the pH of the solution and PC decrease [8, 10, 21, 

31]. 

 

Table 1: The phosphates used as emulsyfying salts in the manufacture of processed cheese 

[2, 8]. 

Group Substance Formula pH in a 1 % 

aqueous 

solution 

E - codes 

Orthophosphates Sodium dihydrogen 

phosphate 

NaH2PO4 4.5 E 339 

Disodium phosphate Na2HPO4 9.1 

Sodium phosphate Na3PO4 11.9 

Pyrophosphates Disodium dihydrogen 

pyrophosphate 

Na2H2P2O7 4.1 E 450 

Sodium pyrophosphate Na4P2O7 10.2 

Triposphates Sodium triphosphate Na5P3O10 9.7 E 451 

Polyphosphates Sodium polyphosphate 

(Graham's salt) 

(NaPO3)n 6.6 E 452 

 

Another important property of phosphates is to improve the emulsification of fat and pro-

teins. Great impact on the emulsification has a the pH of the environment. With its increase 

are removed more calcium ions from the casein chains. Consequently, the chains a delayed 

and the emulsifying capacity of the present caseins is improved. Furthermore, the size of 

fat globules is reduced and their specific surface area is increased. Further reducing of the 

fat globules size, may lead to the protein chains again approach each other and begin to 

interact together. Poor emulsification causes the excretion of fat globules from PC. On the 

contrary, good emulsification causes the production of soft or tougher PC [16]. 
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In addition, another property of phosphate ES is the ability to affect the formation of a gel, 

which depends on the type of phosphate [26, 28, 32]. The low molecular weight phospha-

tes (pyrophosphates and tripolyphosphates) promote the crosslinking of the gel matrix mo-

re than linear polyphosphates. High molecular weight phosphates are considered as inhibi-

tors of gel formation. During gel formation a complex of casein and calcium phosphates 

developes and that is why the repulsive forces between casein chains are reduced [5, 8, 27, 

33]. During production and storage of the final product, linear condensed phosphate are 

hydrolyzed to individual orthophosphates. The most intensive reaction is the decompositi-

on of polyphosphates to pyrophosphates. The reaction rate is slowing down during the de-

composition of polyphosphates into orthophosphates. The extent of hydrolysis is depen-

dent on the time and the temperature of treatment of the product, further to the duration 

and temperature of storage, the pH and the length of phosphorus chain. The higher indica-

ted values are, the hydrolysis of phosphate increases [21, 27, 34]. Hydrolysis influences 

changes in the buffer capacity of ES and decreasing the affinity of the ES to calcium ions. 

However, the decomposition of phosphates may also support undesirable formation of 

crystals, which are formed in the presence of pyrophosphates and orthophosphates. Tempe-

rature and mechanical stress are responsible for increase of the water binding capacity in 

proteins, thereby the viscosity of the entire system increases [8, 21]. 

2.2 Citrate-based emulsifying salts 

Citrate salts are salts derivated from tricarboxylic citric acid. Sodium citrate was the first 

ES used for the manufacture of PC. The most common ES based on citrates is trisodium 

citrate (C6H5Na3O7). Monosodium citrate and disodium citrate are used very rarely because 

of acidification of the final product is high, resulting in the formation of an unstable 

emulsion which easily releases water. Citrates are used in combination with other salts 

during production of PC especially polyphosphates [8 – 10, 21, 26]. Citrates affinity for 

calcium ions as compared with phosphates is low, on the other hand, is higher for sodium 

ions. Citrates have low ability to increase hydratation of the proteins and fat emulsification. 

Moreover, citrate are also considered as substances which do not participate in cross-

linking of the protein matrix. In comparison with phosphate, bactericidal or bacteriostatic 

activity was not prooved. In addition, potassium citrates are not applied during the produ-

ction of PC because they can create a bitterness of the final product [2, 3, 8, 9, 13].  
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Table 2 shows citrates which are used as ES and the value of pH in a 1 % (w/w) aqueous 

solutions [8, 14]. 

 

Table 2: The citrates used as emulsyfying salts in the manufacture of processed cheese    

[8, 14]. 

Group Substance Formula pH in a 1 % 

aqueous soluti-

on 

Citrates Sodium citrate NaH2C6H5O7 3.7 

Disodium citrate Na2HC6H5O7 4.5 

Trisodium citrate Na3C6H5O7 5.6 
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3 FACTORS AFFECTING THE CONSISTENCY OF PROCESSED 

CHEESE 

Besides flavor consistency is one of the main features of PC [2, 59]. PC are found in a ran-

ge of consistencies from delicate, through the well spreadable to liquid consistency. The 

consistency of PC is determined by many different factors (e.g. use of ES, composition and 

degree of maturity of natural cheese, use of additives, processing conditions and interaction 

between other factors). Generally, these factors can be divided into three groups: 

• (I) the composition of the raw material mixture,  

• (II) processing parameters during the production of PC (especially the speed of agi-

tation, holding time, the temperature reached during the melting process and the ra-

te of cooling),  

• (III) the storage temperature and period [74]. 

3.1 Composition of the raw material mixture 

The composition of the raw material mixture includes mainly the type of the natural cheese 

and its degree of maturity, DM content, FC in DM, pH value, proportion of calcium ions in 

the melt, amount of the cream and lactose content. Moreover, a key factor affecting the 

consistency of the processed cheese is amount and the ratio of the applied ES [8, 12]. 

The basic raw material for the production of processed cheese is the selected natural chee-

se. Natural cheese has a significant impact on the consistency of the final product, namely 

its calcium and casein content and pH value. These properties are „modified“ during ripe-

ning of the natural cheese. Therefore, it is important to consider the type of natural cheese, 

its degree of maturity, its composition, pH value and the desired properties of the final 

product for the cheese processing. Unripened raw material (70 – 95 % of intact casein) 

generally results a stiffer and more rubber consistency [2, 59].  

Young cheeses are mainly used for the production of sliced cheese. The disadvantage of 

young cheeses is the emptiness in flavor because of low content of sensory active com-

pounds, worse melting ability, danger of excessive swelling and the possibility of formati-

on of air bubbles due to high viscosity of the melted mixture. On the other hand, using of 

ripened cheese (60 – 75 % of intact casein) is achieved softer and more spreadable consis-

tency, because the mixture of mature cheeses is easier to melt and the final product has 
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usually fuller and stronger flavor. During the ripening of natural cheese, proteolysis occurs. 

Proteolysis is one of the most complex and important microbiological and biochemical 

processes that takes place during ripening of most natural cheeses. Hydrolysis of caseins to 

peptides and free amino acids is in progress during this process. The casein proteolysis is 

„realised“ by enzymes, including a residual enzymatic activity of the raw milk, clotting 

agent and an exogenous enzyme system of fermented- and non-fermented lactic acid bacte-

ria (LAB). The content of intact casein in the casein matrix can influence the strength and 

the fragility of cheeses. When low-fermented raw material with a low degree of proteolysis 

is used, the final product has more rubber and stiffer consistency. When ripened cheese 

with a high degree of proteolysis is used, the final product has a soft and spreadable consis-

tency [2, 17, 60, 61]. 

Another important factor affecting the consistency of PC is the relationship between DM 

content and fat in DM.  The stiffer consistency of the product can be achieved at constant 

fat in DM content by an increase in the DM content.  On the other hand, increasing the FC 

at a constant DM content can be achieved more spreadable consistency [2, 55, 60]. The 

consistency of PC can be influenced by the content of calcium ions which come from natu-

ral cheese into the product. Additionally, Kapoor et al. [59] investigated the effect of incre-

asing the content of calcium ions in Cheddar-processed cheese. The latter authors found 

that the high content of calcium ions in the raw material results in a more firm final pro-

duct [59]. Moreover, another important factor influencing the consistency of the product is 

the pH. This pH value is mainly affected by type and concentrations of the used ES and the 

pH of natural cheese. The „older“ (more ripened) natural cheese is used during the manu-

facture of PC, the higher pH product is formed. The added ES are not only to promote 

emulsification properties of proteins but they can adjust the pH of the melt to the optimum 

pH value 23]. According to Marchesseau et al. [17], the optimal pH of the PC in the final 

product is 5.6 – 6.1. The closer the pH of the processed cheese to the isoelectric point of 

casein (pH ~ 4.6) is, thus, a more rigid consistency of the final product forms. According to 

Lee and Klostermeyer [31], a low pH (4.8 – 5.2) of the final product can be formed using 

ES like sodium citrate, sodium phosphate and sodium metaphosphate. Consequently, a dry, 

hard and crumbly PC can be expected. At high pH (> 6.0) there is a decrease in the electro-

static interactions and increase in the negative charge of the proteins which can cause their 

repulsion. These weakened gel is characterised by a very soft consistency [17, 61]. A signi-

ficant role in forming the texture of PC play ES (their amount and composition). In gene-
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ral, with the increasing content of ES of phosphate and citrate-type (about 0 – 3 % w/w), 

the rigidity of the final products increases [2, 26]. 

3.2 Processing parameters 

3.2.1 Processing and cooling of the melt 

Melting temperature, intensity and duration of the stirred hot melt and the cooling rate are 

factors contributing to the consistency of the PC. The most important parameter is the mel-

ting temperature. According to Guinee et al. [3], the increasing value of the melting tempe-

rature reduces the strength of the formed gel [2, 3, 10, 12]. However, excessive endurance 

at temperatures of 75 – 90 °C can lead to overcreaming of the mixture, resulting in a hard 

and pudding consistency of the final product, which can be characterised by oiling off (re-

lease of fat from the matrix). The consistency of the PC can be influenced by the pattern of 

the melting process. An increasing duration and intensity of stirring of the melt has great 

influence on the consistency. This factor can determine the size of the fat globules. Increa-

sing length and intensity of mixing improves fat emulsification, resulting in the increase in 

stiffness of the PC. Moreover, the cooling rate is a factor affecting the consistency of the 

product. Generally, slow cooling leads to an increase in the stiffness of the final product, 

whereas rapid cooling can provide a less rigid final product [2, 26, 64]. 

3.2.2 Storage conditions 

According to the Decree no. 397/2016 Coll., the consistency of PC is also influenced by 

storage period and transport. An increase in stiffness takes place during storage period of 

PC [21, 27, 34]. Polyphosphates are gradually hydrolysed into simple phosphates. Hence, 

the reduce of the number of monomers in a linear-chain polyphosphates results in a decrea-

se in affinity for calcium ions. Therefore this leads to a gradual release of these ions from 

the ES and subsequent integration into the protein matrix.  [2, 22, 60]. Higher storage tem-

perature (25 – 30 °C) could lead to increased stiffness of the PC [26, 27]. According to 

Awad et al. [27], it has been shown that at higher storage temperatures (20 ± 2 °C) was 

observed an intensive formation of darker color of the product than the products stored at 

lower temperatures (7 ± 2 °C) [2, 27]. Long-term storage (3 – 4 months) of PC can be a 

problem with the microbiological properties and the shelf life of these products. Microbio-

logical changes are influenced by several factors, namely the type of natural cheese, DM 
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content, pH and heating temperature. Shelf-life of stiff PC is higher than for softer produ-

cts, because the spreadable consistency products generally contain higher amount of water 

[61, 64]. 

3.2.3 Agitation speed 

Noronha et al. [76] focused on the effect of different agitation speeds (100 – 1500 rpm) at a 

constant holding time (~2 min) at 80 °C on the consistency of PC block imitations. Their 

results showed that with the increasing speed of agitation, the firmness of the final product, 

its cohesiveness and the storage modulus G` increased while the size of the fat globules 

decreased [76]. 
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4 PROPERTIES OF WHITE-BRINED CHEESE 

4.1 White-brined cheeses 

According to the Ministry of Agriculture Decree no. 397/2016 Coll. cheese is defined as a 

milk product produced by precipitation of milk proteins from milk by the action of rennet 

or other suitable coagulating agents, separating of the whey and after that, fermentation or 

maturation process begins [3]. 

White cheese is a traditional food in the regions of the Balkans and the Middle East. Early 

reports indicate that the art of cheese-making was brought originally from Asia to Europe 

through the Middle East. Until late in the nineteenth century, cheese was exclusively pre-

pared at home or produced on farms. Nowadays, most cheeses are produced in dairy facto-

ries, but some varieties are still produced on a small scale under domestic conditions. The-

refore, almost all varieties of cheeses which are produced in the Middle East region, are 

white cheeses, most of which are matured in brine [35]. 

White brined cheeses (WBC) are cheeses ripened and preserved in brine, made from curds 

that are not subjected to any heat treatment, like Feta and similar cheese varieties (Akawi, 

Jadel, Telemea, Domiati, Halloumi, Brinza). Their flavour is slightly acidic and salty, that 

sometimes can become rancid and piquant. Their colour is pure white, when they are made 

from ewe's and goat's milk. The cheese mass has no rind, no gas holes or other openings, 

except for small mechanical openings and its texture is smooth and rather soft but always 

sliceable. The size and shape of the white, rindless cheese group varies but the typical form 

is square, 7 x 7 x 7 cm3 with an approximate weight of 1 kg. [36, 37]. 

Moreover, Akawi cheese is a very popular type of cheese, produced on a large scale in 

many countries in the Middle East region, notably, Lebanon, Syria and Cyprus. Akawi 

cheese is used extensively in the preparation of many dishes and foods that contain cheese 

as a major ingredient, such as traditional Middle Eastern confectionery products (sweets). 

The cheese is desalted by soaking in water for several hours or overnight, before it is utili-

zed in the preparation of sweets. Akawi is a white, pickled cheese made in many countries 

from locally available milk source [35]. 
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4.2 Production of White-brined (Akawi) cheese 

Traditionally, Akawi cheese is produced from pasteurized bovine or ovine milk (or a mix-

ture of them). For Akawi cheese-making, milk is pasteurized (at 60 °C for 30 min or 72 °C 

for 15 s), cooled to about 35 °C and then starter culture (mostly Lactococcus lactis, Lacto-

coccus lactis subsp. cremoris, Lactobacillus casei) is added (1.5 %, w/w). After 1 hour, 

rennet is added to coagulate milk within an hour. Therefore, the curd is cut, the whey is 

drained, and curd-pieces are wrapped in cheese cloths in small portions (150 to 250 g), 

pressed for about 1 hour, and brined in approximately 10 % (w/w) brine solution at 4 °C. 

In general, Akawi cheese contains about 51.0 % moisture, 21.6 % fat, 22.5 % protein, and 

5 % ash. Moreover, the storage of Akawi cheese in brine solution is a critical step for ma-

intaining quality and safety during storage [38, 54]. 

In retail marketing, the cheese is kept in the brine until the day it is displayed for the con-

sumer. Several blocks are taken out, and are displayed in a refrigerated cabinet for 

the day's sale [35]. 

Akawi cheese is a salty white cheese that has few particular characteristics, and hence, is 

rarely found to be faulty. Sometimes, it may be too salty, but this is not unexpected and 

consequently cannot be considered as a defect, since it is normal practice to reduce the salt 

content by soaking the cheese in water before consumption [35]. 

Because of the high salt content 5.42 – 5.58 % (w/w) and health concerns, Middle Eastern 

people avoid consumption of Akawi cheese because of a positive correlation has been 

found between high sodium (Na) intake and hypertension [38], osteoporosis [39], kidney 

stones [40], and cardiovascular diseases [41]. 

4.3 Ripening of white-brined cheese 

Maturation of cheeses is a complex of physical, chemical and mainly biochemical changes 

that result in the formation of sensory active substances and typical characteristics of chee-

se (color, consistency, flavor and aroma). During maturation, the cheese becomes softer 

which is caused by the hydrolysis of casein micelles by proteolysis, the change of water 

binding in curd and pH changes. Biochemical changes during the maturation process can 

be divided into two phases. The primary phase includes the metabolism of lactose, lactate 

and citrate, lipolysis and proteolysis. Secondary phase playing an important role in forming 

taste, include metabolism of fatty acids and amino acids [42, 50]. 
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Many significant changes in the constituents and properties of WBC take place during its 

maturation, which contribute very much to the development of its physicochemical and 

organoleptic properties. These changes are affected by many different factors, such as the 

quality of milk, the pasteurization, the lactic acid starters, the temperature of the ripening 

room [35]. 

4.3.1 Lactose, lactate and citrate metabolism 

A key process during the ripening is the metabolism of lactose to lactate using LAB, 

known as acid cultures (e.g. Streptococcus thermophilus, Lactobacillus helveticus). The 

extent of acidification of the curd affects its initial structure. Ripening is influenced by pH, 

which affects the texture directly that can influence the solubility of casein. Cheeses with a 

higher pH are softer than cheeses with lower pH. Also, the enzyme activity is influenced 

by pH. Most of the lactose present in milk is excluded into the whey during cheese produ-

ction, however, part of it still remains in the curd. Therefore, it is important to complete the 

fermentation of lactose which prevents inappropriate development of secondary microflo-

ra. The residual lactose is metabolised by LAB at the beginning of maturation in order to 

produce lactate [55, 56, 57]. Lactose which remains unfermented by LAB is probably me-

tabolized by non starter-LAB (e.g. Lactobacillus casei, Lactobacillus delbruecki, Lacto-

bacillus plantarum or Lactobacillus rhamnosus) [55]. 

4.3.2 Lipolysis 

Lipolysis is the metabolism of triacylglycerols to fatty acids which contribute significantly 

to the taste formation of natural cheese. The resulting fatty acids are precursors for the 

formation of volatile flavours. During maturation, lipolysis is mediated by the activity of 

the -starter and non-starter cultures and the residual lactic lipase (plasmin, lipoprotein lipa-

se) which is thermolabile but whose activity is reducing by heating more than 50 °C. En-

zyme activity is influenced by the surface of fatty ball membrane which is made up of pro-

teins and phosphoproteins. 

If the membrane is damaged by mechanical damage such as homogenization or foaming, 

an increase in the surface tension of the fat ball occurs and lipolytic enzymes can readily 

penetrate through the membrane into the fatty ball and due to its high lipolytic activity 

produce unwanted taste of the final product [13, 52, 55]. 
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The occurrence of foreign odors is dependent on the renneting of milk. Nutrition for dairy 

cows often reflects on the taste of milk in which the foreign odors can forms. Some enzy-

mes can also produce an unfavorable taste of the product such as lipase-induced rancidity 

[55]. 

Free fatty acids (FFA) and free amino acids (FAA) are considered to be very important 

compounds for cheese flavour. Very important, from this point of view, is not only their 

total concentration in the cheese, but also the quantities of the different free amino acids 

and free fatty acids, and the ratio between them [35]. 

The rennet used in brined cheeses traditionally containes pregastric lipases, and in develo-

ped technologies, lipase is added. Lipolysis is therefore, one of the characteristics of brined 

cheeses. The mono- and diglyceride content of the cheese increases on storage with the 

formation of variable FFA. However, the volatile fatty acids of brined cheeses contain a 

high percentage of acetic acid, originating from microbial fermentations. The high content 

of these acids affects the flavour of the final product. [35]. 

Lipolysis can be expressed as FFA content. Brined cheese contains in general up to 4 – 6 g 

FFA per kg of cheese, including acetic acid. It has to be mentioned that very high values 

(up to 10 g/kg) have been reported for brined cheese made with artisanal rennet [44, 45]. 

The main organic acids throughout of brined cheese ripening are lactic, citric and acetic 

acids, depending on the starter used. Among them acetic acid is a characteristic element of 

brined cheese flavour and increases significantly during ripening. In mature brined cheese 

it ranges from 0.4 to 1.5 g/kg [36, 45 - 48]. 

4.3.3 Proteolysis 

Proteolysis is the most important primary biochemical reaction that occurs in cheese during 

ripening. Proteolysis contributes to softening the cheese structure during maturation by 

hydrolysis of the casein matrix and by reducing water activity. It has a direct effect on 

cheese flavor due to the production of short peptides and amino acids that are precursors of 

secondary biochemical reactions [55]. 

Cheese proteolysis, primarily of casein components, is considered to result from several 

proteinase and peptidase activities. The principal proteolytic agents in cheese are proteina-

ses of rennet, indigenous milk proteinases (especially plasmin), and proteinases and pepti-

dases from starter-, non-starter and secondary starter bacteria. Other original proteinases in 
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milk can be produced from leukocytes of the somatic cells. Somatic cells contain many 

proteinases including cathepsins type B, D, G, H, L and elastase. Proteolysis in cheese is 

affected by the pH of the curd, salt in moisture content of the cheese and ripening time [42, 

43, 49, 50]. 

Primary proteolysis in cheese may be defined as those changes in αs1- and β-caseins and-

peptides therefrom, which can be detected by PAGE [51]. Primary proteolysis of cheese 

proteins is mainly the result of the action of indigenous proteinases (i.e., plasmin, and per-

haps cathepsin D and other somatic cell proteinases) and residual coagulant. However, 

proteinases from starter- and non-starter microorganisms are also active in the degradation 

of cheese proteins and peptides [43, 52]. 

The proteinases of rennet are mainly responsible for the initial proteolysis of the caseins in 

cheese during ripening due to the residual rennet activity retained in the curd. These enzy-

mes modify the texture of cheese by slowly degrading αs1- and β-caseins, which are re-

sponsible for forming the framework of the cheese matrix, and produce sapid compounds 

or, more usually, their precursors. LAB are weakly proteolytic but possess a very compre-

hensive proteinase/peptidase system capable of hydrolysing casein derived peptides to 

small peptides and amino acids. Lactococcus spp., Lactobacillus spp. and Streptococcus 

thermophilus when used as starters have extensive activity in cheese, particularly in the 

production of short peptides and free amino acids [43, 49, 52]. The levels of intact protein 

and of protein breakdown products in cheese at various stages of ripening have been used 

as indicators of maturation, because the extent of degradation is associated with the deve-

lopment of flavour and texture in most cheese varieties [43, 51, 53]. 

The products produced by the catabolism of amino acids are aldehydes, ketones, alcohols, 

aromatics, hydrocarbons, amines, ammonia and sulfur compounds. LAB are the major 

agents of amino acid catabolism but propionic bacteria also have a high ability to transform 

the branched chain of amino acids (isoleucine, leucine) into a branched chain of fatty acid 

(isovaleric acid) [15]. 
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II.  ANALYSIS 
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5 THE AIM OF THE WORK 

The aim of this Master's thesis was to study the influence of the maturity stage of White-

brined cheese on the consistency of processed cheese with different composition of emulsi-

fying salts. 

The aim of the theoritical part of the Master's thesis was: 

• (I) Processing of a literary research focusing on the characteristics of processed 

cheese and description of emulsifying salts, particularly phosphate and citrate 

emulsifying salts, 

• (II) A description of the maturing process of White-brined cheese. 

The aim of the experimental part of the Master's thesis was: 

• (I) To produce processed cheese model samples with four types of ternary mixtures 

of emulsifying salts, 

• (II) Investigating the influence of ternary mixtures of emulsifying salts on the textu-

ral properties of processed cheeses and the influence of the maturity stage of natu-

ral cheese (used as the main raw material) on the textural properties of processed 

cheeses after basic chemical analysis and textural profile analyzes. 
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6 MATERIALS AND METHODS 

6.1 Experiment description 

The experimental part of the thesis included the production of model samples of PC using 

4 types of ES. Trisodium citrate was used as ES (TSC; NaH2C6H5O7), disodium hydroge-

nphosphate (DSP; Na2HPO4), tetrasodium diphosphate (TSPP; Na2H2P2O7) and sodium 

salt of polyphosphate with a mean chain length of n ≈ 20 [P20; (NaPO3)n]. From these ty-

pes of ES, 4 combinations of ternary mixtures were created: (I) DSP:TSPP:P20, (II) 

DSP:TSPP:TSC, (III) DSP:TSC:P20 and (IV) TSC:TSPP:P20. Each combination of terna-

ry mixtures of ES was applied in varying percentages in 12 variants (100:0:0, 50:50 0, 100 

0, 40:40:20, 40:20:40, 20:40: 40, 50:0:50, 0:50:50, 40:0:60, 20:20:60, 0:40:60, 0:0:100). 

For the pH adjustment in the production of model samples of PC a basic solution of sodi-

um hydroxide (NaOH) with concentration c = 1 mol/l or acidic hydrochloric acid (HCl) 

with concentration c = 1 mol/l was used to obtain the optimal pH at the interval of         

5.60 – 5.80. The calculated amount of solutions was subtracted from the total amount of 

water addition in order to maintain the desired DM content of the final product. These so-

lutions were added to the melt during the melting process at 85 °C. All types of model 

samples were produced in duplicate. The samples were stored at 6 ± 2 ° C and further ana-

lysed on the 2nd, 9th, 30th and 60th day after the production day (day 0). 

A basic chemical analysis was carried out which included the measurement of the pH of 

the developed samples and the determination of the DM content of the PC as well. More-

over, the textural profile analysis aimed at monitoring the textural characteristics of the 

samples, namely hardness, cohesiveness and relative adhesiveness. 

6.2 Production of model samples of processed cheeses 

The experimental part of the current thesis began with the production of the model samples 

of PC [with a DM content of 40 ± 2 % (w/w) and a FC in DM of 50 ± 2 % (w/w)]. 

The basic raw materials used for PC production are listed below: 

• (I) Akawi White-brined cheese [(DM content 48 % (w/w), FC in DM 38 % (w/w), 

maturity 2, 4, 8, 16 and 24 weeks (at 6 ± 2 °C), producer Mlékárna Olešnice, RMD, 

Olešnice, Czech Republic)], 
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• (II) Butter [(DM content 85 % (w/w), FC in DM 82 % (w/w), manufacturer 

Sachsenmilch Leppersdorf GmbH, Germany)], 

• (III) Mixture of ternary mixtures of ES: disodium hydrogenphosphate (DSP), tetra-

sodium diphosphate (TSPP), sodium salt of polyphosphate (P20) (producer Fosfa 

a.s., Břeclav, Czech Republic), trisodium citrate (TSC) (producer Merck, 

Dormstadt, Germany), 

• (IV) Water. 

Prior to the production of the PC desalination of the raw material (Akawi WBC) was reali-

sed. The proces of desalination was performed by soaking the natural cheese in plastic 

barrels (volume of 50 l) containing potable water. The water was changed every 3 hours. 

The desalination process was chosen due to a decrease the initial value of the salt content 

in the cheese used as raw material to approx. 2.5 % (data not shown). The ratio of water to 

natural cheese in the barrel was 8:1. The production of model PC was carried out using the 

Vorwerk Thermomix TM 31 – 1 equipment (Vorwerk & Co., GmbH, Wuppertal, Germa-

ny) at a melting temperature of 90 ± 1 °C with a duration of 1 minute. Adjustants of pH 

(NaOH or HCl) were added at 85 °C to reach values of pH of the samples in the range of 

5.60 – 5.80 (optimal pH of spreadable PC). The total melting time was 9 ± 2 minutes. 

Upon the completion of the melting process the resultant melt was transfered into polypro-

pylene cups (diameter 52 mm, height 50 mm) which were then sealed with aluminum caps. 

These samples were further stored at 6 ± 2 °C until the analyses were performed. 

6.3 Basic chemical analysis 

The basic chemical analysis included pH measurement and determination of DM content 

of the produced samples. The pH values were measured using a pH-meter with a pH glass 

electrode (pH Spear, Eutech Instruments, Oakton, Malaysia). In the experiment the pH-

meter was applied to each cup (respectively PC sample) in a total of three times in rando-

mly selected locations. The determination of DM content was performed according to ČSN 

EN ISO 5534 by drying the test sample at a temperature of 102 ± 2 °C up to constant 

weight loss [77]. 
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6.4 Textural profile analysis 

For the texture profile analysis, the TA.XT Plus device (Stable Micro Systems Ltd., 

Godalming, United Kingdom) was used. The texture analysis was performed by penetra-

ting the sample using a 20 mm diameter cylindrical probe to a depth of 10 mm. The speed 

of this probe was 2 mm/s. 

 

Fig. 4: Stress curve describing the dependence of deformation force (N) on time (s), ad-

justed according to [78] 

 

The values of hardness, cohesiveness and relative adhesiveness of the samples were moni-

tored. Figure 4 shows the curves describing the dependence of the force (N) applied to the 

deformation on the time (s) from which the values mentioned above were determined. 

 As hardness (N) of the sample is defined the force required to achieve product deformati-

on. The higher the maximum peak curve A, the harder the product is, and the more force it 

takes to deform the examined PC [26, 31, 79]. 

The relative adhesiveness is due to the work required to overcome the attractive forces 

between the surface of the PC and the surface of the probe. The relative adhesiveness was 

determined as the ratio of the absolute value of the negative peak B to the area of the posi-

tive peak A [26, 31, 79]. 

Cohesiveness is defined as the strength of the inner bonds that „make up“ the food. The 

evaluation is given by the ratio C:A [26, 31, 79]. 
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6.5 Statistical evaluation of data 

The measured and detected data were subjected to statistical analysis using the Kruskal-

Wallis test and the Wilcoxon test. All statistical evaluations were performed at a 5 % signi-

ficance level. The Unistat ver. 5.5 software was used for the calculations (Unistat, London, 

United Kingdom). 
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7 RESULTS AND DISCUSSION 

7.1 Basic chemical analysis 

7.1.1 Determination of dry-matter content 

The values of DM content of the processed cheese samples ranged from 40.16 – 41.11 % 

(w/w). This range corresponded to the target value of the DM content of the examined 

samples which was 40 % (w/w). Comparable values of DM content are necessary to ensure 

the standardity of the analysed samples because the DM content significantly influences 

the textural properties of PC [31, 80, 81]. 

7.1.2 Determination of pH values 

Processed cheese pH values significantly affect the consistency of PC and are dependent 

on the composition, type and amount of the applied ES [17, 31]. In evaluating the results of 

pH, it was found that, when separate ES were used, the highest pH values were obtained in 

the samples prepared with disodium hydrogenphosphate and tetrasodium diphosphate 

(DSP and TSPP). The pH values ranged from 5.51 to 6.27. On the contrary, the lowest pH 

values were in the range of 4.74 – 5.42 which were monitored by the application of the 

sodium salt of polyphosphate (P20) as sole ingredient. The pH values for PC with indivi-

dually applied trisodium citrate (TSC) behave similarly to DSP and TSPP salts. The op-

timum pH for spreadable PC is usually in the range of 5.6 – 6.1. These values are reported 

by Marchesseau et al. [17], Lu et al. [82], Buňka et al. [12]. Our goal was to achieve opti-

mal pH in the range of 5.6 – 5.8. Generally, with the increase in the content of the used ES, 

the hardness of the final products increases [2, 28]. Lee and Klostermeyer [31] reported 

that dry, hard and friable PC resulted from the formation of a low pH (in the range of 4.8 – 

5.2) using trisodium citrate, sodium phosphate and sodium metaphosphate. Marchesseau et 

al. [17] stated, at a lower pH than the optimum, caseins are approaching their isoelectric 

point (pH ~ 4,6). There is a reduction in the negative charge, thereby enhancing aggregati-

on and weakening the emulsification of the present fat in the PC. In addition, protein mo-

lecules are not sufficiently hydrated, causing the production of a dry and grained PC [17]. 

At high pH (> 6.0), a decrease in the electrostatic interactions (increase in the negative 

charge of proteins) can occur, which causes them to repel. This weakened gel is then mani-
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fested especially in a very soft consistency [17, 31] which can be confirmed also by our 

results. 

In the following figures (Figures 5 – 24) are depicted the results of pH values development 

using 2, 4, 8, 16 and 24 week natural cheese, depending on the composition of the ternary 

mixtures of ES and the storage duration (60 days in total). 

The pH values for the teranry mixture of ES composed of DSP:TSC:P20 mixture are 

shown in Figure 5 - 9. 

 

Fig. 5: pH of model samples of processed cheeses made from a two-week raw material 

depending on the composition of the ternary mixture DSP:TSC:P20 and storage duration 

(60 days) 
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Fig. 6: pH of model samples of processed cheeses made from a four-week raw material 

depending on the composition of the ternary mixture DSP:TSC:P20 and storage duration 

(60 days) 

 

 

Fig. 7: pH of model samples of processed cheeses made from a eight-week raw 

material depending on the composition of the ternary mixture DSP:TSC:P20 and 

storage duration (60 days) 
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Fig. 8: pH of model samples of processed cheeses made from a sixteen-week raw material 

depending on the composition of the ternary mixture DSP:TSC:P20 and storage duration 

(60 days) 

 

 

Fig. 9: pH of model samples of processed cheeses made from a twenty four-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSC:P20 and storage du-

ration (60 days) 
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Based on the pH results of model samples of PC using a combination of ternary mixture 

DSP:TSC:P20 and natural cheese using as raw material at varying maturity stages, a slight 

decrease in pH was observed during the storage period of all model samples of PC. This 

reduction in pH values is explained by Awad et al. [83], namely, by the hydrolysis of 

phosphate ES during the storage period [29, 83]. Howeever, decrease in pH values were 

observed not only for condensed phosphates but also for monophosphates in which no 

further hydrolysis is expected. Changing of the pH value in this situation can be explained 

by a possible change in the form of binding of presented ES. Polyphosphate hydrolysis 

takes place during the production of PC. The extent of these decomposition processes de-

pends on the length of the polyphosphate chain, the length of the processing time, the mel-

ting point and the storage time, respectively. Hydrolysis increases with the increasing valu-

es of the parameters mentioned above [21, 27, 34]. The present polyphosphates are pro-

gressively hydrolysed into monophosphates. The effect of hydrolysis of phosphates is to 

change the buffering capacity of ES and to decrease the affinity of ES for calcium ions, 

resulting in a decrease in the pH values. This phenomenon was described Muslow et al. 

[23], Shirashoji et al. [26] and Mizuno and Lucey [33]. 

Using the combination of ternary mixture DSP:TSC:P20, the lowest pH values were ob-

served when applying TSC salt as sole to the 8-week raw material; which was 4.66 ± 0.02. 

On the other hand, the maximum pH of the 8-week raw material which was 6.53 ± 0.02 

was observed in the ternary mixture at a ratio of 0:40:60. This phenomenon can be expla-

ined by the functional properties of ES. As a result of the addition of P20, the negative 

charge intensity increases in the casein chains, creating a looser matrix and thus, creating a 

dull consistency of the product with high pH values [23, 33, 84]. 

According to the figures presented below (Figure 10 – 14), during the storage period of the 

model samples using a ternary mixture of DSP:TSPP:TSC, was observed a slight decrease 

in the pH values. It was also observed that decreasing the TSPP content in the ternary mix-

tures resulted in a decrease in the pH of the end-products. At 100 % TSPP in the mixture, 

maximum pH values were observed in the range of 5.33 – 6.52. This phenomenon can be 

explained by the functional properties of TSPP. Mizuno and Lucey [33] indicated, that 

TSPP promotes gel formation of the present proteins and consequently reduces the negati-

ve charge of caseins [33, 85]. It can be said therefore, that with the increasing ratio of 

TSPP in the mixture, the negative charge and thus the pH of the final product increases. 
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Fig. 10: pH of model samples of processed cheeses made from a two-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:TSC and storage duration 

(60 days) 

 

Fig. 11: pH of model samples of processed cheeses made from a four-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:TSC and storage duration 

(60 days) 
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Fig. 12: pH of model samples of processed cheeses made from a eight-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:TSC and storage duration 

(60 days) 

 

Fig. 13: pH of model samples of processed cheeses made from a sixteen-week raw mate-

rial depending on the composition of the ternary mixture DSP:TSPP:TSC and storage du-

ration (60 days) 
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Fig. 14: pH of model samples of processed cheeses made from a twenty four-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:TSC and storage 

duration (60 days) 

 

In the following graphs (Figures 15 – 19) the pH values of the model samples of PC are 

expressed using the TSC:TSPP:P20 ternary mixture. 
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Fig. 15: pH of model samples of processed cheeses made from a two-week raw material 

depending on the composition of the ternary mixture TSC:TSPP:P20 and storage duration 

(60 days) 

 

 

Fig. 16: pH of model samples of processed cheeses made from a four-week raw material 

depending on the composition of the ternary mixture TSC:TSPP:P20 and storage duration 

(60 days) 
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Fig. 17: pH of model samples of processed cheeses made from a eight-week raw material 

depending on the composition of the ternary mixture TSC:TSPP:P20 and storage duration 

(60 days) 

 

 

Fig. 18: pH of model samples of processed cheeses made from a sixteen-week raw mate-

rial depending on the composition of the ternary mixture TSC:TSPP:P20 and storage du-

ration (60 days) 
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Fig. 19: pH of model samples of processed cheeses made from a twenty four-week raw 

material depending on the composition of the ternary mixture TSC:TSPP:P20 and storage 

duration (60 days) 

 

According to the figures above, the pH of the model samples of PC with an increasing 

amount of TSPP mixed with the TSC and with zero concentration of P20 increased. Incre-

asing the amount of P20 in the model samples showed a decreasing trend of pH. For the 

40:0:60 ternary mixture used during the processing, a maximum pH value of 7.33 ± 0.02 

was observed for the 4-week natural cheese. 

In the following figures (Figure 20 – 24), the pH values of the ternary mixture 

DSP:TSPP:P20 are shown. 
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Fig. 20: pH of model samples of processed cheeses made from a two-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:P20 and storage duration 

(60 days) 

 

 

Fig. 21: pH of model samples of processed cheeses made from a four-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:P20 and storage duration 

(60 days) 
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Fig. 22: pH of model samples of processed cheeses made from a eight-week raw material 

depending on the composition of the ternary mixture DSP:TSPP:P20 and storage duration 

(60 days) 

 

 

Fig. 23: pH of model samples of processed cheeses made from a sixteen-week raw mate-

rial depending on the composition of the ternary mixture DSP:TSPP:P20 and storage du-

ration (60 days) 
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Fig. 24: pH of model samples of processed cheeses made from a twenty four-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:P20 and storage 

duration (60 days) 

 

Based on the figures above, which characterize the pH of the model samples using the 

DSP:TSPP:P20 ternary mixture, we can say that during the storage period of the model 

samples of PC, there was a slight decrease in pH for all samples, irrespective of the maturi-

ty level of the applied natural cheese. With 20:40:40 ternary mixture, the pH reached its 

maximum of 6.58 ± 0.02. Further, we can say with the decreasing content of P20 in the 

mixture, the pH values increased significantly. Conversely, at 100 % of P20, the minimum 

pH values were 4.60 ± 0.02. 

7.2 Textural profile analysis 

7.2.1 Hardness 

The hardness results of the model samples of PC are shown in Figures 25 – 44. The 

following figures present the results of hardness determination using 2, 4, 8, 16 and 24 

week raw materials depending on the composition of the ternary mixture and the lenght of 

the storage period. 
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Fig. 25: Hardness of model samples of processed cheeses made from a two-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSC:P20 and storage pe-

riod (60 days) 

 

 

Fig. 26: Hardness of model samples of processed cheeses made from a four-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSC:P20 and storage pe-

riod (60 days) 
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Fig. 27: Hardness of model samples of processed cheeses made from a eight-week raw 

material depending on the composition of the ternary mixture DSP:TSC:P20 and storage 

period (60 days) 

 

 

Fig. 28: Hardness of model samples of processed cheeses made from a sixteen-week raw 

material depending on the composition of the ternary mixture DSP:TSC:P20 and storage 

period (60 days) 
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Fig. 29: Hardness of model samples of processed cheeses made from a twenty four-week 

raw material depending on the composition of the ternary mixture DSP:TSC:P20 and sto-

rage period (60 days) 

 

The change in final products consistency is contributed by the hydrolysis of polyphosphate 

ES used in the production of the model samples of PC. Using a combination of ternary 

mixture DSP:TSC:P20 (Figure 25 – 29), increasing hardness values were observed during 

the 60 day storage period. More intense growth of sample hardness was observed between 

the 2nd and 9th day of storage period, which was due to the more intense hydrolysis of po-

lyphosphates. Decomposition processes begin already during the melting process and con-

tinue during storage period. Polyphosphates are progressively hydrolyzed into simple 

phosphates. As a result of the decrease in the number of (PO4)3- groups in the chain, the 

affinity for calcium ions decreases, leading to their gradual release. Increased product 

hardness results from the inclusion of released calcium ions in the protein matrix. The 

increase in sample hardness values during storage were explained by Mizuno and Lucey 

[33], Shirashoji et al. [26], Nagyová et al. [5], or Awad et al. [82]. The increase in hardness 

values during storage period can be explained not only by the hydrolysis of the used ES 

(with two or more phosphorus atoms in the molecule) but also by possible changes of the 

bonds of the added ES and their degree of dissociation [5, 26, 33, 84]. 
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Moreover, regardless of the maturity stage of the natural cheese used (as raw material), the 

maximum values for the final product were observed at the application of the ES P20 as 

sole ingredient. In the absence of the P20 ES, the final product exhibited the lowest hard-

ness. Minimum hardness values (1.5 ± 0.2 N) were observed at 100 % of the DSP ES. 

With the increasing content of ES P20 in the mixture, the hardness of the final product also 

increased. Already from 20 % of P20, the hardness of the final product increased, maintai-

ning a constant trend up to 50:0:50. As mentioned above, the minimum values were obser-

ved when DSP ES was applied as sole substance. In the model samples with 100 % of TSC 

ES, the hardness values over the DSP slightly increased. This phenomenon can be expla-

ined by a different degree of dispersion of caseins. In the production of PC, phosphate ES 

play a very important role in the dispersion of caseins and also in the formation of the final 

matrix of PC. Mizuno and Lucey stated [85], that the higher the degree of dispersion of 

caseins, the more intensely these proteins are allowed to show their moisturizing and 

emulsifying capabilities and at the same time creating a more cross-linked structure [26, 

28, 85, 63]. Hence, the higher the degree of crosslinking in the product matrix, the harder 

the PC can be expected [26, 28, 85, 63]. The authors Mizuno and Lucey [85] further point 

out, that with the increasing number of phosphors bound in the phosphate molecule (poly-

phosphate > triphosphate > diphosphate > monophosphate), the degree of casein dispersion 

increases [85]. Therefore, when delivering P20 individually, thus the latter can provide the 

hardestt samples. 

Comparing the results on the basis of the maturity of the used raw material a decreasing 

tendency of the hardness values was observed, depending on the increasing maturity of the 

default raw material. Changes in hardness values depending on the maturity of the default 

raw material can be explained by the shortening of the chain length of casein fractions due 

to the wider proteolytic changes occurring in natural cheese during the ripenning process. 

Proteolysis is one of the most important biochemical phenomenon that takes place in the 

process of ripening of natural cheeses. During this phenomenon hydrolysis of the protein 

component occurs on peptides and FFA [13, 86, 87, 88]. Brickley et al. [89] studied the 

influence of the maturity of natural cheese (Cheddar cheese) on the texture and viscoelastic 

properties of its resultant PC. The proteolytic rate increased faster within the 28 days of its 

production. This phenomenon coincided with the highest decrease in the hardness of the 

PC. The shortening of the length of casein fractions due to ripenning of natural cheese re-
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sults in the formation of a less stable structure resulting in a decrease in the hardness of the 

model samples of PC. This was stated by Brickley et al. [89], Wang et al. [90]. 

The following graphs (Figure 30 – 34) show the behavior of hardness values when the ter-

nary mixture DSP:TSPP:TSC is used. 

 

Fig. 30: Hardness of model samples of processed cheeses made from a two-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSPP:TSC and storage 

period (60 days) 
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Fig. 31: Hardness of model samples of processed cheeses made from a four-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSPP:TSC and storage 

period (60 days) 

 

 

Fig. 32: Hardness of model samples of processed cheeses made from a eight-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:TSC and storage 

period (60 days) 

0,0

2,0

4,0

6,0

8,0

10,0

12,0

1
0

0
_0

_
0

5
0

_5
0

_
0

0
_1

0
0

_
0

4
0

_4
0

_
2

0

4
0

_2
0

_
4

0

2
0

_4
0

_
4

0

5
0

_0
_

5
0

0
_5

0
_

5
0

4
0

_0
_

6
0

2
0

_2
0

_
6

0

0
_4

0
_

6
0

0
_0

_
1

0
0

H
ar

d
n

e
ss

 [
N

]

DSP:TSPP:TSC

Day 2

Day 9

Day 30

Day 60

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

1
0

0
_0

_
0

5
0

_5
0

_
0

0
_1

0
0

_
0

4
0

_4
0

_
2

0

4
0

_2
0

_
4

0

2
0

_4
0

_
4

0

5
0

_0
_

5
0

0
_5

0
_

5
0

4
0

_0
_

6
0

2
0

_2
0

_
6

0

0
_4

0
_

6
0

0
_0

_
1

0
0

H
ar

d
n

e
ss

 [
N

]

DSP:TSPP:TSC

Day 2

Day 9

Day 30

Day 60



ΤΒU in Zlín, Faculty of Technology 64 

 

 

Fig. 33: Hardness of model samples of processed cheeses made from a sixteen-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:TSC and storage 

period (60 days) 

 

 

Fig. 34: Hardness of model samples of processed cheeses made from a twenty four-week 

raw material depending on the composition of the ternary mixture DSP:TSPP:TSC and 

storage period (60 days) 

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

1
0

0
_0

_
0

5
0

_5
0

_
0

0
_1

0
0

_
0

4
0

_4
0

_
2

0

4
0

_2
0

_
4

0

2
0

_4
0

_
4

0

5
0

_0
_

5
0

0
_5

0
_

5
0

4
0

_0
_

6
0

2
0

_2
0

_
6

0

0
_4

0
_

6
0

0
_0

_
1

0
0

H
ar

d
n

e
ss

 [
N

]

DSP:TSPP:TSC

Day 2

Day 9

Day 30

Day 60

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

1
0

0
_0

_
0

5
0

_5
0

_
0

0
_1

0
0

_
0

4
0

_4
0

_
2

0

4
0

_2
0

_
4

0

2
0

_4
0

_
4

0

5
0

_0
_

5
0

0
_5

0
_

5
0

4
0

_0
_

6
0

2
0

_2
0

_
6

0

0
_4

0
_

6
0

0
_0

_
1

0
0

H
ar

d
n

e
ss

 [
N

]

DSP:TSPP:TSC

Day 2

Day 9

Day 30

Day 60



ΤΒU in Zlín, Faculty of Technology 65 

 

The following phenomena can be derived from the hardness results when using the 

DSP:TSPP:TSC ternary mixture (Figure 30 – 34). During the storage of the samples of PC, 

the hardness values increased again. The lowest hardness of the model samples of PC 

showed the sample containing 100 % of TSPP salt. Samples with 100 % of DSP and TSC 

showed similar hardness values. A slight increase in hardness values of samples with a 

decreasing TSC concentration was observed, particularly in the 40:40:20, 40:20:40, 

20:40:40, and 0:50:50 ratios. 

Using the ternary mixture of DSP:TSPP:TSC, an interesting trend of hardness development 

of the model samples of PC was observed. In the absence of TSC in the mixture, maximum 

hardness values were achieved using a 1:1 mixture of DSP and TSPP. This rapid increase 

in samples hardness has been observed in the works of Salek et al. [91], Kaliappan and 

Lucey [92], Shirashoji et al. [26] and Mizuno and Lucey [33]. To clarify the above pheno-

menon, the specific properties of the individual phosphates should be taken into account. 

The reason for the existence of a specific ratio of DSP:TSPP has been found in particular, 

in the ability of diphosphates to promote the formation of a milk protein gel. The ability of 

monophosphates to penetrate cross-linking caseins and bind water tightly to the formation 

of a solid gel [26, 82, 84] is also likely to play a possible role. 

Mizuno and Lucey added [33], that there is a certain optimum concentration of diphospha-

tes that is capable of efficient gel formation. Moreover, with excessive or insufficient con-

centration of diphosphates, weak gels may occur [84]. Kaliappan and Lucey [92] noted, 

that the mixture of ES composed of monophosphates and diphosphates strongly promotes 

gel formation in model milk systems which could be explained by the ability of mo-

nophosphates to bind onto casein molecules and to promote protein hydration. 

In the case of TSC and TSPP content in a 1:1 ratio, a slight increase in hardness was ob-

served. According to Mizuno and Lucey [33] and Lu et al. [93], TSC does not bind to 

caseins and does not interfere with the process of crosslinking the casein matrix. However, 

by adding TSC, the TSPP concentration may be adjusted to achieve its optimum in order to 

promote the formation of casein gel [33, 92, 93]. 

Figures 35 – 39 shows the behavior of hardness values using the ternary mixture of 

TSC:TSPP:P20. 
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Fig. 35: Hardness of model samples of processed cheeses made from a two-week raw ma-

terial depending on the composition of the ternary mixture TSC:TSPP:P20 and storage 

period (60 days) 

 

 

Fig. 36: Hardness of model samples of processed cheeses made from a four-week raw ma-

terial depending on the composition of the ternary mixture TSC:TSPP:P20 and storage 

period (60 days) 
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Fig. 37: Hardness of model samples of processed cheeses made from a eight-week raw 

material depending on the composition of the ternary mixture TSC:TSPP:P20 and storage 

period (60 days) 

 

 

Fig. 38: Hardness of model samples of processed cheeses made from a sixteen-week raw 

material depending on the composition of the ternary mixture TSC:TSPP:P20 and storage 

period (60 days) 
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Fig. 39: Hardness of model samples of processed cheeses made from a twenty four-week 

raw material depending on the composition of the ternary mixture TSC:TSPP:P20 and 

storage period (60 days) 

 

When using the TSC:TSPP:P20 ternary mixture (Figures 35 – 39), a similar trend was ob-

served as for the ternary mixture used before (DSP:TSPP:TSC). In the absence of P20 in 

the mixture, it was observed that from 100 % of TSC in the mixture, the hardness of the PC 

gradually increased up to a TSC:TSPP ratio of about 1:1 to reach the maximum hardness 

values. Even this specific ratio had a considerable effect on the textural properties of the 

model cheese samples. There is no clear explanation for this phenomenon with regard to 

the interaction between the TSC and TSPP in the examined mixtures. Lu et al. [93], Kalia-

ppan and Lucey [92], Mizuno and Lucey [33] and Salek et al. [91] stated, TSC does not 

bind to casein proteins and therefore, does not engage in the process of creating a new 

network. TSC therefore, does not interfere with the effect of diphosphates on cross-linking 

caseins. A possible explanation, according to Mizuno and Lucey [33], may be the fact that 

diphosphates promote the formation of the casein protein gel only if they are in optimal 

concentration relative to the protein content. The addition of TSC at optimal concentration 

relative to the protein content. By adding TSC, the TSPP concentration can be adjusted to 

achieve its optimal concentration to support casein gel formation [84]. 
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At 20 % of P20, the hardness of the PC began to grow to 50:0:50, where the growing trend 

changed into a constant trend. At a 100 % of TSC and a TSPP as sole, minimum hardness 

values for model samples of PC were found while 100 % of P20 was the maximum. As in 

the previous cases, the increasing tendency of hardness, depending on the storage time was 

observed using the TSC:TSPP:P20 ternary mixture and the trend decreasing depending on 

the maturity of the raw material was once again identified. 

In the following figures (Figures 40 – 44) the hardness values of the model samples of PC 

are expressed using the DSC:TSPP:P20 ternary mixture. 

 

Fig. 40: Hardness of model samples of processed cheeses made from a two-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSPP:P20 and storage 

period (60 days) 
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Fig. 41: Hardness of model samples of processed cheeses made from a four-week raw ma-

terial depending on the composition of the ternary mixture DSP:TSPP:P20 and storage 

period (60 days) 

 

 

Fig. 42: Hardness of model samples of processed cheeses made from a eight-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:P20 and storage 

period (60 days) 
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Fig. 43: Hardness of model samples of processed cheeses made from a sixteen-week raw 

material depending on the composition of the ternary mixture DSP:TSPP:P20 and storage 

period (60 days) 

 

 

Fig. 44: Hardness of model samples of processed cheeses made from a twenty four-week 

raw material depending on the composition of the ternary mixture DSP:TSPP:P20 and 

storage period (60 days) 
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The effects of phosphate ES on the textural properties of PC have already been the subject 

of many studies, so these figures (Figure 40 – 44) serve only to compare the results. A ter-

nary mixture of DSP:TSPP:P20 ES was used. At a 50:50:0 ratio regardless of the maturity 

of the raw material, maximum hardness values were observed. With a higher P20 ratio the 

hardness of all samples decreased by up to 50 %. With a 50:0:50 ratio, the values reported 

a constant trend. This phenomenon can be explained by the functional properties of the 

P20 ES. According to Shirashoji et al. [94] and Mizuno and Lucey [84], polyphosphates 

show the ability to form solid complexes with calcium and sufficient rate of dispersion of 

caseins. In contrast, they are considered to be inhibitors of the gel. Due to the addition of 

P20, an increase in the negative charge on the casein chains results in an increase in repell-

ent forces between these polymers and a consequent decrease in hardness values. 

Looking at the ES with amount of 100 % in the mixture we could report, that the highest 

hardness values showed samples with 100 % of P20. 

During the 60-day storage period of the model samples of PC, significant hardness changes 

occurred. As the storage time increased, the hardness of the PC was increased. 

7.2.2 Cohesiveness and relative adhesiveness 

During the 60-day storage period, samples of PC were observed to increase cohesiveness 

values and decrease in relative adhesiveness. 

With the use of 1:1 DSP:TSPP ES, the cohesiveness and relative adhesiveness values of 

the model samples of PC decreased. With the increasing addition of P20 in the mixture, 

this decreasing trend was less intensive. 

Moreover, the more mature raw material was used, the lower the cohesiveness values were 

observed. The same trend was also observed for hardness values. This decrease, with 

increasing maturity of natural cheese is caused by proteolysis and decay of the protein 

network of natural cheese [82]. When observing the values of relative adhesiveness with 

respect to the maturity of raw material, a slight increase was recorded, which is confirmed 

by the available literature [60, 95]. 
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CONCLUSION 

The thesis was focused on the study of the effect of the maturity stage of Akawi White-

brined cheese on the consistency of processed cheese with different emulsifying salt com-

position during a 60-day storage time. The model samples of processed cheeses were made 

using 4 combinations of ternary mixtures of emulsifying salts that were subjected to basic 

chemical analysis and textural profile analysis during storage (2nd, 9th, 30th and 60th days). 

Based on the measured results it could be reported: 

• The dry-matter content of the model samples of processed cheeses ranged from 

40.16 – 41.11 % (w/w), corresponded to the target value of the dry-matter content 

of the samples, which was 40 % (w/w), 

• In the individual application of the DSP, TSPP and TSC emulsifying salts, pH va-

lues exceeding 6.52 ± 2 were observed, 

• At 100 % of P20 application, pH values ranged from 4.60 – 5.87, 

• During the 60-day storage period, a slight decrease in the pH of the samples of pro-

cessed cheese was recorded, regardless to maturity of the raw material, 

• At 100 % concentration of the individual emulsifying salts it was found, the highest 

hardness reached the sample using P20; for the TSPP and TSC the hardness of the 

model samples was higher than the 100 % DSP representation (P20 > TSPP ~ TSC 

> DSP) 

• With a prolonged maturity period, a decreasing tendency of hardness values was 

observed irrespective of the combination of the ternary mixture, 

• A rapid increase in hardness of the model samples of processed cheeses in the DSP 

and TSPP emusifying salt in the ratio of 1:1, 

• During 60-day storage period, samples of processed cheese were observed to incre-

ase cohesiveness values and decrease in relative adhesiveness, 

• With a prolonged maturity of the raw material, lower cohesiveness values and 

increasing relative adhesiveness values were observed. 

In general, it could be stated that the hardness of the model samples of processed cheeses 

was influenced both by the composition of the used ternary mixtures of emulsifying salts, 

the lenght of the storage period and the maturity degree of the applied raw material. 
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