
The effect of selected phosphate emulsifying salts on viscoelastic properties of 
processed cheese 

    
Ivana Sádlíková3, František Buňka •*, Pavel Budinský3, Voldánová Barbora , Vladimír Pavlínekc, Ignác 

Hoza 3 

A B S T R A C T

T h e  a i m  o f  this study was to investigate the effect of selected phosphate emulsifying salts (Na3P04, Na2HP04, Na4P207, Na2H2P207, NasPaOio, sodium 

polyphosphate) and their selected mixtures (sodium polyphosphate + Na2HP04; sodium polyphosphate + Na4P207) on the viscoelastic properties of model processed 

cheese (dry matter — 40 g/100 g; fat in dry matter — 50 g/100 g). Viscoelastic properties of model samples stored at 6 ± 2 °C were investigated by dynamic oscillation 

rheometry (plate—plate geometry; frequency range 0.1—50.0 Hz; temperature 20 °C). Processed cheese manufactured with different phosphates showed various pH 

values and different viscoelastic properties. The firmness of samples increased due to use of particular types of tested phosphates. Their influence on cheese firmness 

increased in the following order: orthophosphate < polyphosphate < diphosphate < triphosphate. The increasing content of polyphosphate (up to 50%) in the binary 

mixture of polyphosphate and orthophosphate or polyphosphate and diphosphate caused the increase of firmness of model samples. The content of polyphosphates 

above 50% in the binary mixture led to decrease of firmness of model processed cheese. 

1. Introduction 

Processed cheese is a dairy product manufactured from natural 

cheese and suitable emulsifying salts (e.g. sodium salts of phosphates, 

polyphosphates and citrates). Its matrix is formed under a partial 

vacuum, constant agitation and upon heating. Other optional dairy 

(butter, skim milk powder, whey powder, coprecipitates, caseinates, etc.) 

and non-dairy ingredients (water, vegetables, spices, flavourings, 

colourings, salt, hydrocolloids, etc.) can be added into the blend (Guinee, 

Carič, & Kaláb, 2004; Lee, Anema, & Klostermeyer, 2004). The 

consistency of processed cheese can be influenced by many factors such 

as type and maturity of natural cheese, pH of cheese melt, type and 

concentration of emulsifying salt, processing conditions, dry matter 

content, fat content, presence and concentration of ions (especially 

calcium), use of hydrocolloids, etc. (Bowland & Foegeding, 2001; 

Černíková et al., 2008; Dimitreli & Thomareis, 2007; Guinee et al., 2004; 

Gustaw & 

Mleko, 2007; Lee et al., 2004; Lu, Shirashoji, & Lucey, 2007; 

Marchesseau, Gastaldi, Lagaude, & Cuq, 1997; Piska & Štětina, 2004; 

Shirashoji, Jaeggi, & Lucey, 2006). 

Emulsifying salts are essential in the formation of uniform structure 

of processed cheese. Sodium phosphates, polyphosphates and citrates 

represent the most commonly used ones. Their important role is to 

enhance the emulsifying capability of cheese proteins by removing 

calcium from caseins and by peptizing, hydrating and dispersing the 

protein. Additional effects the above salts show are pH increase (in the 

majority of cases) and buffering, stabilisation of oil-in-water emulsion 

and structure formation (Guinee et al., 2004; Mulsow, Jaros, & Rohm, 

2007). However, only limited information about the effect of individual 

phosphate emulsifying salts and the effect of binary mixtures of 

individual phosphates on viscoelastic properties of processed cheese has 

been found in available literature. 

The objective of this research was to investigate the influence of 

selected phosphate emulsifying salts (Na3P04, Na2HP04, Na4P207, 

Na2H2P207, NasPsOio, sodium polyphosphate) and their binary mixtures 

(sodium polyphosphate + Na2HP04; sodium polyphosphate + Na4P207) on 

viscoelastic properties of model 



processed cheese (dry matter — 40 g/100 g; fat in dry matter — 50 g/ 

100 g). 

2. Materials and methods 

2.2. Sample preparation 

Edam block cheese (dry matter — 50 g/100 g, fat in dry matter — 30 

g/100 g; 8—10 weeks old), deionised water (for keeping of constant ion-

conditions), butter (dry matter - 84 g/100 g, fat - 82 g/100 g) and 

sodium salts of orthophosphates, diphosphates, triphosphates and 

polyphosphates (3 g/100 g of processed cheese; Na3P04, Na2HP04, 

Na4P207, Na2H2P207, NasPsOio, sodium polyphosphate; Fosfa a.sM 

Bfeclav-Postorna, Czech Republic) were used for preparation of model 

processed cheese (dry matter — 40 g/ 100 g; fat in dry matter - 50 g/100 

g). All samples were manufactured using a 2-L capacity Vorwerk 

Thermomix TM 31 blender cooker (Vorwerk & Co. Thermomix; GmbH, 

Wuppertal, Germany). Edam block cheese, butter and a mixture of 

phosphates (or an individual phosphate) were premixed in the cooker at 

high agitation followed by water addition. Under constant agitation, the 

mixture was heated in the cooker to 90 °C and then heated for 1 min at 

the same temperature. Packed samples (100 g doses) were cooled and 

stored in a refrigerator at 6 ± 2 °C. The total amount of one batch was 

approximately 700 g and each batch was manufactured in duplicate. 

At the beginning of the experiment (first stage of work), two groups of 

model processed cheeses (Group I and II) with addition of various 

phosphates (3.0 g/100 g of cheese; Na3P04, Na2HPC>4, Na4P207, 

Na2H2P207, NasPsOio, sodium polyphosphate — PoP) were prepared. 

Each of these two groups included 6 batches that differed only in 

emulsifying salt applied (see Table 1). In addition, pH of model samples 

in Group II were adjusted by hydrochloric acid or sodium hydroxide to 

practically similar level (approximately to 

5.5— 6.0). The above chemicals were added when the melt was 

heated to 85 ± 1 °C. 

The second part of this study explored the influence of mixture of two 

different phosphates on viscoelastic properties of model processed 

cheese. Four groups of samples (Groups III—VI; see Table 1) were 

manufactured and each group included 5 batches differing only in the 

ratio of phosphates in the mixture. Manufacturing samples in Groups III 

and IV, a binary mixture of polyphosphate and orthophosphate 

(PoP:Na2HP04) was folded in and processed 

cheeses in Groups V and VI were prepared with mixture of polyphosphate 

and diphosphate (PoP:Na4P207). The ratio of sodium phosphates in the 

mixture was gradually changed in the following order; 

100:0,75:25,50:50,25:75 and 0:100 (the first number refers to 

polyphosphate and the second one represents quantity of ortho- or 

diphosphate in the mixture). The values of pH of processed cheeses in 

Groups IV and VI were adjusted by hydrochloric acid or sodium 

hydroxide to practically similar level (approximately to 

5.5—6.0). 

All groups of model processed cheese (i = I—VI) were manufactured 

according to the same technology separately on different days. Model 

samples were produced from Edam block cheese of different batches 

obtained from one producer. The different batches of Edam block cheese 

were chosen to simulate the real industrial practice because there are 

processed Edam cheeses of different degree of maturity and different 

batches. 

2.2. Chemical analysis 

After 14 days of storage at 6 ± 2 °C, pH, dry matter and fat content in 

model processed cheeses were analysed. Dry matter was determined by 

drying at 102 ± 2 °C according to ISO 5534:2004. Fat content was 

measured by the method of van Gulik according to ISO 3433:2008. 

Values of pH were determined by a Gryf 208 L pH- meter with THETA 90 

HC 113 glass electrode (Gryf, Havlíčkův Brod, Czech Republic) at 20 ± 2 

°C. Chemical analyses were conducted in triplicate. 

2.3. Rheological analysis 

Viscoelastic properties of processed cheese were investigated using a 

controlled stress Bohlin rheometer (Bohlin GEMINI, Malvern Instruments 

Ltd., Malvern, UK) with parallel plates geometry (40 mm diameter, 1 mm 

gap) at 20.0 ± 0.1 °C. Linear viscoelastic region was determined by 

amplitude sweep test while frequency sweep mode was used to evaluate 

viscoelastic properties of model samples. The storage (G;) and loss (G") 

moduli were measured in the 0.1—50.0 Hz frequency range. The loss 

tangent (tan <5) and complex modulus (G*) for the reference frequency 1 

Hz were calculated according to Eq. (1) and (2) (Gabriele, de Cindio, & 

D'Antona, 2001; Gunasekaran & Ak, 2000): 

The value of reference frequency 1 Hz was recommended in available 

literature (Bennett et al, 2006; Lu et al., 2007; Piska & Štětina, 2004). 

Dynamic rheological measurements of samples were carried out after 14 

days of storage at 6 ± 2 °C. 

The viscoelastic properties of processed cheese were also evaluated by 

application of Winter’s critical gel theory (Winter & Chambon, 1986), 

which was recommended for food samples by Gabriele et al. (2001). The 

complex modulus (G*) can be expressed by: 

where CJ is the frequency, (Ap) is the gel strength and (z) is the interaction 

factor, i.e. the number of structure units interacting with one another in 

a three-dimensional network. The higher is the interaction factor, the 

more interactions occur in sample matrix (Gabriele et al., 2001; 

Martinez-Ruvalcaba, Chornet, & Rodrigue, 2007). 



2.4. Statistical analysis 

Results obtained from chemical and Theological analyses were 

statistically evaluated by parametric t-test using the Unistat 5.5 

statistical programme. Results were evaluated as significantly different 

when P < 0.05. 

3. Results and discussion 

3A. Chemical analysis 

The following values illustrate dry matter content (g/100 g) in 

analysed samples: 42.10—42.85 (Group I), 41.90—42.98 (Group II), 

41.82-42.61 (Group III), 42.06-43.67 (Group IV), 42.07-^3.88 (Group V) 

and 42.38—42.99 (Group VI). Fat content (g/100 g) ranged between the 

following values: 21.0-22.0 (Group I), 21.0-22.5 (Group II), 21.0-21.5 

(Group III), 22.0-22.5 (Group IV), 22.0-23.0 (Group V) and 

21.5— 22.5 (Group VI). Viscoelastic properties of processed cheese 

are substantially affected by chemical composition of the product (Lee et 

al., 2004; Marchesseau et al., 1997; Piska & Štětina, 2004). Similar 

contents of the above cheese constituents allowed the comparison of the 

effect of various sodium phosphates (or their mixtures) on the 

viscoelastic properties of processed cheese. 

3.2. Processed cheese containing individual sodium phosphates 

3.2.1. Assessment of pH — processed cheese without pH adjustment The values of 

pH of model processed cheese in Group I manufactured with addition of 

different sodium phosphates are given in Table 2. These values varied 

significantly from 4.67 to 6.93. According to scientific literature, the pH 

optimum for obtaining suitable structural and sensory properties of 

processed cheese should oscillate between 5.5 and 6.0 (Guinee et al., 

2004; Lee & Klostermeyer, 2001; Lu et al., 2007; Marchesseau et al., 

1997). Optimal pH was found only in samples with PoP. Compared to 

natural cheese (raw material for processed cheese production, its pH ~ 

5.6—5.8), the usage of other phosphates caused mostly the increase of 

pH values of the processed cheese. The application of disodium 

dihydrogen diphosphate (Na2H2P20y) was the only exception (pH * 4.67). 

The values of pH of model processed cheese increased due to various 

phosphates usage in the following order: PoP < Na2HPC>4 < NasPaOlo < 

Na4P2C>7 < NasPCU. Generally, it can be said that sodium salts of 

phosphates change the pH of the cheese blend (they usually cause 

increase of blend pH) and contribute to pH stabilisation due to their 

buffering capacity (Guinee et al., 2004; Molins, 1991; Mulsow et al., 

2007). 

3.2.2. Rheology — processed cheese without pH adjustment 

The results for model processed cheese in Group I obtained by 

rheological measurement are given in Table 3. The addition of 

Table 2 

The values of pH of model processed cheese manufactured with different sodium 

phosphates (Groups I and II)a. 

a Values of pH are expressed as mean ± standard deviation. The values of pH of 

processed cheeses in Group II were adjusted practically to similar level by using an acid 

(HC1) or a base (NaOH). 

various phosphate emulsifying salts caused formation of products with 

different viscoelastic properties. The lowest values of storage and loss 

moduli were found in samples made with orthophosphates (Na3PC>4 or 

Na2HP04). Moreover, loss modulus value was always higher than that of 

storage modulus. It means that viscoelastic properties of processed 

cheese with orthophosphates differed from typical qualities of spreadable 

type of processed cheese. These samples behaved rather like a fluid than 

like processed cheese spreads with three-dimensional network. Model 

samples manufactured with tetrasodium diphosphate (Na4P207) had 

higher values of moduli compared to processed cheese with 

orthophosphates (NasPCU or Na2HP04). The diphosphate gave processed 

cheese desirable characteristics. Model processed cheese containing 

sodium tripolyphosphate (NasPsOio) possessed the highest values of both 

moduli; this sample proved to be the most rigid one among all the others 

(P < 0.05). The application of sodium polyphosphate (PoP) caused the 

formation of products less rigid than the samples with sodium 

tripolyphosphate but substantially firmer than the processed cheese with 

ortho- or diphosphates (P < 0.05). Table 3 also shows the values of loss 

tangent. The smaller is the value of loss tangent, the more elastic is the 

tested material. The above mentioned results were also confirmed by 

data obtained by application of Winter’s critical gel theory. The higher 

number of phosphate groups contained the emulsifying salt molecule, 

the higher increase of interaction factor and gel strength was observed. 

This can be explained by the ability of phosphates to attach to the 

protein molecules (especially via calcium bridges), i.e. the more 

phosphate groups were present, the more groups could interact. 

According to Lucey, Johnson, and Horne (2003), phosphates that are 

associated with casein might act as cross-linking agents by bridging (e. 

g. via calcium) within or between casein molecules. The higher gel 

strength can be explained by more interactions occurring in samples. 

The above mentioned rheological results obtained by analyses of 

samples in Group I are presented in Fig. 1 as a graph which shows the 

dependence of the complex modulus G* on frequency. As apparent, the 

complex modulus increased in the whole tested frequency range. This 

figure also illustrates that orthophosphate was the least effective 

phosphate in the formation of processed cheese network. Diphosphate 

and triphosphate followed the orthophosphate values. 

The effectiveness of various phosphates in formation of rigid structure 

increased in the following order: orthophosphate < polyphosphate < 

diphosphate < triphosphate. Hence, samples manufactured with di- and 

triphosphates proved to be the most rigid ones. This fact can be 

explained by their ability to support the formation of three-dimensional 

network (Guinee et al., 2004). Mizuno and Lucey (2005) claim that some 

types of phosphates, especially diphosphates, can induce gelation or 

aggregation by the formation of caseinate-Ca phosphate complexes under 

specific conditions, even in dilute protein solutions. Diphosphates and 

triphosphates can also strongly support fat emulsification (Awad, Abdel-

Hamid, El-Shabrawy, & Singh 2002). According to Rayan, Kaláb, and 

Ernstrom (1980), poor emulsification results in soft processed cheese, 

whereas well emulsified cheese shows the highest firmness. 

Furthermore, processed cheese with disodium dihydrogen 

diphosphate (Na2H2?207) was prepared. However, this product could not 

be subjected to rheological analyses because of crumble consistency. 

Moreover, this emulsifying salt (alone) failed to give stable emulsion; this 

sample exhibited water separation and oiling- off. According to 

Marchesseau et al. (1997) and Mulsow et al. (2007), low pH (4.8—5.2) 

usually yields short, crumbly and granular cheeses with high 

susceptibility to fat separation. The above mentioned phenomena can be 

probably elucidated by very low pH 



Table 3 

The values of storage modulus, loss modulus, loss tangent, gel strength and interaction factor for the reference frequency 1 Hz in tested processed cheese prepared with various sodium 

salts of phosphates (Groups I and III3. 

a Storage modulus (G'), loss modulus (G"), gel strength (Ap) and interaction factor (z) are expressed as mean ± standard deviation; tan 5 = CjG. Mean values within the group having the 

same superscript letter in each column are not significantly different (P > 0.05). PoP — sodium polyphosphate; pH of model processed cheeses in Group II was adjusted by using an acid 

(HC1) or a base (NaOH). b n — sample could not be measured. 

value which is very close to isoelectric point of caseins and thus 

attractions between proteins can lead to the increase of casein 

aggregation. Hence, fat is not effectively emulsified and continuous 

protein matrix is not formed in such processed cheese (Gupta, 

Karahadian, & Lindsay, 1984). 

3.2.3. Assessment of pH — processed cheese with pH adjustment 

It is well known that pH value affects viscoelastic properties of 

processed cheese (Lee & Klostermeyer, 2001). So, an experiment with pH 

adjustment of cheese was realized. Just as in a study by Shirashoji et al. 

(2006), pH was adjusted to 5.5—6.0 with respect to common 

manufacturing conditions. The wide range of pH of model samples 

prepared in Group II was narrowed to 5.55—5.62 (see Table 2). 

3.2.4. Rheology — processed cheese with pH adjustment 

Results for processed cheese in Group II obtained by rheological 

measurement and by application of Winter’s critical gel theory are given 

in Table 3. Similar trends like in the previous group of cheese were 

observed even when pH (factor affecting consistency of processed cheese) 

was adjusted. Model samples with orthophosphate showed the least 

firmness, processed cheese with diphosphates 

had higher values of storage and loss moduli and the most rigid 

products were prepared with triphosphate. 

Processed cheese manufactured with disodium dihydrogen 

diphosphate (Na2H2P2C>7) could be analysed after pH adjustment. The 

increase of pH (to ~ 5.6) resulted in the formation of a homogeneous 

three-dimensional network where water and fat separation as well as 

protein aggregation were not observed sensorially. As pH increased, 

protein molecules (carboxyl groups) became negatively charged and 

attractions between protein chains decreased. These changes resulted in 

increase of casein hydration and in formation of a more open reactive 

structure with higher water-binding capability and better emulsifying 

properties (Guinee et al., 2004; Marchesseau et al., 1997; Molins, 1991: 

p. 261). The usage of both diphosphates (Na4?207 and Na2H2?207) caused 

the formation of model processed cheese with similar viscoelastic 

properties (see Table 3). Generally, both diphosphates demonstrated 

almost the same efficiency in the formation of the processed cheese 

structure. 

3.3. Processed cheese containing the mixture of two sodium phosphates 

Fig. 1. Dependence of the complex modulus (G*) on frequency (f) for products in Group I 

containing various sodium salts of phosphates - Na3P04 (■), Na2HP04 (▼), Na4P207 (A), 

Na5P3O10 (x), PoP(O). 

3.3.1. Assessment of pH — processed cheese without pH adjustment The values of pH 

of samples manufactured with the addition of two phosphates (PoP: 

Na2HPÛ4 - Groups III, IV; PoP:Na4P207 - Groups V, VI) are given in Table 4. 

The pH of processed cheese increased gradually with the decrease of 

polyphosphate content and with the rise of orthophosphate or diphosphate 

amount in the blend. Abdel-Hamid, El-Shabrawy, Awad, and Singh (2000) 

report the same trend of pH changes in processed cheese made with the 

Table 4 

The values of pH of model processed cheese manufactured with mixtures of two sodium 

phosphates (PoP;Na2HP04 - Groups III and IV; PoP:Na4P207 - Groups V and VI)a. 

a Values of pH are expressed as mean ± standard deviation. PoP — sodium pol-

yphosphate. Values of pH of model processed cheeses in Groups IV and VI were adjusted 

by using an acid (HC1) or a base (NaOH). 



mixture of emulsifying salts composed of sodium polyphosphate and 

sodium diphosphate (Na4P2Û7) in various ratios. 

3.3.2. Rheology — processed cheese without pH adjustment 

Results from rheological analysis of model cheeses in Groups III and 

V are given in Table 5. The growing polyphosphate amount in the blends 

of two phosphates caused firstly increase of elastic and loss moduli (P < 

0.05) and decrease of loss tangent values. It reflects the increase of 

processed cheese elasticity. When the content of polyphosphate in the 

blend achieved a specific level (usually « 50% of polyphosphate in the 

blend), the values of both moduli started to drop and the loss tangent 

began to increase. The dependence of complex modulus on frequency 

applied to samples of processed cheese in Group V containing the 

mixture of PoP and Na4P2Û7 in five different ratios are presented in Fig. 

2. It shows the initial increase of rigidity, which is followed by the 

decline of firmness caused by gradual increase of polyphosphate amount 

in the mixture of two phosphates. 

The initial increase of firmness and elasticity of samples could be 

caused by the gradual hydrolysis of polyphosphate whose amount 

increased in the mixture subsequently. Linear condensed phosphates 

undergo hydrolysis to various extents during processing (melting) and 

storage of processed cheese (Guinee et al., 2004). Hydrolysis of 

polyphosphates proceeds rapidly to give triphosphates and 

diphosphates, and then, more slowly, to form monophosphates and it 

causes a significant hardening of processed cheese (Guinee et al., 2004; 

Kapoor & Metzger, 2008; Mulsow et al, 2007; Schär & Bosset, 2002). 

Products of hydrolysis, mainly triphosphates, possess high ability to 

aggregate casein, which leads to formation of a more rigid and elastic 

product (Guinee et al., 2004; Mizuno & Lucey, 2005). Hence, the more 

polyphosphates in the binary mixture, the higher number of 

triphosphates supporting the cross-linking in processed cheese. Once 

the polyphosphate amount in the mixture of two phosphates reaches a 

specific level, the quantity of unhydrolysed polyphosphates or their 

longer hydrolysed products can prevail over the triphosphate or diphos-

phate levels. These unhydrolysed polyphosphates or their longer 

hydrolysed products can bind calcium cations, which were 

Table 5 

The values of storage modulus, loss modulus, loss tangent, gel strength and interaction factor for the reference frequency 1 Hz in tested processed cheese with the mixture of sodium salts 

of phosphates in various ratios (PoP:Na2HP04 — Groups III and IV; PoP:Na4P207 — Groups V and VI)a. 

Values of pH of model processed cheeses in Group II were adjusted by using an acid (HC1) or a base (NaOH). 
a Storage modulus (G;), loss modulus (G"), gel strength (AF) and interaction factor (z) are expressed as mean ± standard deviation; tan <5 = G"/G'. Mean values within the group having 

the same superscript letter in each column are not significantly different (P > 0.05). PoP — sodium polyphosphate. 

Fig. 2. Dependence of the complex modulus (G*) on frequency (/) for products in Group V 

containing the mixture of two sodium salts of phosphates (PoP:Na4P207) in five different 

ratios - 0:100 (■); 25:75 (O), 50:50 (A), 75:25 (♦), 100:0 (▼). 

previously sequestrated by emulsifying salts too strongly. Ca2+ ions play 

important role in the formation of stable products. A part of these ions is 

released from emulsifying salts during cooling and they can participate in 

formation of three-dimensional network. The more calcium ions occur in 

melt, the more interactions in three-dimensional network of processed 

cheese can take place (Acharya & Mistry, 2007). However, 

polyphosphates exhibit very high ability to sequester calcium (Guinee et 

al., 2004; Kapoor & Metzger, 2008; Mulsow et al., 2007). These cations 

are bound very tightly to polyphosphates, which prevents them from 

cross- linking, i.e. a product with lower number of interactions is formed 

(Mulsow et al., 2007). This conclusion is supported by values of the 

interaction factor in Table 5, which are lower in mixtures with the 

prevalence of polyphosphates than in the mixtures containing the same 

ratio of polyphosphate and orthophosphate or diphosphate. 



 

3.3.3. Processed cheese with pH adjustment 

The pH values of samples ranged from 5.69 to 5.80 in Group IV and 

from 5.49 to 5.78 in Group VI after pH adjustment (see Table 4). 

Rheological properties of processed cheese in Groups IV and VI are 

given in Table 5. The dependence of viscoelastic properties of processed 

cheese on the sodium polyphosphate content in the mixture of two 

emulsifying salts showed a trend similar to the tendency revealed in the 

model samples without pH adjustment. 

It can be assumed that pH is not the most important factor affecting 

viscoelastic properties of studied processed cheese. Hence, these 

properties are influenced also by other aspects, for example by the type 

of used emulsifying salt, the ratio of various phosphates in phosphate 

blend, the degree of phosphate hydrolysis, the sequestering ability of 

different phosphates, etc. Moreover, various factors can mutually 

influence each other. All these aspects should be considered while 

evaluating the processed cheese consistency (Guinee et al., 2004; Kapoor 

& Metzger, 2008; Mulsow et al., 2007). 

4. Conclusion 

The effect of different sodium phosphate emulsifying salts or their 

mixtures on pH and viscoelastic properties of processed cheese was 

investigated. Various phosphates affected the pH value of samples and 

their viscoelastic properties significantly. Optimal pH was found only in 

samples manufactured with sodium polyphosphate. Model processed 

cheese with disodium dihydrogen diphosphate had very low pH values. 

The pH of processed cheese increased due to the presence of various 

phosphates in the following order: PoP < Na2HP04 < NasPsOio < Na4P207 

< Na3P04. The softest processed cheeses were manufactured using 

orthophosphates; the application of polyphosphates caused the 

formation of firmer processed cheese and the samples with diphosphate 

and triphosphate proved to be the most rigid ones due to their highest 

ability to support gelation in processed cheese matrix. The initial 

increase of sample firmness and elasticity followed by their decrease was 

related to increasing amount of sodium polyphosphate in tested blends 

of two phosphates. Regarding viscoelastic properties of model samples 

with individual phosphates or their blends, similar trends were also 

demonstrated when pH of products was adjusted to values optimal for 

processed cheese. It can be concluded that this chemical parameter is 

not the only and the most important factor affecting processed cheese 

consistency. The consequent research should be aimed more complexly 

at interactions of caseins with phosphates in processed cheese matrix 

and on the phosphate hydrolysis and its influence on processed cheese 

quality. 
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