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ABSTRACT
The demand of Pizza cheese is growing along with pizza in Pakistan. Mozzarella cheese was
usually preferred because of its functional characteristics, however now it is criticized for its small
range of flavor. The blend of Mozzarella with other ripened cheeses is in demand for pizza topping by
the consumers. Cheddar cheese is the largest producing cheese in Pakistan and also has high level of
dry matter and intact casein that gives stability to processed cheese. Cheese aging improves the
texture, functionality, and flavor of cheddar cheese as a result of proteolysis and lipolysis. Therefore;
cheddar cheese with different aging periods was selected for amalgamation with mozzarella cheese.
Present investigation was planned with the objectives to evaluate the effect of amalgamation of
Mozzarella and Cheddar cheese at their different levels on various quality attributed of Pizza cheese.
The total seven processed Pizza cheeses were manufactured and designated as PC0 (100%
Mozzarella), PC1 (75:25), PC2 (50:50), PC3 (25:75), PC4 (75:25), PC5 (50:50) and PC6 (25:75)
containing different levels of Mozzarella:Cheddar cheeses. The Pizza cheeses from PC1 to PC3
contained the 2 months and from PC4 to PC6 contained 4 months old cheddar cheese. Pizza cheeses
were analyzed for physicochemical parameters, texture profile, meltability, stretchability, expressible
serum, organic acids, proteolysis and microstructure. The baking performance of Pizza cheese was
also assessed by color. Descriptive sensory analysis was conducted to inspect the behavior of Pizza
cheeses under two cooking methods (microwave and conventional oven cooking) on Pizza topping.
Considerably highest moisture (51.23%) and acidity (0.92%) was observed in the control sample
while their percentages decrease as the level of Cheddar cheese increases. The texture profile analysis
of Pizza cheeses differed significantly (p<0.05) due to amalgamation of cheeses. The increasing level
of Cheddar cheese and ripening period decreases the values for textural parameters (Hardness,
Cohesiveness, Springiness, Gumminess, Chewiness) of Pizza cheeses. The results demonstrated that
control sample exhibited lowest (10.17cm) meltability and highest (34.50cm) stretchability. When
incorporation of Cheddar increased in the Pizza cheeses the meltability increase and stretchability
decreased. It is indicated from the results that lactic acid and acetic acid contents increased from PC 0
to PC6. The results of citric acid content demonstrated the lowest in control as compared to PC1 to
PC3, while greater than PC4 to PC6. The pH 4.6 soluble and TCA soluble N increased significantly
(p<0.05) with the concentration and ripening months of Cheddar cheese. Electrophoresis and reverse
phase HPLC results indicated that level of intact casein decreased with increasing the level and age of
Cheddar cheese in amalgamated pizza cheese. The L value decreased before and after cooking with
increasing level and age of Cheddar cheese. Micrograms obtained from Electron microscopy
indicated that the size of serum channels reduced with the amalgamation of higher level and age of
Cheddar cheese and structure of Pizza cheeses becomes more homogenous. Sensory evaluation based
on cheese flavor, texture and appearance showed that pizza cheese having higher concentration of 4
months ripend cheddar cheese, lower concentration of 2 month ripened cheese and 50:50%
combination of Mozzarella and 4 month ripened Cheddar cheese got higher sensory score for flavor,
texture and appearance respectively. Microwave cooking proved better for flavor development
as compared to conventional cooking improved the texture. Pizza cheese samples behave
differently during various quality attributes analysis. Consumers prefer Pizza cheese with with better
texture than falvor and appearnce. Based on consumer preference Pizza cheese manufactures are
recommended to use Mozzrella and 2 months aged cheddar cheese in proportion of 75 and 25%.
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CHAPTER 1

INTRODUCTION
Pakistan is the 2nd largest buffalo milk producer in the world after India. In spite of
this the transformation of milk into cheese is limited due to lack of knowledge and expertise.
Pakistan has great opportunity to convert the buffalo milk into Mozzarella and other cheeses
due to high production. Buffalo milk possess physicochemical characteristics different from
other dairy animals such as a higher content of fat, casein proteins (D’Ambrosio et al., 2008),
total solids, calcium and phosphorous which make it ideal for processing into value added
dairy products such as cheese (Khan et al., 2007). Cheese is the most diverse group of dairy
products available in wide range of flavours and forms. It is biologically and biochemically
dynamic food which is instable as changes in flavour, texture and functionality occurs as
a result of storage (Fox et al., 2000). Cheese manufacturing was started from 6000 to
7000 BC and till then, the development in cheese remained the challenge for researchers and
scientists and more than 1000 named varieties have been introduced in the world
(McSweeney, 2007).
Due to tropical climate and energy crises in Pakistan, the demand of processed Pizza
cheese is increasing as compared to natural cheese due to more shelf-life. The processed and
pasteurised Pizza cheeses are the blend of fresh and ripened cheeses which are designed to
melt well and remain chewy and have more shelf life (Law and Tamime, 2010). Primary or
fresh cheeses provide melting, stretching and foundation characteristics, while secondary
cheeses provide flavour accent, colour and other quality and sensorial attributes (Fox et al.,
2000). Processed cheese manufacturing was started in the mid of 1890 in Europe. The
amount of natural cheese used for processed cheese manufacturing varies from 51% to >80%
(FDA, 2006). Therefore, the qualities of natural cheese have major influence on the
characteristics of processed cheese. Selection of natural cheeses based on their type,
composition, texture and maturity is important to get a processed cheese with preferred
quality characteristics (Zehren and Nusbaum, 2000). The other ingredients (emulsifiers,
stabilisers, fat and moisture) processing and cooking conditions also significantly influence
the functionality of processed cheese (Lee et al., 2004). Calcium content, state of casein and
1

pH are the important parameters of cheese influence the meltability (Guinee et al., 2002;
Pastorino et al., 2003; Frohlich-Wyder et al., 2009).
Consumer demands Pizza cheese with good flavour, melting and stretching
characteristics. Mozzarella cheese is considered the most suitable for pizza topping, however
the blend composed of two or more types of cheeses is getting more popularity. Fresh
Mozzarella has the major share than other varieties in the blend due to its stretching, melting
and free oil formation attributes but if used alone is undesirable for pizza because of very
elastic and granular consistency with less water holding capacity. The capability of Pizza
cheese to form excessive free oil when melted on topping is another defect in cheese
appearance (Kindstedt and Rippe, 1990). The other most popular cheeses used in the
preparation of Pizza are Provolone, Parmesan, Emmental, Romano, Edam and Cheddar.
Functional characteristics of the cheeses especially meltability, appearance, shred fusion,
stretchability and elasticity of cheeses are required attributes for their applications as pizza
toppings (Gunasekaran and Ak, 2003). There are various factors which influence these
functionalities like type of cheese, ripening period, manufacturing procedure and milk
composition (milk source). Cow, goat and sheep milks are widely used is various types of
cheeses in the world as compared to buffalo milk.
The flavour of cheese depends on the nature and quantity of aroma compounds found
in different types of cheeses. Young cheeses have less while aged cheeses have more
aromatic compounds. Hundreds of volatile compounds have been identified in cheese
products (Le Quere and Molimard, 2002) like short-chain carboxylic acids, alcohols, esters,
sulphur compounds, lactones and ketones (Curioni and Bosset, 2002) that are responsible for
the behaviour of cheese. The formation of these compounds can be varied with milk type,
age, fungal and bacterial cultures used in the cheese manufacture (Spinnler et al., 1997).
Organic acids are the major products of carbohydrate catabolism of lactic acid
bacteria (Gonz alez-de Llano et al., 1996). They contribute to cheese qualityby playing an
integral role in flavour (Califano and Bevilacqua, 2000). Proteolysis is considered the most
complex and for many varieties of cheese, the most important event among all chemical and
biochemical pathways occurring in cheese during ripening. A series of chemical and
biochemical reactions occur during Cheddar cheese ripening including glycolysis, lipolysis
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and most importantly proteolysis (Fox, 1993). Proteolysis plays a critical role in determining
the typical sensory characteristics and represents a significant indicator of quality, as shown
for Cheddar cheese. The most common technique for the analysis of free amino acids,
peptides and organic acid is high performance liquid chromatography (HPLC) due to its high
precision (Fox and McSweeney, 1996).
It is possible to process almost all types of cheeses. Hard and semi-hard cheeses, such
as cheddar, Emmental, Gouda and Edam are preferred. Theses cheeses have relatively high
level of dry matter and high level of intact protein to act as structure forming material to
ensure the necessary stability of the resulting processed cheese. In Pakistan Mozzarella and
Cheddar cheese are being considered the most suitable ingredients for manufacturing of
Pizza cheese with acceptable functionality because of their large scale production in cheese
industries. Mozzarella provides foundation while Cheddar gives flavor, color and meltability
to pizza cheese. However, their amalgamation into processed cheese which melts, stretches,
imparts flavour and reduces the formation of excessive free oil formation when applied on
pizza is the requirement of various people from pizza restaurants. The functionality of the
amalgam relies on the individual cheese properties and their ratios (Kiely et al., 1992).
Chemical composition, sensory attributes and rheological behaviour in cheese are closely
related to its microstructure. Structural changes in chees are observed by transmission
electron microscopy, confocal laser electron microscopy and scanning electron microscopy
(Pereira et al., 2009).
Cheese melt, fuses, stretches and forms blister differently on pizza topping with
different cooking methods like traditional oven cooking and microwave cooking. Microwave
cooking is more energy efficient but more quality defects occur in baked products like
colour, less volume and harder texture. However, melting and stretching behaviour of
Cheddar cheese on pizza topping can be improved by microwave heating (Sumnu, 2000).
Colour change during baking of pizza is mainly due to galactose in the cheese. The intensity
of galactose differs with cultures, Streptococcus spp. and Lactobacillus helveticus strains in
Pizza cheese are considered for less brown colour as compared to the culture which releases
more galactose and shows more brown colour (Matzdorf et al., 1994).
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In the world, about 30% cheese used for pizza topping is mozzarella cheese.
Although mozzarella cheese is topped on pizza but fresh manufactured mozzarella cheese is
undesirable for pizza because of its low melting, very elastic and granular consistency with
less water holding capacity (Correll, 2011). However, with too much aging the cheese
becomes very soft and fluid during melting and is no longer suitable for pizza. So a precise
ripening period is necessary to achieve desirable functionality (Rowney, 1999).
In Pakistan 5000 tons cheese is consumed annually whereas its production is 2500
tons per annum. The production of Mozzarella in Pakistan is only 90–100 tons. With
increasing the popularity of pizza, the use of Mozzarella cheese is increasing day by day due
to the opening of multinational pizza restaurants. In Pakistan only one company, Adams, is
manufacturing cheese. The Mozzarella produced by Adams company is not good at all,
although it is used by all the pizza stores except the big chains. They import so there is a big
scope for cheese manufacturing in Pakistan (PDDC, 2006).
For the production of processed cheese, selection of correct cheeses for right
application is imperative. Mozzarella is not a good finisher pasta filata cheese in the same
way as hard cheeses because it becomes clumpy and stringy, while a harder cheese like
Cheddar can be more cohesive during cheese melting. There is a great challenge for cheese
manufacturers in Pakistan to develop pizza cheese with improved texture, flavor and
appearance. Hence, keeping in view the characteristics of Mozzarella and Cheddar cheeses
for pizza topping and their availability in Pakistan, this research work was planned to use
these cheeses in different combinations and maturity stages of Cheddar cheese for the
formation of processed Pizza cheese. It is predicted that amalgamation of Mozzarella and
Cheddar cheese may improve physicochemical, textural, functional and sensory attributes of
the Pizza cheese. Keeping in mind this research question/hypothesis, the study was carried
out to achieve following objectives;
1. To pick the suitable proportion of Mozzarella and Cheddar cheeses for the development
of Pizza cheese with improved composition, texture and appearance
2. To assess the appropriate aging time of Cheddar cheese to optimize the functional and
sensory characteristics of Pizza cheese
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3. To compare the baking performance of Pizza cheeses as Pizza topping by using
microwave and conventional cooking
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CHAPTER 2

REVIEW OF LITERATURE
Pizza cheese is an important functional ingredient of pizza topping due to its ability to
melt and stretch on pizza application (Ma et al., 2013). Researchers have conducted several
studies to improve the stretchiness, melting characteristics, browning, reduced free oil
formation and water retention of pizza cheese. These quality attributes of pizza cheese are
very important and play an important role in consumer demand, buying decisions and
ultimate consumption (Guinee et al., 2004). The popularity of pizza is growing rapidly in
Pakistan and same is the case with Pizza cheese. The Mozzarella cheese being produced in
Pakistan is not suitable for Pizza topping due to lack of flavor and functionality. However,
different combinations of Cheddar and Mozzarella can be applied on pizza as topping. The
literature reviewed regarding different aspects of pizza cheese is being presented in the
following headings.
2.1 Mozzarella cheese
Mozzarella cheese is the main type of cheese used as a pizza ingredient in all over the
world. It is a typical pasta filata Mediterranean (Italy, Greece, the Balkans and Turkey)
region product, manufactured from buffalo and cow milk and is available in various sizes,
shapes and moisture content (Fox et al., 2004). The other cheeses of this group include
Provolone, Scamorza and Caciocavallo. Mozzarella cheese is categorized into four types on
the basis of moisture contents as specified by USDA (2012).
a. High-Moisture Mozzarella (> 52% < 60%)
b. Low Moisture Mozzarella (> 45% < 52%)
c. Low-Moisture Part-Skim (LMPS) Mozzarella (> 45% < 52%)
d. High-Moisture Part-Skim Mozzarella (> 52% < 60%)
LMPS Mozzarella is a product whose composition, manufacturing process and
functionality make it an ideal choice in pizza ingredient. Therefore, low moisture Mozzarella
is called Pizza cheese (USDA, 2012). Pizza cheese has shown extraordinary growth in
production and consumption during the past years in the world. The specifications for flavor
body and texture and colour of Mozzarella cheese given by USDA are provided in Table 2.1
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Table 2.1 Quality requirements of Mozzarella cheese
Quality parameters

Specifications

Flavor and odor

Mozzarella cheeses must have a soft, pleasurable and slight acidic
flavor. The flavor should be free from whey taint, sour notes, heated
or off notes associated with the use of non-fat dry milk. Vinegar
flavor will not be acceptable.

Body and texture

A plug pinched from loaf of Mozzarella cheese or a slice from sliced
Mozzarella cheeses shall be flexible, smooth and pliable. There
should not be any sweet hole or gassy texture. Cheeses should not be
compact and showing free flowing property in both diced and
shredded form.
Color of Mozzarella should be natural white to light cream,

Color

consistent bright color and striking sheen. However, little variation
may arise in color due to penetration of salt.
Source: USDA, 2012
2.2 Cheddar cheese
Cheddar cheese production and consumption is continued to increase over the past
decades in Pakistan. It is a kind of hard and ripened cheese manufactured by milk
acidification, coagulation with rennet, whey drainage and followed by cheddaring (Banks,
2000).
The ripening is required for optimum quality as a result of which it becomes slightly
compact and short in consistency. The ripening period of Cheddar cheese varies from 3
months to 2 years (McSweeney and Fox, 2004; Azarnia, 2006). Ripening is a very complex
microbiological and biochemical process which involves the enzymatic hydrolysis or
degradation of the lactose, lactate, citrate, proteins, peptides, fats and fatty acids of curd into
various valuable components which have significant effect on the flavor and texture
development of Cheddar cheese (McSweeney and Fox, 2004). During proteolysis short chain
peptides and free amino acids are produced. The amino acids are later on converted into
thiols (H2S and CH3–SH) and short chain fatty acids which are responsible for cheese flavor.
In addition to this, pyruvate metabolism with lactic acid bacteria results in the formation of
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diacetyl, ethanol, acetic acid and probably esters. CO2 acts as flavor enhancer and is produced
by the decarboxylation of amino acids (McSweeney and Sousa 2000; McSweeney and Fox,
2004).
2.3 Manufacturing of Mozzarella cheese
For cheese manufacturing various phases like milk standardization, pasteurization,
acidification coagulation, cutting, stirring/scalding, draining, cheddaring, milling, brining,
stretching, and packaging are involved. The detail is provided in the following paragraphs.
2.3.1 Standardization
Fat and protein contents are the major milk constituents which directly influence the
cheese yield and quality. The protein content of milk is moderately stable than fat content
which is usually standardized either removing the surplus fat or adding the fat to meet the fat
standard (Fox, 1993; Fox and McSweeney, 2002). The smaller difference in protein content
is sort out by standardizing the milk based on casein to fat ratio (C/F) (Guinee et al., 2007).
2.3.2 Pasteurization
Microbial quality of milk used for cheese making is controlled by selection of the
good quality milk and pasteurization. Milk pasteurization is conducted chiefly for
destruction of pathogens, vegetative cells and guarantees more stupendous yield (Salwa and
Galal, 2002). Pasteurization through plate heat exchanger and holding tubes with normal
time temperature combination of 72oC/15 sec is standard practice to kill pathogens
(Maubois, 2002). The use of raw milk for cheese making is still prevalent on farm cheese
production. Cheeses made from raw milk contained higher number of non-starter bacteria
compared to cheeses made from pasteurized milk (Farkye, 2004).
Results showed that cheese made from raw milk develops the characteristic flavor
more rapidly as compared to pasteurized milk cheese (Price and Call, 1969). McSweeney et
al. (1993) compared the quality of cheese manufactured from raw, pasteurized and micro
filtered milks. The cheeses from pasteurized or micro filtered milk were of good and equal
quality but flavor of raw milk cheese was unusual i.e. more intense and developed much
faster than other two types. Pasteurization of milk causes very limited heat-induced
interaction of whey proteins with casein and results in the retention of additional whey
proteins in cheese beyond the normal amount which is soluble in the aqueous phase of
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cheese. The presence of heat-denatured whey proteins in cheese may influence the
accessibility of caseins to proteinases during ripening (Lau et al., 1991).
2.3.3 Acidification
Acidification is one of the primary steps after milk standardization and pasteurization
in cheese making which involves the fermentation of lactose to lactic acid by selected cheese
cultures (Fox and McSweeney, 1996). This acidification continued throughout the cheese
making process before milling or before salting. However, in addition to acidification, the
starter bacteria play very important role in cheese ripening. Acidification at the appropriate
rate is the key step in the production of good quality cheese. Direct acidification by using an
acid (lactic acid, citric and acetic acid) or glucono-δ-lactone (GDL) may also be used as an
alternative to biological acidification. Direct acidification is convenient than biological
acidification and unlike starter it is not subjected to phage infection. It results in rapid and
consistent make time, improved moisture retention, precise pH control and the elimination of
culture expenses and variability (Fox et al., 2000).
2.3.4 Coagulation
The next distinguishing step in production of all cheese is the coagulation of the milk
by rennet (chymosin) to form a gel which entraps the fat and water. Rennet coagulation
involves two distinct phases or steps. The first phase involves the enzymatic hydrolysis of kcasein into para- K-casein and glyco-macro peptide (GMP) and the second involves the
coagulation of casein in the presence of Ca2+ at temperature > 20 °C (Skeie, 2007). Factors
which effect the rennet coagulation include protein and fat levels, pasteurization temperature,
cooling and cold storage of milk, homogenization, renneting temperature, pH, rennet and
calcium concentrations (Fox et al., 2000). An increment in calcium enhances the event of
coagulation similarly as at a higher concentration of K-casein (Fox and McSweeney, 2004).
Chymosin specifically cleaves k-casein at Phe105- Met106, which leads to the release of the
hydrophilic caseino or glyco macropeptide (f106-169) part of k-casein, located at the surface
of the casein micelles. When intact, the micelles are kept in milk by steric and electrostatic
repulsion involving the negatively charged caseinomacro peptide part of k-casein. The casein
micelles become unstable following the removal of these hydrophilic peptides; then at an
appropriate temperature (≥ 30°C), milk coagulates into curd under the influence of Ca2+ in
the medium (Dalgleish, 1993).
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2.3.5 Cutting
After curd formation, cutting, stirring, scalding, whey drainage, milling and stretching
are carried out. The cutting of the curd into small pieces (cubes) results in faster syneresis
which is proportional to the surface area of the cubes of curd. A rennet gel is quite stable if
maintained under inactive conditions, but if it is cut or broken promotes the syneresis rapidly
(Fox, 1993). The rate and extent of syneresis are influenced by milk composition, especially
calcium level, casein concentration, pH of the whey, cooking temperature, rate of stirring of
the curd-whey mixture and time (Walstra et al., 1987).
2.3.6 Scaldding and stirring
Cooking temperature in cheese vat influences moisture removal from cheese during
cheese making. Differences in moisture content could have significant impact on Mozzarella
cheese functionality. Thus, differences in cooking temperature may affect chemical
composition of cheese that may cause differences in proteolysis and functional properties of
Mozzarella cheese (Kindsted et al., 1993). The cooking temperature used for manufacturing
Mozzarella cheese varied from 38- 45oC.
2.3.7 Whey drainage
The pH at which the whey removed is called drainage pH. Whey is removed at pH
6.2 in both Cheddar and Mozzarella cheeses. Whey drainage pH has an impact on coagulant
inactivation which eventually influences unmelted cheese texture. Mozzarella texture is
paramount in view of its impact on shredding properties. As the pH of curd and whey
decreases excessively, calcium is transferred from the curd into the whey. This exchange
enhances the cheeses moisture content, bringing about a softer texture, furnishing all
different components are equivalent (Yun et al., 1995).
2.3.8 Cheddaring/Milling
After cooking and whey drainage, the curd settle down in the form of sheet, cut into
blocks, turned upside down after every 15 minutes till the pH reached to 5.4 for Cheddar
after which the coherent curd mass is subjected to milling, salting, moulding and pressing
(Walstra, 1993).
Milling pH has impact on proteolysis, which is acknowledged to be the most crucial
biochemical occasion throughout the maturing of numerous cheese varieties (Pastorino et
al., 2003). The Mozzarella cheese curd is milled at pH 5.1.
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2.3.9 Stretching
The milled cheese was stretched in hot water. During stretching, melted cheese form
fibrous strands that extend without breaking. Pasta filata cheeses are recognized by a
remarkable plasticizing and kneading behavior of the fresh curd in hot water. The
temperature of curd during the stretching is influenced by water temperature and heating
time. The temperature of curd may affect functional properties of cheese for example
shredding and melting. Increasing the stretching temperature of the curd from 75 to 95°C
decreased the flexible properties of Mozzarella cheese.
2.3.10 Vacuum packing and storage
After stretching cheese is vacuum packaged and stored. These cheeses are mostly
used fresh or can be ripened from 2 weeks to 2 months at refrigeration temperature
(McSweeney and Fox, 2004).
2.4 Manufacturing of Cheddar cheese
Processing steps for Cheddar cheese is given in following paragraphs.
2.4.1 Pasteurization
Cheddar curd manufacture commences with the selection and pretreatment of milk of
high microbiological and chemical quality. Most Cheddar cheese milk is now pasteurized
just before use, but raw milk is still used in both commercial and farmhouse cheese making.
In general, cheese made from raw milk develops the characteristic Cheddar flavor more
rapidly, reaching its best flavor at 3 to 6 months (Price and Call, 1969). On the other hand,
cheese made from pasteurized milk takes twice as long as that made from raw milk to
develop the same flavor intensity and ripens more slowly than raw milk cheese (Fox, 1993).
McSweeney et al. (1993) compared the quality of Cheddar made from raw, pasteurized, or
micro filtered milks. The cheeses from pasteurized or micro filtered milk were of good and
equal quality, but raw milk cheese was downgraded because its flavor was unusual; much
more intense and developed much faster than that of the other cheeses.
Pasteurization of milk causes very limited heat-induced interaction of whey proteins
with casein and results in the retention of additional whey proteins in cheese beyond the
normal amount which is soluble in the aqueous phase of cheese. The presence of heat-
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denatured whey proteins in cheese may influence the accessibility of caseins to proteinases
during ripening (Lau et al., 1991).
2.4.2 Acidification
Acidification during cheese manufacture is one of the primary events in the
manufacture of most, if not all, cheese varieties and involves the fermentation of lactose to
lactic acid by selected lactic acid bacteria (Fox et al 1996). The most suitable and widely
used starter cultures for Cheddar cheese manufacturing are Lactococcus lactis ssp. cremoris
and Lactococcus lactis ssp. lactis (Michel and Martley 2001). The rate and point of the
process at which lactic acid is principally produced is characteristic of the variety. In
Cheddar type cheese, most acid is produced before moulding, while in most other varieties, it
occurs mainly after moulding. Acid production affects almost all aspects of cheese
manufacture and, hence, cheese composition, texture, and flavor. The amount of acid has a
marked effect on the level of proteolysis and other reactions in the resulting cheese. The
activity of the coagulant during manufacture and the retention of coagulant depend on the
amount of acid produced during the initial stages of manufacture (Rehman et al., 2004).
2.4.3 Coagulation
The manufacture of Cheddar continues with coagulation of the milk by rennet.
Rennet coagulation of milk is a two steps process. The first step involves the enzymatic
hydrolysis of k-casein, and the second involves the coagulation of casein by Ca2+ at
temperature > 20°C. Chymosin in rennet specifically cleaves κ-casein at Phe105- Met106,
which leads to the release of the hydrophilic caseinomacropeptide (k-CN (f106-169) part of
κ-casein, located at the surface of the casein micelles. When intact, the micelles are kept
colloidally dispersed in milk by steric and electrostatic repulsion involving the negatively
charged casein omacropeptide part of k-casein. The casein micelles become unstable
following the removal of these hydrophilic peptides; then, at an appropriate temperature (for
example 30°C) the milk coagulates under the influence of Ca2+ in the medium (Dalgleish,
1993).
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2.4.4 Cutting
A rennet milk gel is quite stable if maintained under inactive conditions, but if it is
cut or broken, syneresis occurs rapidly (Fox, 1993). During practical cheese making, cutting
the curd into small pieces gives faster (initial) syneresis which is proportional to the area of
the surface exhibiting syneresis. The rate and extent of syneresis are influenced by milk
composition, especially calcium level, casein concentration, pH of the whey, cooking
temperature, rate of stirring of the curd-whey mixture and time (Walstra et al., 1987).
2.4.5 Cooking/stirring
Cooking of Cheddar cheese is carried out at 31°C (Walstra et al., 1987). In Cheddartype cheese, during cheddaring, the drained mass of curd is allowed to spread laterally for a
considerable time, which helps to retain higher moisture content (1 to 2% more water). The
main cause of the differences is presumably that the flow of curd promotes deformation of
curd grains, thus closing pores and hindering drainage of any moisture still leaving the grains
due to syneresis. The composition of the finished cheese is to a very large degree determined
by the extent of syneresis and, since this is readily under the control of the cheese maker, it is
here that the differentiation of individual cheese varieties really begins (Fox, 1993).
2.4.6 Whey drainage/Cheddaring
In Cheddar manufacturing, after cooking and whey drainage, the curd is allowed to
rest for a considerable time to develop sufficient acidity.
2.4.7 Milling
The coherent curd mass, is cut into fairly small pieces (milling), salted, moulded, and
pressed. During several of these processing steps, the curd may lose considerable moisture
(Walstra, 1993).
2.4.8 Salting
Salting is performed in Cheddar by mixing dry salt with broken or milled curd at the
end of manufacture. Cheddar cheese usually contains 1.4-1.5% salt (Kosikowski and Mistry,
1997a). Salt at a concentration higher than 2% makes the cheese too dry and slow down the
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ripening; causing underdeveloped body and flavor. Salt exercises one or more functions as it
directly modifies flavor, promotes curd syneresis, reduces water activity, influences the
activity of rennet, starter and non-starter lactic acid bacteria (NSLAB) and of their enzymes
and indigenous milk enzymes. It suppresses the growth of undesirable non-starter
microorganisms and by its influence on post-cheddaring starter activity. Salt in Cheddar
cheese controls the metabolism of lactose and the pH of the fresh cheese, which in turn
affects the rate of maturation and cheese quality (Fox, 1987). It also modifies cheese proteins
which influence the texture and protein solubility (Fox et al., 2000).
2.4.9 Moulding and pressing
Last step in Cheddar manufacture is moulding and pressing. Moulding is a process of
forming the salted curd into shape by the use of metal, plastic or wooden moulds (Scott,
1986). During moulding, the curds are allowed to form a continuous mass (Fox et al., 2000).
Matting of high moisture curds occurs readily under their own weight but pressing is required
for low moisture cheese. The functions of pressing are to assist final whey expulsion leading
to a closed-texture, well shaped cheese with a rind after long ripening periods (Bylund,
1995). Pressing should be gradual at first because initial high pressure compresses the surface
layer and entraps moisture in the body of cheese. Stainless steel moulds are lined with muslin
cloth soaked in warm and slightly salted water. The use of perforated liners is necessary to
allow the remaining whey to escape. After 18 hours of pressing, the cheese blocks are
removed from the moulds, wrapped in plastic film, and thermally sealed (Kosikowski and
Mistry, 1997b).
Curds for different cheese varieties are recognizably different at the end of
manufacture, mainly as a result of compositional and textural differences arising from
differences in milk composition and processing factors. The unique characteristics of the
individual cheeses develop during ripening, although in most cases the biochemical changes
that occur during ripening, and hence the flavor, aroma, and texture of mature cheese, are
largely predetermined by the manufacturing process (Fox, 1993).
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2.4.10 Ripening
The curd is ripened for specific period of time and temperature. During ripening a
range of biochemical changes take place that results in the unique characteristics of the
individual cheeses. Therefore sensory and textural attributes of mature cheese are mainly
determined by the manufacturing process (Fox, 1993).
2.5 Pizza cheese
Any type of cheese suitable for use on pizza can be referred as pizza cheese. It includes
many varieties of cheeses that are specifically manufactured and designed for pizza topping.
Due to increase in pizza consumption globally, large varieties of cheese produced in the US
and other countries are used as an ingredient on pizza (Govindasamy-Lucey et al., 2005).
The most popular varieties are natural Mozzarella, Cheddar, Mozzarella alternatives,
Processed and Modified cheeses. Provolone, Emmental, Parmesan, Ricotta and Romanoare
are also being applied on pizza toppings due to their quality attributes and demand. Quesillo
and Doble Crema cheese because of their functional properties required for pizza and other
foods, like sandwiches and burgers are the most popular cheese varieties in Colombia
(Ramírez-Navas, 2010). A list of cheese varieties and their types which can be used as pizza
cheese is presented in Figure 2.1. These can be used alone or in different combination as
natural or processed cheese on pizza topping.
Pakistan is the 5th largest milk producer in the world. The share of cow and buffalo milk
was 18.7 and 32 MT respectively out of 52.6 MT milk produced in 2014-2015 (GOP, 2015).
Traditional cheese of Pakistan is known as “Paneer”, (acid cheese) which is unprocessed and
mostly used in Pakistani cuisines and sweets. After Paneer, the 2nd cheese produced is the
Cheddar cheese. The manufacturing of Mozzarella was started few years before and its main
consumption is on pizza topping. These all cheeses are mainly produced from buffalo milk
or mixture of buffalo and cow milk. A combination of Mozzarella and Cheddar cheeses as
pizza topping ingredient is preferred by the pizza lovers of Pakistan.
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Figure 2.1 Types of cheeses used for pizza topping
2.6 Global composition of cheeses
According to USDA (2012), the global composition of cheeses is described below.
Milk constituent

Mozzarella cheese

Cheddar cheese

Processed cheese

Fat (%)

Not less than 45%

Not<49%

≥30

Moisture (%)

>52% but less than

Not > 39%

≤40

60%
pH

Not > than 5.4 but < Not > than 5.35

>5.3

than 5.1
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2.7 Functional characteristics of Pizza cheese
Various quality characteristics of Pizza cheese are important as far as consumer
acceptability is concerned. Among them most appropriate functional quality characteristics
are meltability, stretchability and free oil formation (Rowney et al., 1999). Cheese should
melt completely when uniformly distributed on the pizza surface without any blisters and
should not show fat drippage when a slice is made or held at a slight angle (Rudan and
Barbano, 1998). The melted cheese should show the chew characteristics but not the
gumminess and stringiness (Kindstedt, 1991). Cheese color must be even, slight darker as
compared to color before cooking (Johnson and Olsen, 1985). Fife et al. (1996) worked on
the functionality of Low fat Mozzarella Cheese (2 to 5% fat) and found that low fat cheeses
did not melt as well as did the part-skim Mozzarella cheese, although the differences between
the cheeses with 2 and 5% fat were insignificant.
2.7.1 Meltability
The ability of cheese curd to flow in a continuous uniform melted mass during
heating is known as meltability (Kindstedt, 1993). This can be measured by following the
empirical tests such as Schreiber (Kosikowski and Mistry, 1997a) and Arnott (Arnott et al.,
1957) tests. In these methods the increase in diameter of melted cheese is measured under
controlled conditions. Several modifications have been proposed by Muthukumarappan et al.
(1999) to improve the efficiency of the Schreiber test. They designed a melt meter for
objectively measuring the melting (flow) of discs of cheese in a lubricated squeeze flow
configuration. Computer vision image analysis is applied as an index of meltability to
calculate the increase in area of cheese sample upon melting (Wang and Sun, 2001). The
impact of baking methods on the meltability was studies by Park et al. (1984) using
conventional and microwave heating and found little correlation between the methods. They
observed that the heating time and temperature in conventional oven and the power of the
microwave changed the meltability.
The fat content, protein-protein interactions (McMahon et al., 1999) and type of the
protein matrix are key factors of cheese melting properties (Guo et al., 1997; McMahon and
Oberg, 1998; McMahon et al., 1999). Low fat cheeses did not melt that much as did the partskim Mozzarella cheese (Fife et al., 1996). Imm et al. (2003) notices that meltability of
ripened cow and goat cheeses were not different when fat content of both milks were
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standardized, however a positive correlation (r =0.51 to 0.80) of melting characteristics with
proteolysis was perceived during study.
The melting property of Mozzarella cheese may also depends on type of the
coagulant. In a study, Endothia parasitica protease and chymosin derived from Mucor miehei
were used in Mozzarella cheese manufacturing. During storage, it was observed that cheese
made with E. parasitica protease was more meltable than other cheeses (Yun et al., 1993).
Homogenization of cheese milk before cheese production decreased the size of fat globules
and meltability. Use of homogenized cream of the standardization of milk for Mozzarella
cheese did not affect the meltability of cheeses and use of ultra filtered buttermilk lowers
meltability (Tunick, 1994). Similarly the incorporation of nonfat dry milk in LMPS cheese
has no significant impact on meltability (Yun et al., 1998), but the use of hydrophobic
surface coating in low fat Mozzarella cheese provide appropriate melt characteristics (Rudan
et al., 1999). Calcium plays an important in the meltability of cheese. Reduced calcium
cheeses have greater meltability due to more hydrated protein matrix (McMahon et al.,
1999). It is known that pH has a major effect on the melting properties of cheese due to the
effect on the load-bearing casein (Watkinson, 2001), as well as on colloidal calcium
phosphate dissolution as a function of milk pH decreasing, disrupting the stability of casein
micelles (Dalgleis and Law, 1989; Lucey et al., 1997).
2.7.2 Stretchability
Stretchability is a tendency of a cheese to form extended fibrous string (Kindstedt,
1993) when melted. This unique property of pizza cheese makes it satisfactory for use as
pizza toppings (Guinee and O’Callaghan, 1997). The stretching of pasta filata or pizza
cheeses is determined by applying a constant force on melted cheese either vertically or
horizontally to measure how far the melted cheese will stretch (Kindstedt et al., 2010) under
same conditions. The old method to measure the stretchability of cheese was the “fork test”
(USDA, 1980), which is highly sensitive and requires experience to carry out the test. The
tests used to measure stretchability produce acceptable results but are difficult to get the
precise information.
The heat treatment applied to Mozzarella cheese during stretching may affect the
functional properties of cheese. When the temperature is below 60ºC, thermophilic starter
bacteria and residual coagulant remain active but when curd temperature exceeds 66ºC, there
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may be inactivation of starter bacteria and rennet which increase the intact casein and reduce
stretchability (Kindstedt et al., 2000). The stretchability of the curd is also influenced by the
pH of curd, whey pH and colloidal calcium phosphate content of Mozzarella cheese
(Lawrence et al., 1987; Kiely et al., 1992). The increased porosity of casein matrix during
proteolysis, resists the stretching upon melting (Bertola et al., 1996; Tunick et al., 1997).
Sheehan and Guinee (2004) reported the increase in stretchability and meltability of
Mozzarella cheese with storage because of higher level of protein breakdown than fresh
cheese.
2.7.3 Free oil formation
Free oil formation is generally known as fat leakage or oiling off liquid fats from
cheese on melting in the form of pools or pockets at the surface. A considerable free oil
formation is required for pizza topping, while limited or excessive free oil formation are the
severe defects in the quality of Mozzarella cheese. Free oil formation is measured by melting
a standard sized cheese disk on filter paper at controlled conditions and the size of the oil
ring formed on the filter paper is used to measure the free oil present in the samples (Breene
et al., 1964). The tests used to measure the fat like Babcock test (Richardson, 1985) and
Gerber test (British Standards Institution 1995) can be used to measure the free oil after some
modifications in the methods (Kindstedt and Rippe 1990; Kindstedt and Fox 1991).
Explanation of variables influencing the free oil production in various kinds of Mozzarella
cheese has been the crucial concern for some researchers.
Rowney et al. (1998) suggested that intensity of free oil formation in Mozzarella
cheese depends upon the size of fat globule, degree of agglomeration and position of fat
within the casein matrix. Tunick (1994) has also been reported that the interaction between
casein and fat controls the amount of free oil formation on heating Mozzarella chesse, while
the homogenization of cheese milk greatly reduced free oil generation. Rowney et al. (1999)
explained that the liberation of oil from the lapse of the casein matrix is the consequence of
fat globules combination and then their flow on the surface where pools of free oil are
produced. Kindstedt and Rippe (1990) and McMahon et al. (1993) concluded that higher fat
in cheese could result in excessive oiling off while a lack of available fat have less oiling off
which produces tough and rubbery melted cheeses.
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The effect of compression and stretching on free oil formation in Mozzarella cheese curd was
investigated at 55, 65, and 75°C. The compression had no effect on the milk fat globule size
and shape, while increasing the temperature of the cooking/stretching water increased the
cross-sectional area, diameter of the globules, and free oil content from 24.1% at 55°C to
34.5% at 75°C for curd compressed to 50% height at 1000 mm/min (Rowney et al., 2003).
During processing of Pizza cheese, it has also been noticed that polymorphic framework of
cheese changed when emulsifying salts are added to Mozzarella (Tunick et al., 1997).
In another study, contradictory results were found on addition of emulsifying salt
(trisodium

citrate,

tetrasodium

pyrophosphate,

sodium

tripolyphosphate,

sodium

hexametaphosphate, and disodium orthophosphate) in Mozzarella cheese which leads to
improvement in free oil formation (Kindstedt et al., 1992). Kindstedt and Rippe (1990)
reported a reduction in free oil formation as a result of proteolysis after refrigerated storage,
while some researchers observed a significant rise in free oil when samples of cheese were
frozen (Apostolopoulos et al., 1994). After 21 days of storage, the cheese shows more
fluidity due to the breakdown of casein components (Kiely et al., 1993). The formation of
free oil is significantly larger in bovine Mozzarella cheese than caprine throughout the
storage experiment (Imm et al., 2003).
2.7.4 Blister formation
The intensity of browning and blister development result due to lactose and amino
acids interaction and baking conditions like time, temperature and reactive amino acids and
carbohydrates in the cheese (Thomas 1969; Johnson and Olson 1985). Rudan and Barbano
(1998) explained the mechanism of blister formation. They reported the cheese shreds start to
fuse and melt at around 55 to 80°C. During baking the water evaporates from the surface and
the top of the blister turns brown. Excessive browning or blister formation occurs when the
surface temperature of Mozzarella reaches 100°C.

The light browning is a desirable

characteristic for baked cheese while extreme browning is unacceptable. The blistering and
browning performance of pizza cheeses upon baking depend on several factors (Rudan and
Barbano, 1997). Browning of Cheddar cheese has been observed during cooking and even
when stored in at high temperature, while intense browning occurs when heated at a
temperature higher than 160°C (Wang and Sun, 2003).
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The release of different amounts of free oil from the cheeses can affect the number of
blisters, while size of the blisters are influenced by the elasticity and stretching properties of
the melted pizza cheese (Johnson, 2000). The size and characteristics of the blister rely on
extent of proteolysis, amount of expressible serum, pH, moisture and proteins contents of the
cheese (Rudan and Barbano 1998). ). A low fat content results in excessive browning, but
can be solved by using a hydrophobic coating (Rudan and Barbano 1998; Wadhwani et al.
2011).
The browning of pizza cheese can be accessed directly on baked pizza (Matzdorf et
al., 1994) or indirectly by heating the cheese in water bath (McMahon et al., 1993). It can
also be assessed subjectively by comparison to colour charts or objectively using a colour
meter (McMahon et al., 1993; Matzdorf et al., 1994). Image analysis of pizzas baked with
Mozzarella is more useful tool to measure the colour of the cheese, size and shape of the
blisters (Yun et al., 1994). Use of computer to assess browning of cheese on heating is also
successful technology (Wang and Sun, 2003).
2.8 Factors influencing the quality of pizza cheeses
Many defects arise in cheeses during manufacturing process that influence the
structural and rheological characteristics of cheeses. These defects are rubbery, tough texture,
inability to melt and poor stretchability (O’Sullivan et al., 2013; Kuo and Gunasekaran,
2009; McMahon et al., 2005; Tunick et al., 1993). Different factors and ingredients that
affect the structural and rheological qualities of pizza cheeses are discussed in the following
sections.
2.8.1 Type of milk
Cheeses manufactured from different types of milk have different structural
configuration. Among milk constituents, casein content is very important which consequently
affects the quality and final yield of curd (Sindhu and Arora, 2011). The texture of cheese is
also related with condition of casein in the curd. Previous study indicated that in bovine
Mozzarella cheese, hardness changed after 2 week storage while in case of caprine cheese,
the changes were noticed after one week of storage. The changes in springiness of bovine
Mozzarella cheese were observed after 4 week while in case of caprine springiness decreased
after one week. The variability in the casein fraction can affect micelle structure and calcium
availability (Park, 2006; Mora-Gutierrez et al., 2007). The gel from caprine milk with equal
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casein content is not as firm as bovine milk although the renneting time is shorter. Curd
firmness increased when the contents of both κ-CN fractions and other caseins increased.
(Sheehan et al., 2009). Imm et al. (2003) reported that the microstructure of bovine milk
cheese appears to be denser than caprine. During maturation, the aggregation and fusion of
small cavities observed at faster rate in bovine as compared to caprine cheese. Elastic matrix
of casein lost rapidly due to excessive softening in bovine cheeses. The cohesiveness was
also larger in caprine than bovine Mozzarella cheese during storage (Imm et al., 2003).
Hussain et al. (2012) studied casein fractions in different cow and buffalo milk
samples and concluded that buffalo and cow milk contain 1.42, 1.08 g/100 mL αs1-CN, 0.27,
0.24 g/100 mL αs2-CN, 1.58, 1.20 g/100 mL β-CN and 0.40, 0.20 g/100 mL of K-casein
respectively. On an average all casein fractions were greater in buffalo milk as compared to
cow milk. Therefore, microstructure of buffalo and cow milk cheese is different in term of
their porosity. Buffalo milk has more protein content thereby cheese is less porous. Aqueous
phase of buffalo cheese is less due to more protein content thereby the distance between
casein micelles decreases which increases the aggregation of protein and less porosity in
structure (Ong et al., 2011).
2.8.2 Casein polymorphism
The effect of the caseins (αS1, αS2, β and k) and whey proteins (α-lactalbumin and βlactoglobulin) polymorphisms on cheese formation is well established. During cheese
manufacturing, k-casein polymorphism play fundamental role for establishing coagulating
properties (Caroli et al., 2009; Hallen et al., 2007). The coagulating properties of milk
brought about by the increase in the average degree of glycosylation of κ-casein increase the
curd firmness. Eleven k-casein variants (A, B, C, E, F1, F2, G1, G2, H, I, J) are found in the
Bos genus. The A and B variants are the most common but E variant is comparatively less
common (Caroli et al., 2009). The cryo-SEM (Scanning Electron Microscopy) images of
cheeses prepared with different milk type of Bos genus showed a network of protein with
surrounded lipid droplets. The size of the fat globules appear to be larger in cheese made
from type AB milk, generally, spherical in shape and homogeneously dispersed in a
continuous protein matrix. The pore size of protein matrix in cheese made from type AE or
BE milk was bigger than that made from type AA (Ren et al., 2013).

22

2.8.3 Fat content
Fat globules are surrounded by casein strands but do not interact with them. Fat
serves as an inert material between aggregates of casein micelles. It does not form any part of
the casein network but it does influence cheese quality significantly (Johnson, 2000).
Reduction of fat content in cheese affects both melted and unmelted cheese quality. In
unmelted LMPS cheese, springiness, hardness, viscosity and elasticity increases by reducing
the fat content. Likewise, the quality of the melted cheese is decreased in flowability,
increased apparent viscosity and chewiness (Metzger et al., 2001).
Fat plays major role in the structural development of cheeses present in the serum
phase of the protein network and is observed to be a mixture of agglomerated masses of fat
globules that have no coalesced but in low fat cheese the serum pockets remains vacant
(Auty et al., 2001). Romeih et al. (2012) studied the effect of milk fat globules membrane on
the microstructure of low fat Cheddar cheese. The concentration of milk fat globule
membrane (MFGM) material was changed with the addition of skim milk powder and
buttermilk powder. Cheese structure was analyzed by microscopy (scanning and confocal) to
evaluate the distribution of fat globules. The microstructure was changed by changing the
MFGM content. The structure of cheese prepared with the addition of skim milk powder was
more uneven with larger voids while cheese contained butter milk powder had small voids
with homogeneous protein network.
2.8.4 Starter culture and coagulating enzymes
Microorganisms plays an important role in cheese manufacturing, either they are
present naturally or intentionally added as starter or adjunct cultures in the milk. They
directly or indirectly influence the chemical, biochemical and physical processes that occur
in milk, curd and cheese (Beresford and Williams, 2004; Parente and Cogan, 2004). Various
starter cultures influence natural cheeses quality characteristics due to their different
proteolytic activity (Najafi et al., 2008). Protease derived from microbial source i.e.
Cryphonectria parasitica has more proteolytic activity and is specific towards β-casein while
chymosin is less proteolytic and has specificity towards αs-caseins (Yun et al., 1993). The
LABs that have ability to generate exopolysaccharides (EPS) are well recognized and are
used in the production of many cheeses (Ruas-Madiedo et al., 2001). EPS act as water
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binding agent in dairy curd and increase the viscosity of serum phase in the protein network
(Robitaille et al., 2009).
Hassan and Frank (1997) hypothesized that the capsule forming lactic culture can be
used as fat mimic in cheese. They observed an open structure in cheese that was made with
capsules forming lactic bacteria. Fat and EPS increase the water retention in cheese but fat
globules were seen in the serum channels while EPS embedded within the dense protein
matrix. During microstructure determination stains used to visualize protein matrix and
bacterial cell do not differentiate between these two components, therefore the statement
cannot be ruled out with any certainty. In pre-acidified milk cheeses EPS were consistently
seen in smaller amount of aggregated masses (Zisu and shah, 2005).
Hassan et al. (2004b) studied the microstructure of Karish cheese that was made by
the EPS producing lactic acid bacteria. In their study EPS-producing and EPS non-producing
strain of Streptococcus thermophilus were used for cheese manufacturing. Cryo-SEM was
used to envision the structure of cheese. In EPS containing cheese a large, filamentous and
dense mass was observed. Cheese made with the EPS non-producing culture was
characterized by a dense protein network with smaller pores compared to that prepared with
the EPS-producing culture.
Moynihan et al. (2014) studied the effect of coagulant type (Bovine and Camel
chymosin, BC and CC) at two levels (0.05 and 0.037 international milk clotting units
(IMCU)/mL) on the texture of LMPS Mozzarella. They revealed that total as well as
insoluble calcium level was same in both type of cheeses initially and with ripening both
cheeses possessed different firmness. The proteolysis in cheese made with BC was higher
than the cheeses made from CC. Cheeses coagulated with CC exhibited higher hardness
values as compared to BC and also maintained higher sensory firmness values and
adhesiveness scores during ripening. When melted on pizzas, CC cheeses showed less blister
and but more firm and chewier.
2.8.5 Salt concentration
Salt is also an important factor that affects the overall quality of cheese, including
textural properties (Guinee, 2004). However, conflicting results concerning the effect of salt
content on the meltability of cheese have also been reported; increasing salt content
decreased the meltability of Mozzarella cheese (Olson, 1982), but increased the meltability of
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non-fat Mozzarella cheese (Rowney et al., 2004). Microstructure of Ragusano (pasta filata)
cheeses strongly affected by brining and calcium concentration. The cheese brined at high
salt concentration had smaller pore size than the cheeses that is brined at low salt
concentration. The change in cheese microstructure due to salt is mainly caused by change in
cheese composition during brining. Typically, a balance between weight gain resulting from
salt penetration and weight loss as moisture exits the cheese takes during brining. Swelling or
shrinkage of the cheese also depends on both the salt and calcium content of the brine
(McMahon et al., 2009).
The pores in protein network provides sieving effect that permit inward diffusion of
Na+ and Cl− ions and the outward removal of H2O molecules (Guinee, 2004). Higher salt
concentration in brine solution causes contraction of cheese protein matrix that would expel
whey as well as moisture by osmosis. As a result, net whey migration occurs from the void
spaces and the protein matrix. Physical properties of cheeses are also influenced by
temperature of brine solution. At 20°C brining in the lowest salt level of 2%, NaCl produced
only a 4% increase in volume. The protein matrix of this cheese appeared more expanded
than cheese brined at 10% NaCl. The cheese brined in 10% NaCl had a porosity mean value
of 12.6%, whereas the porosity of the cheese from the 2% brine was 14.4%. The higher salt
cheese had smaller (area mean value 13.65 vs. 21.86 μm) and more numerous (1,475 vs.
1,046) pores, confirming that shrinkage occurred in cheeses brined at 10% NaCl brine (Fuca
et al., 2012). Salt improves taste, aroma and flavor of cheese by effecting growth, lysis and
activity of staring culture (McMahon et al., 2009).
2.8.6 Calcium concentration
The calcium addition is extensively known as a tool in the process of cheese making
(Joshi et al., 2004). Sometimes, natural cheeses are pre-acidified to reduce the pH during
processing. This process reduces pH, protein and increases moisture and moisture in non-fat
substance due to proteolysis of intact casein. Sheehan and Guinee (2004) studied the effect of
pH and calcium level on the texture of reduced fat Mozzarella cheese. They prepare reducedfat Mozzarella cheeses using starter culture, lactic acid and a combination of starter culture
and lactic acid (control, CL), (directly acidiﬁed, DA). The subsequent cheeses varied in pH
5.42, 5.89, 5.64 5.49 and calcium content (mg g-1 protein) 28.58, 19.38, 18.54 and 18.31of
CL, DA, DAS1 and DAS2 respectively. Due to difference of pH and calcium level, the
25

firmness of DA and DAS cheeses were lower than that of CL during storage. The
comparatively high ﬁrmness of the CL is due to its lower levels of moisture, primary
proteolysis, higher levels of calcium and protein (Guinee et al., 2002).
The calcium addition in the cheese also modifies the microstructure of cheese. It has
been studied that cheese microstructure made with the addition of 300 or 600 mg L-1 CaCl2
showed less porosity. Curd, after cooking, showed denser protein network due to the
retention of more fat during manufacturing and the cooked curd consisted of a denser protein
network that may retain more fat during the early stages of manufacture. While in case of
cheese in which calcium was not added, the amount of micropores increases (Ong et al.,
2011). Metzger et al. (2001) reported that preacidification of cheese milk with organic acids
in combination with a starter culture to a pH of 5.8–5.6, resulting in a decrease in calcium
level of low fat cheese but it did not considerably affect moisture content. By decreasing the
calcium content, protein becomes hydrated and unheated cheese becomes less hard. Guinee
et al. (2002) reported that before renneting, pre-acidification of milk results in the reduction
of calcium-to-casein ratio and also increase moisture in non-fat substances.
Higher Ca in cheese produced pores that are smaller compared with those in cheeses
brined with lower Ca content. Cheese brined in 10% NaCl with 0.4% Ca also had fewer
(1,350 vs. 1,849 pores) and smaller (area mean value 14.64 vs. 18.00 μm) pores than cheese
from the brine with 0.2% Ca. This corresponded to porosity mean values of 13.5% and 18%,
respectively. Thus, the loss of moisture from the pores caused by a high Ca level in the brine
appears greater than that caused by high salt. McMahon et al. (2005) also showed that
increasing the Ca concentration in cheese induces stronger protein–protein interactions and
less whey remains entrapped within the protein matrix. Similar observations were found by
Guinee et al. (2002) and Joshi et al. (2004), as they reported that reducing the Ca content of
Mozzarella cheese led to a more hydrated and expanded protein matrix (Pastorino et al.,
2003c).
Calcium contributes its role to the functionality of cheeses as it forms hard gel by
cross linking with proteins (Metzger et al., 2001). The cross linkages caused by calcium can
be reduced by destabilizing and removing of some calcium from the casein micelles by
preacidification of the cheese milk with a food grade acid before coagulant addition. This
strategy gives benefits to manufacture of a softer texture cheese with better flow and stretch
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properties. Pre-acidification also enhances the susceptibility of primary proteolysis of casein
by interacting with residual coagulant that improves the functionality of cheese (Feeney et
al., 2002; Joshi et al., 2003; Zisu and Shah, 2005).
2.8.7 Ripening
The formation of cheese from milk is a complex biochemical process. It can be
divided into two different but interrelated phases named as manufacturing phase i.e. (from
the preparation of milk to salting) and ripening phase (Fox and McSweeney, 2004). As pizza
cheese ages, residual proteolytic activity of the coagulant can quickly hydrolyze sufficient
casein to greatly increase flowability. It also decreases the stretch of cheese to the extent that
bake performance may be negatively affected (Moynihan et al., 2014).
Gupta and Reuter (1993) measured the melting characteristics of aged cheeses
(Cheddar and Gouda) that were satisfactory when measured by free tyrosine level which was
higher in aged cheeses. β-casein hydrolysis effects the meltability of cheese as studied by
Bogenrief and Olson (1995) that meltability is directly linked with the hydrolysis of β-casein.
Previous works showed different consequences of ripening on the textural characteristics of
pizza cheeses. Muir et al. (1996) investigated the variation in Cheddar cheese texture with
ageing and concluded that texture has not affected by age. However, Roberts and Vickers
(1994) observed differences in texture of Cheddar cheese at different stages of maturation.
They reported that changes may have been detected when ripening period extends beyond 9
months. As the proteolysis proceeds, water availability for protein matrix hydration reduced
which results in a harder cheese that cannot be easily deformable. Aging of cheese also
contributes changes in matrix/structure of cheese. Cheeses maturing process undergoes
hydration and hydrolysis of casein, this results in the weakening of the structure.
The primary changes; proteolysis, lipolysis and glycolysis are followed and
overlapped by a host

of secondary catabolic changes,

including

deamination,

decarboxylation, and desulfurylation of amino acids, oxidation of fatty acids and even some
synthetic changes; that is, esterification (Fox, 1993). As the primary reactions are mainly
responsible for the basic textural changes and flavor production of cheese, the secondary
transformations are mainly responsible for the finer aspects of cheese flavor and modify
cheese texture (Singh et al., 2003).
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2.9 Processed cheese
Processed cheese is made by pasteurizing, emulsifying and blending of several
varieties of natural cheese with additional ingredients such as nonfat milk solids, powdered
milk, condiments, whey, cream and butter etc. The products in this group are different from
that of natural cheese because these are not formed directly from milk. The natural cheeses,
water, emulsifying salts, butter oil, casein, caseinates, vegetable oils and proteins are mixed
with heating and agitation. The processed cheese production started prior to the First World
War and continuously increased because of their valuable properties and shelf life (Meyer,
1973; Patart, 1986). According to the Greek Codex Alimentarius (2003), processed cheeses
products are produced by milling, blending, melting and emulsification of different types of
natural cheeses using heating and agitation, with the addition of emulsifying salts and water.
Milk and milk products are also optionally added in this type of cheese. In the United States,
Code of Federal Regulations (CFR) described processed cheese a group of cheeses that are
pasteurized processed cheese, cheese food and cheese spread. These products are designed to
build special characteristics of pizza cheese and used in many pizza restaurants in North
America, the United Kingdom and elsewhere.
Rizvi et al. (1999) have patented a method of preparing processed pizza cheese that
does not require any ageing or refrigeration during storage. The key to the method appears to
be the use of an extruder to stretch and cook emulsified curd to establish an appropriate
fibrous structure.
According to Kapoor and Metzger (2008), the emulsifying salt, sodium aluminium
phosphate, is becoming popular in the manufacture of rennet casein-based Mozzarella-type
imitation processed cheese varieties, since it provides desirable functional properties for
imitation processed cheese that is used to replace Mozzarella on frozen pizza.
According to Sorensen (2001), processed cheese is one of the leading cheese varieties
in the world that are used as ingredient in various food preparations (processed foods and
food service). In the United States, processed cheese is produced and sold in various forms
such as loaves, slices, shreds, and spreads and is used as an ingredient in numerous products.
Processed cheese products are produced by melting and emulsifying cheese via a thermal
process. The cheeses are selected by flavour profile, fat and moisture content, and then grated
and mixed with emulsifying salts, milk fat, milk proteins, milk solids and water in different
28

amounts. It is also common to add other ingredients as desired, such as aromas, colouring
agents, ham, mushrooms, and spices. Processed cheese contains 10-70% natural cheese and it
contributes not only to taste, but also to the structure and functionality of the processed
cheese. The percentage is highly dependent on the level of intact casein in the used cheeses,
which is regulated by mixing young cheeses with more ripened cheeses in the formulations.
Thermal treatment is performed in powerful batch cookers with pasteurization temperatures
varying from 70°C to 95°C, and is often combined with a UHT treatment to increase the
shelf life of the end product. In some markets, the combination of ingredients and the thermal
treatment defines the processed cheese type.
Through years of experience, processed cheese manufacturers realized and mastered
the art of selecting the suitable blend (young and aged natural cheese) in order to get
processed pizza cheese with desired flavor and textural properties (Meyer, 1973; Thomas,
1973). The processed pizza cheese blend has different types that are specified by USDA
according to requirements of consumer. These are based on types, styles, cheeses type, total
fat content and shred sizes of cheeses. Detailed classification of processed pizza cheese is
given in the Table 2.2.
Processed cheese can also be manufactured from mixture of complex ingredients
including diverse types of proteins, gums, stabilizers, fat, minerals and flavorings
compounds. The cheese thus produced is called cheese analogue (Lee et al., 2003). Due to
pasteurization during processing, this class of cheese has more shelf life than the fresh and
ripened cheeses and called ‘semi-preserved food’. Their shelf life varies from three to four
months when packaged in plastic foils, however when stored in metal cans may have longer
shelf lives of 6-12 months (Schar and Bosset, 2002). When the processed cheese is
particularly designed for pizza topping, it should have the specifications as given in the Table
2.3.
Table 2.2 Classification of processed pizza cheese blend specified by USDA
Categories basis

Specification

1.

Type-I Frozen

Type

Type II- Chilled
2

Styles

Style ATwo cheese blend
Style B29

Three cheese blend
Style CFour cheese blend
Style DFive cheese blend
Style ESix cheese blend
Style FOthers (Specified by the consumer)
3

Total fat content

a - Standard fat content
b - Reduced fat content (21 CFR 101.62)

4

Shred sizes

Shred size i - 3.2 x 3.2 mm (1/8 x 1/8 in) in length and width
Shred size ii - 3.2 to 38.1 mm (1/8 to 1-½ in) in width and 1.6 x 1.6 mm (1/16 x 1/16
in) in length
Shred size iii - Other (as specified by the purchaser)

5

Cheeses

Cheese 1 - Mozzarella (21 Code of Federal Regulations (CFR 133.155)
Cheese 2 - Mozzarella, low-moisture, part-skim (21 CFR 133.158)
Cheese 3 - Mozzarella, low-moisture (21 CFR 133.156)
Cheese 4 - Provolone (21 CFR 133.181)
Cheese 5 - Parmesan (21 CFR 133.165)
Cheese 6 - Romano (21 CFR 133.183)
Cheese 7 - Asiago (21 CFR 133.102)
Cheese 8 - Cheddar (21 CFR 133.113)
Cheese 9 - Monterey Jack (21 CFR 133.153)
Cheese 10 - Colby (21 CFR 133.118)
Cheese 11 - Other (as specified by the purchaser)

Source: CID, (Commercial Item Description) 2012 (A-A-20096A)
Table 2.3 Quality specification of processed pizza cheese blends
Quality parameters
Flavor and odor
Body and texture
Color

Specifications
The pizza cheese blend shall have a soft pleasing flavor typical of the
cheeses used in the blend.
The shredded pizza cheese blend shall not be compacted and free flowing
The pizza cheese blend shall have a consistent bright color and a striking
sheen appropriate
Source: Source: CID, 2012 (A-A-20096A)
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2.10 Factors influencing the quality of processed cheeses
Some factors that influence the quality of processed cheeses are discussed below.
2.10.1 Emulsifying salts
Processed pizza cheese properties are controlled by emulsifying salts and behave
differently alone and in combination. Some salts change pH when used alone while in group,
they are binder of calcium. Citric acid and phosphoric salts are usually used in process cheese
including


Sodium citrate



Sodium aluminum phosphate (SALP)



Monosodium phosphate (MSP)



Disodium phosphate (DSP)



Trisodium phosphate (TSP)



Tetrasodium tripolyphosphate (TSTPP)



Sodium tripolyphosphate (STPP)



Sodium hexametaphosphate (SHMP)



Insoluble metaphosphate (IMP)
These salts have a natural tendency to unite calcium, together with that in casein

threads. These salts participate in an ion-exchange process by giving calcium bound to casein
to sodium, hence improve proteins emulsifying capacity. Some salts weakly bind calcium
therefore creating week emulsion. These salts are commonly used for soft and high
melted cheeses. In this category sodium citrate, SALP, DSP and TSP are included. TSP is
generally used in mixture with other salts because increases pH of the cheese. MSP is not
used in cheese because it decreases cheese pH to unacceptable level(Guinee et al., 2004).
STPP, TSTP and SHMP all combine with calcium strongly than the salts described
above, and TSTPP binds most strongly. These salts give outstanding emulsification, and
create firm, non-melting cheeses. "Polyphosphates can offer a 'creaming effect' by their
connections with the proteins, which provides thicker and creamy texture. Some salts have
stronh emulsification power therefore it is used in combination with other salts that has low
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emulsification power. For example IMP is insoluble therefore it is used alone. It is mixed
with a other salts like DSP or TSP (Chen and Liu, 2012).
Emulsifying salts and their concentration play an important role for the texture
development of processed cheese. The emulsifying salt i.e. tri-sodium citrate (TSC) in
processed cheese formulation chelate calcium from paracaseinate complex by disordering the
calcium bridges of natural cheese that enable dispersion and solubilization of the casein
(Guinee et al., 2004). A high level of TSC in preparation may cause excessive disintegration
of the paracaseinate complex whereas, a reduced level of TSC in a formulation may leave
aggregated paracasein complex. This results in more viscous product due to excessive
protein-protein interaction and more fibrous structure, upon heating and mixing of cheese
(Meyer, 1973).
Age of the natural cheese is an important factor to control the emulsifying level in
processed cheese (Hassan et al., 2004a). As TSC salt causes disintegration of paracaseinate
complex, so after 4 week of ripening the small amount of TSC can cause complete
disintegration. In a cheese that has less than 4 week of ripening, small amount may not be
suitable for complete disintegration. Therefore, TSC level in processed cheese formulation is
an important factor to control the VAM when young natural cheese of less than 4 week ages
are used in formulation.
2.10.2 Aging and intact casein
During ripening, the intact casein (CN) content of natural cheeses decreases due to
the breakdown of casein into peptides with the help of enzymes, starter and non-starter lactic
acid bacteria that are present in the cheese (Purna et al., 2006). This decrease in casein
contents is related with increase in meltability of aged cheeses as compared to fresh cheese.
Therefore, a blend of natural and aged cheeses is an important strategy to obtain processed
cheese of good functional characteristics (Meyer, 1973). When the age of natural cheese
increases, the firmness of the un-melted processed cheese decreases (Piska and Stetina, 2003;
Purna et al., 2006) and meltability of processed cheese increases (Olson et al., 1958; Purna et
al., 2006).
Cheeses maturing process undergoes hydration and hydrolysis of casein, this results
in the weakening of the structure which increases melting characteristics of cheese
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(Wadhwani et al., 2011). The hardness reduced during ripening for all type of cheeses due to
proteolysis and protein matrix hydration. Zisu and shah (2007) studied the effect of ripening,
fat replacer and pre-acidification on the texture of cheese. In their study the cheeses with
exopolysaccharides (EPS) producing starter culture were hard at all-time points. This
hardness was due to their high protein and low moisture content. They have concluded that
most suitable cheeses were EPS cheeses after 28 d of maturation, other cheese were desirable
at 14 day of storage after that it becomes very soft.
2.10.3 Heating temperature and holding time
During heating and melting of cheese, milk proteins and fats becomes soft to different
degrees of pliability and usability. When a cheese is heated, the protein matrix collapses,
encouraging the flow of cheese into a more liquid form. Kuo et al. (2001) studied the effect
of heat treatments on the meltability of cheese. Cheddar and low moisture part skim
Mozzarella cheese at 1, 3, 6 and 12 wk of aging were heated at 60°C and given holding time
of 0, 10, and 20 min before allowing the melted cheese to flow. Mean meltabilities, for both
Cheddar and Mozzarella cheeses of all ages decreased as holding time increased. Meltability
of young cheese was little affected by the holding time, while the older cheese meltability
was greatly reduced as holding time increased.
During heating of cheese, energy is adsorbing by protein matrix which influences the
interactions (Meyers, 1990). Hydrophobic interactions under entropic control are
strengthened, while others like electrostatic, van der Waals’ interactions and hydrogen bonds
are weakened. Due to temperature dependencies, proteins become unfold in the 60 to 80°C
temperature range. When hydrophobic sites are exposed due to unfolding, excitation of
hydrophobic interactions takes place that result in the aggregation of the protein molecules
(Nakai, 1983). When cheeses held at appropriate temperature for longer time, the caseins
aggregate that decrease cheese meltability. Swenson et al. (2000) found opposite results
that increased cooking time produced softer, more meltable cheeses, while increases in
cook temperature decreased firmness and increased meltability and spreadability.
2.11 Microstructure of cheese
Cheese structure perceived at first sight is an important quality attribute. Cheese
microstructure is particularly related to its matrix formed by casein chains. Chemical bonds
exist between the native fat globule/membrane and the protein matrix in cheese. Casein
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micelles which adsorbed on the fat particles interacted with other micelles, causing the fat
globules to become part of the gel strand structure after treatment with rennet and undergo
changes during processing and ripening (Ong et al., 2011). Many of the properties of cheese
such as cheese texture and ﬂavour are determined by the spatial arrangement of components
including: the casein particles that form a protein matrix, the fat globules, dispersed water
and minerals (Everett, 2007). The arrangement of these components on the micron scale is
known as the microstructure of cheese. In Cheddar cheese, this microstructure develops when
milk coagulates to form a gel, usually through the enzymatic action of chymosin. Changes in
process conditions or the choice of ingredients can alter the microstructure of the gel, curd
and cheese considerably and thus the functional properties of the final cheese product. The
ability to image and characterize these changes will provide an important tool for the quality
control of cheese and other dairy products. Ripening is a biochemical reaction which occurs
during storage of cheese and results in modification in microstructure. Redistribution of
protein and water rather than changes in fat globules is the main cause for structural changes
in mozzarella during storage (El-Bakry and Sheehan, 2014).
Mozzarella is a fresh cheese having different microstructure from that of cheddar
cheese in which ripening process elongates the protein matrix. Processing parameters like
gelation temperature, high pressure and temperature and freezing change cheese
microstructure. In addition, species type, culture and salt also contribute to the microstructure
of mozzarella cheese. Following are different factors and ingredients that affect the
microstructure of cheese.
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CHAPTER 3

MATERIALS AND METHODS
The natural Cheddar and Mozzarella cheese were manufactured in dairy processing
hall of National Institute of Food Science and Technology (NIFSAT), University of
Agriculture Faisalabad (UAF). These cheeses were used in production of processed Pizza
cheese at Noon Dairy Bhalwal Sargodha. The physicochemical, proteolysis, microbiological
and baking performance were conducted in respective labs of NIFSAT while microscopic
and HPLC analysis were conducted in Hi-Tech. lab UAF.
3.1 Procurement of raw material
Buffalo milk for the preparation of Mozzarella and Cheddar cheese was procured
from the Dairy Farm UAF, Faisalabad. Mixed mesophillic starter culture Lactococcus lactis
subsp. lactis and Lactococcus. lactis subsp. cremoris and thermophillic culture Streptococcus
thermophillus and Lactobacillus bulgaricus were obtained from “Chr. Hansen” company in
freeze dried form for Cheddar and Mozzarella cheese respectively. Chymosin (Chy-max,
Pfizer Inc, Milwaukee, WI, USA) used as coagulant in both Mozzarella and Cheddar cheese.
Emulsifying salts disodium phosphate and trisodium citrate of Fooding Group Limited were
procured from local supplier for manufacturing of processed Pizza cheese.
3.2 Physicochemical analysis of buffalo milk
Milk was analyzed for physicochemical composition such as pH, acidity, fat, protein,
casein and calcium content.
3.2.1 pH
The pH of buffalo milk samples was directly noted from the electronic digital pH
meter (Hanna, HI-99161) after calibration with buffer solution of pH 4 and 7.
3.2.2 Acidity percentage
Acidity in milk samples was determined by the method No. 947.05 (AOAC, 2000),
titrating 10 mL of milk sample against 0.1 N NaOH till the appearance of light pink end point
which persists for few min in the presence of phenolphthalein as indicator. The acidity (%)
was calculated on lactic acid basis using following expression.
% Acidity =Volume of NaOH used × 0.009× 100
Volume of milk
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3.2.3. Fat content
The Gerber method was used to determine the fat content in milk samples (Marshall,
1993). The 10.94 mL milk sample was taken into a butyrometer containing 10 mL H2SO4.
The amyl alcohol was also added slowly on top of milk along the wall of the butyrometer for
better fat separation. The butyrometer was closed with the rubber cork and contents were
mixed. The butyrometer was then kept in a water bath at 65°C for 5 min until complete
digestion. Afterwards, butyrometer was centrifuged at 1100 rpm for 5 min, then allowed to
stand in a water bath at 65°C for 5 min before carrying out the direct reading of the fat
content from the neck of the butyrometer.
3.2.4. Total protein content
The protein content in milk sample was estimated by using Kjeltec System (D-40599,
Behr Labor Technik GmbH, Germany) based on Kjeldahl’s method (991.20) of AOAC
(2000).For the digestion of sample, 10 mL of milk was taken in digestion tube, two digestion
tablet (containing 5 g K2SO4and 0.005 g selenium) and 20 mL N-free H2SO4 were added to
it.In one tube, digestion tablet and acid was added without sample (blank). All the tubes were
transferred to digestion block and heated first at 230°C to control foaming then at 430°C.
Continued digestion until the digest became clear. Attached the digestion tube containing
digest with the distillation unit and distillation was conducted in the presence of 40% NaOH
and distillate was collected in conical flask containing 4% boric acid solution. In the last,
contents in conical flask were titrated against 0.1 N solution of N-free H2SO4 and volume
used was noticed when the pink color appeared.
The nitrogen was calculated by the formula;
Nitrogen (%) = Volume (sample-blank) H2SO4× 0.0014× 100
Weight of sample
Protein (%) = N (%) × 6.38
3.2.5. Casein content
Casein content in milk was determined (Method No. 998.06; AOAC, 2000) after
precipitation of casein at pH 4.6. The acidified solution, which contains the non-casein N
components of the test portion, was separated from casein precipitate by filtration. The filter
paper along with residue was placed in hot air oven for drying. After drying filter paper
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wrapped casein was subjected to Kjeldhal’s method to determine casein nitrogen and then
multiplied with 6.38 to get casein % in the sample.
3.2.6. Total solids
The moisture content of the milk samples was calculated after subtraction the weight
of the dried sample from the wet sample following the equation as given below
Moisture (%) = Weight of wet sample – Weight of dried sample × 100
Weight of sample
3.2.7. Calcium content
The calcium content in milk was determined by using flame photometer (Sherwood
Flame Photometer 410, Sherwood Scientific Ltd. Cambridge, UK) by following the method
described by Kirk and Sawyer, (1991).
3.3. Preparation of cheeses
The milk was standardized at 3% fat for both Mozzarella and Cheddar cheese. The
fresh buffalo milk was decreamed with the help of cream separator then the fat content was
adjusted by following Pearson’s square method. The Cheddar cheese was prepared and
ripened for 2 and 4 months. The Mozzarella cheese was prepared in two batches, first when
the cheddar cheese was ripened at 2 month and then at 4 months. Both these cheeses were
used in the production of process Pizza cheese, however the Mozzarella cheese was used
fresh.
3.3.1. Manufacturing of Cheddar cheese
Cheddar cheese was prepared by following the method described by Ong et al.
(2006). Standardized milk (100 L) was pasteurized at 65°C for 30 min and transfer to 200 L
capacity cheese vat and cooled to 31°C for inoculation (Figure 3.1).
3.3.2. Manufacturing of Mozzarella cheese
Mozzarella cheese was prepared by following the method of Zisu and Shah, (2007)
with slight modification in order to standardize the processing steps for buffalo Mozzarella as
the milling was done at 4.9 pH because of their maximum stretching at this pH. In addition,
stretching the necessary step for mozzarella was excluded, as the cooking was carried out
during blending of Mozzarella and Cheddar in Pizza cheese preparation (Figure 3.1).
3.4. Physicochemical analysis of Mozzarella and Cheddar
3.4.1. Moisture content
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The moisture content in cheese was determined by drying samples in hot air oven 103
±5°C till the constant weight of dried cheeses is obtained (Method No. 926.08; AOAC,2000).
First the enough amount of sand was added to the dish to cover bottom of dish. Then dish
was placed in oven at 103°C for 1 h. After removal from the oven, it was placed in
desiccators to cool. The dish was weighed and denoted as W1. After that, ~ 2 g of grated
cheese was weighed (W2) in the dish and mixed cheese with sand carefully using glass rod
and placed in oven at 103°C for 5 hr. Then removed from oven and allowed for cooling in
the desiccator and recorded the weight (W3). Moisture was calculated by using following
expression.
Moisture (%) = W2 - W3 ÷W2 – W1× 100
3.4.2. pH
The slurry prepared by blending 20 g of grated cheese sample with 12 mL of distilled
water was used to measure the pH of cheese at 25°C with a pH meter (Hanna, HI-99161)
after calibrating with fresh pH 4.0 and 7.0 standard buffers (Ong et al., 2007).
3.4.3. Acidity percentage
Acidity in cheese was determined by titration (Method No. 920.124; AOAC, 2000).
The grated cheese sample (1 g) was mixed with warm water to a volume of 10 mL,
vigorously shaked and filtered. Filtrate was titrated with 0.1N NaOH using phenolphthalein
as indicator.
Acidity % (lactic acid) = Volume of NaOH × 0.009 × 100
Volume of milk
3.4.4. Protein content
The protein (nitrogen) contents were determined by Kjeldahl method using kjeltec
system (D-40599, Behr Labor Technik, Germany) as given in IDF (20B; 1993). The grated
cheese sample (1 g) was digested in Kjeldhal digestion flask with 25 mL concentrated N-free
sulfuric acid and 2 digestion tablets until clear solution was obtained. The ammonium
trapped in sulfuric acid was released by adding 40% sodium hydroxide through distillation
and collected in boric acid solution. Then it was titrated against 0.1 N hydrochloric acid to
determine the amount of nitrogen. Nitrogen was calculated by the following formula.
Nitrogen (%) =

Volume (sample-blank) HCl × 0.0014 × 100
Weight of sample
Protein % = N % × 6.38
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3.4.5. Fat content
The fat content in cheese was determined by Gerber method as described by Marshall
(1993). The grated cheese sample (3g) was first wrapped in grease proof cellophane paper
and then inserted slowly into cheese butyrometer (3 g)containing 10 mL of sulphuric acid 3
mL distilled water. The 5 mL distilled water at 60°C was added along the wall of
butyrometer above the sample. In the last 1 mL amyl alcohol was added to it. The
butyrometer was shacked vigorously to dissolve cheese particles completely and then kept in
a water bath at 85°C for 15 min until complete digestion. Afterwards, butyrometer was
stopped up and centrifuged at 1300 rpm for 5 min, then allowed to stand in a water bath at
65°C for 5 min before carrying out the direct reading of the fat content.
3.4.6. Total calcium content
Total calcium was determined according to the method described by Metzger et al.
(2000) with some modifications. The cheese samples were mixed with 0.1M Trisodium
citrate (pH 8) and heated to 37°C mixed with equal volume of 24% Ttrichloro acetic acid. It
was filtered through the Wattman filter paper 213 and with the addition of 5 mL of 10%
lanthanum oxide to 5 mL filtrate and dilute up to 100 mL with deionized water and for the
measurement of the Ca content in an atomic absorption spectrophotometer (model 240FSAA;
Santa Clara, United States, CA). The atomic absorption spectrophotometer was calibrated
with reference standards prepared from calcium reference solution (1000mg/L Ca, 514870,
Sherwood Scientific Ltd, Cambride, UK).
3.4.7. Water soluble (WS) calcium content
The water soluble calcium was determined by blending 5g of cheese and 50 g of
distilled water at 60°C for 30 sec with laboratory homogenizer (Model 125 Thermo Fisher
Scientific Inc, NYSE, TMO. The cheese plus water slurry was then ﬁltered (Whatman #1).
The calcium content was measured in the filtrate as water soluble calcium using the
procedure as mentioned in section No. 3.4.6.
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Figure 3.1 Flow diagram for Mozzarella and Cheddar cheese
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3.5 Manufacturing of Pizza cheese
Processed Pizza cheese blends were prepared by following method of Shirashoji et al.
(2006) with slight modification in emulsifying salts concentration and emulsifying salts were
used at level of 2% in the study. The detailed diagram of processed cheese manufacturing is
given in Figure 3.2. Processed cheese was manufactured by blending the Mozzarella and
Cheddar cheese with different proportions in a steam jacketed cooker (Blentech Corp.,
Rohnert Park, CA) at 80°C for 10 min with the addition of 5% water and 2% emulsifying
salts. The molten cheese was molded in pans and cooled at 5°C overnight. Processed cheese
blocks were then repacked, vacuum-sealed, and stored again at 5°C for further analysis.
Different proportion of Mozzarella and Cheddar cheese used in the study is mentioned in the
Table 3.1.
Table 3.1 Treatment plan
Baking of Pizza cheeses
(Microwave and conventional methods)
Pizza cheese Codes

Mozzarella Cheese

Cheddar Cheese

Cheddar Cheese

(2 month ripened)

(4 month ripened)

PC0

100%

0%

-

PC1

75%

25%

-

PC2

50%

50%

-

PC3

25%

75%

-

PC4

75%

-

25%

PC5

50%

-

50%

PC6

25%

-

75%

3.6. Physicochemical analysis of Pizza cheeses
The physicochemical composition i.e. moisture (Method No. 926.08; AOAC, 2000),
pH (Ong et al. 2007), acidity (Method No. 920.124; AOAC, 2000), protein IDF (20B; 1993),
fat Marshall (1993), total calcium, water soluble calcium Metzger et al. (2000) contents of
amalgamated Pizza cheeses were determined by following the standard methods.
3.6.1. Moisture content
The moisture content in cheese was determined by drying samples in hot air oven 103
±5°C till the constant weight of dried cheeses is obtained (Method No. 926.08; AOAC,
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2000). First, the enough amount of sand was added to the dish to cover bottom of dish. Then
dish was placed in oven at 103°C for 1 h. After removal from the oven, it was placed in
desiccators to cool. The dish was weighed and denoted as W1. After that, ~ 2 g of grated
cheese was weighed (W2) in the dish and mixed cheese with sand carefully using glass rod
and placed in oven at 103°C for 5 hr. Then removed from oven and allowed for cooling in
the desiccator and recorded the weight (W3). Moisture was calculated by using following
expression.
Moisture (%) = W2 - W3 ÷W2 – W1× 100
3.6.2. pH
The slurry prepared by blending 20 g of grated cheese sample with 12 mL of distilled
water was used to measure the pH of cheese at 25°C with a pH meter (Hanna, HI-99161)
after calibrating with fresh pH 4.0 and 7.0 standard buffers (Ong et al., 2007).
3.6.3. Acidity percentage
Acidity in cheese was determined by titration (Method No. 920.124; AOAC, 2000).
The grated cheese sample (1 g) was mixed with warm water to a volume of 10 mL,
vigorously shaked and filtered. Filtrate was titrated with 0.1N NaOH using phenolphthalein
as indicator.
Acidity % (lactic acid) = Volume of NaOH × 0.009 × 100
Volume of milk
3.6.4. Protein content
The protein (nitrogen) contents were determined by Kjeldahl method using kjeltec
system (D-40599, Behr Labor Technik, Germany) as given in IDF (20B; 1993). The grated
cheese sample (1 g) was digested in Kjeldhal digestion flask with 25 mL concentrated N-free
sulfuric acid and 2 digestion tablets until clear solution was obtained. The ammonium
trapped in sulfuric acid was released by adding 40% sodium hydroxide through distillation
and collected in boric acid solution. Then it was titrated against 0.1 N hydrochloric acid to
determine the amount of nitrogen. Nitrogen was calculated by the following formula.
Nitrogen (%) =

Volume (sample-blank) HCl × 0.0014 × 100
Weight of sample
Protein % = N % × 6.38
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3.6.5. Fat content
The fat content in cheese was determined by Gerber method as described by Marshall
(1993). The grated cheese sample (3g) was first wrapped in grease proof cellophane paper
and then inserted slowly into cheese butyrometer (3 g)containing 10 mL of sulphuric acid 3
mL distilled water. The 5 mL distilled water at 60°C was added along the wall of
butyrometer above the sample. In the last 1 mL amyl alcohol was added to it. The
butyrometer was shacked vigorously to dissolve cheese particles completely and then kept in
a water bath at 85°C for 15 min until complete digestion. Afterwards, butyrometer was
stopped up and centrifuged at 1300 rpm for 5 min, then allowed to stand in a water bath at
65°C for 5 min before carrying out the direct reading of the fat content.
3.6.6. Total calcium content
Total calcium was determined according to the method described by Metzger et al.
(2000) with some modifications. The cheese samples were mixed with 0.1M Trisodium
citrate (pH 8) and heated to 37°C mixed with equal volume of 24% Ttrichloro acetic acid. It
was filtered through the Wattman filter paper 213 and with addition of 5 mL of 10%
lanthanum oxide to 5 mL filtrate and dilute up to 100 mL with deionized water and for the
measurement of the Ca content in an atomic absorption spectrophotometer (model 240FSAA;
Santa Clara, United States, CA). The atomic absorption spectrophotometer was calibrated
with reference standards prepared from calcium reference solution (1000mg/L Ca, 514870,
Sherwood Scientific Ltd, Cambride, UK).
3.6.7. Water soluble (WS) calcium content
The water soluble calcium was determined by blending 5g of cheese and 50 g of
distilled water at 60°C for 30 sec with laboratory homogenizer (Model 125 Thermo Fisher
Scientific Inc, NYSE, TMO. The cheese plus water slurry was then ﬁltered (Whatman #1).
The calcium content was measured in the filtrate as water soluble calcium using the
procedure as mentioned in section No. 3.4.6.
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Figure 3.2 Flow diagram for the manufacturing of Pizza cheese

3.7. Organic acids in cheese
High performance liquid chromatography (HPLC) was used to determine organic
acids (Lactic, Acetic, Citric and Pyruvic) contents in pizza cheeses following the method of
Akalin et al. (2002) with some modifications. For the extraction of organic acids, 7 g of
grated sample was added to 40 ml of buffer-acetonitrile mobile phase (0.5% (W/V)
(NH4)2HPO4 (0.038 M) − 0.2% (V/V) acetonitrile (0.049 M), at pH 2.24 with H3PO4),
agitated for 1 h on a shaker (JK Ultra Turrax IKA T18 basic) at 10,000 rpm for 5 min. and
then centrifuged at 6000×g for 5 min. The supernatant was filtered once through Whatman
#1 filter paper and twice through a 0.45 µm membrane filter (Sartorious SM 11606,
Goettingen, Germany) and then used directly for HPLC analysis.
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The operating conditions were: mobile phase, aqueous 0.5% (wt/vol) (NH4)2HPO4
(0.038 M) − 0.2% (vol/vol) acetonitrile (0.049 M) adjusted to pH 2.24 with H3PO4; flow rate
0.5 ml/min and ambient column temperature. All the used reagents were from Sigma
(Chemical Co., St. Louis, MO) and reverse-phase Skim-Pack C18 (LC) column from
SHIMADZU Corporation, Japan. Both solvents and standard solutions were filtered through
a 0.45-µm membrane filter (Sartorious SM 11606) before using. A HPLC (LC-10 AT VP
Series, SHIMADZU Corporation, Japan) equipped with UV-VIS detector and auto-sampler
was used in the analysis and chromatogram were detected at 214 nm.
3.8. Proteolysis in Pizza cheeses
3.8.1. TCA soluble nitrogen
The grinded cheese sample was mixed with 12% TCA solution followed by filtration
through Whatman No. 42 filter paper. The measurement was done by Kjeldhal digestion and
distillation method (David et al., 2004).
3.8.2 pH 4.6 soluble nitrogen
Pizza cheese was homogenized with the twice volume of distilled water. Then the
slurry was adjusted to pH 4.6 by using 1 N HCl was held for 30 minutes at room temperature.
After that, pH was readjusted and placed the homogenate at 40°C in water bath for 1 hour.
Then centrifuged at 4290xg for 30 minutes and filtered the supernatant through Whatman
No. 113. The peptide measurement was done by determining the N content through Kjeldhal
digestion and distillation (Kuchroo et al., 1982).
3.8.3 Electrophoresis
The insoluble fraction at pH 4.6 from the above section (3.11.2) were lyophilized at 40°C (LYO Chamber GUARD, 121550 PMMA, Germany) for urea-PAGE. The freeze dried
samples were dissolved in 1 mL sample buffer and incubated at 55°C for ten minute. The
standard (8 uL) and samples (10 uL) were loaded in the gel using micropipette. The
electrophoresis unit (Electrophoresis Mini Protean, Biorad) was assembled immediately
before use. The samples were run through the stacking gel at 112 volts and then 224 V for
separating gel. After specified time, the gels were removed and then stained and de-stained
with respective solutions according to the method described by Sheehan et al. (2004). The
preparation solution for urea page is given in Table 3.2.
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Table 3.2 Preparation of Urea-Page solutions
1.

2.

Separating gel buffer (Stored 4.6 g Tris (mw121.14) dissolved in 50 mL dH2O
at 40C)

50 mL 8M urea (mw 60.06) stock

2.63M Tris-HCl @ pH 8.9

5M HCL to adjust the pH 8.9

Stacking gel buffer

7.27 g Tris dissolved in 50ml dH2O

0.6M Tris-HCl @pH 6.7

50 mL 8M urea stock
5M HCL to adjust the pH 6.8

3.

5X electrode buffer (4 °C). 30g Tris 155 g glycine (mw75.07)
0.05M Tris (final Molarity)

Made up in 1L dH2O

0.38M Glycine
4.

Sample buffer (4 °C)

7.27g Tris dissolved in 80 mL 8M urea stock

0.6M Tris-HCl @ pH 6.7

Used 5M HCl to adjust to pH 6.7

0.002% Bromophenol blue

2mg bromophenol blue

20% 2-β-mercaptoethanol

20ml 2- β-mercaptoethanol

All the solutions below are stored at ambient temperature
8M urea stock

48.048 g urea in 100 mL dH2O (or 120.12 g in 250 mL)

10% APS

Prepared fresh, as required, from APS stored in PAGE desicator

TEMED

Used directly from the bottle

Stain solution

1g coomasie blue G250 dissolved in 400 mL methanol added in 100 mL
acetic acid and made up to 1 liter with dH2O

Destain solution

400ml methanol was mixed with 100ml acetic acid and made up to 1litre
with dH2O

Gel recipe
Separating gel

Stacking gel

Separating gel buffer

1.467 mL

dH2O

1.5 mL

Acrylamide stock

3.0 mL

TEMED

3 µL

Ammonium persulphate (APS)

30 µL

Stacking gel buffer

0.5 mL

dH2O

1.22 mL
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Acrylamide stock

0.267 mL

TEMED

2 µL

APS

10 µL

3.8.4 RP-HPLC
Preoteolysis in freeze dried insoluble fraction (4.6 pH) of pizza cheeses was
determined by following the method described by Verdini et al. (2004). Approximately 10
mg powder for each sample was dissolved in 0.5 mL urea solution (48g Urea, 2g Tris, 1.3 g
Sodium citrate and 300 µl mercaptoethanol/100 mL) and 1.5 mL TFA/Water solution
(Christensen et al., 1989). The solution was mixed and ﬁltered through 0.2 µm ﬁlter (Fisher
Scientific, Ireland) and injected (20 µL) into the HPLC system (Shimadzu, Japan). A Shimpack CLC-ODS (C-18), 250 cm × 4.6 mm, 5 µm column (Phenomenex, Macclesfield,
Cheshire, UK), UV detector (SPD-10AV, Shimadzu, Japan) and pump (LC-10AT,
Shimadzu, Japan) at room temperature was used for chromatographic separations. Detection
was carried out at 214 nm.
Gradient elution was used with solvent A: 0.1% triﬂuoroacetic acid (TFA) in water
and solvent B: 0.1% TFA in acetonitrile. The gradient program was: initial composition 0%
B, isocratic step at 0% B for 5 min, linear step to 25% B in 5 min, linear step to 35% B for 30
min, linear step to 50% B in 10min, isocratic step at 50% B for 10min. Flow rate was 1.0 mL
min-1.
3.9. Textural profile of Pizza cheeses
The Texture profile of pizza cheeses was determined by performing the texture
profile analysis (TPA) of the cheese samples on TA-XT Plus Texture Analyzer (StableMicro
Systems, Godalming, Surrey, UK) by using compression plate. Cheese samples were placed
in air tight plastic bags and equilibrated at 8°C for 18 h. Cubes of 25mm length, width and
height were cut from each sample using a stainless steel wire cutter and equilibrated at 8°C
for a further 30 min before analysis. Samples were removed from the incubator and
immediately compressed to 30% of the original height in 2 consecutive cycles (i.e., double
compression) at a rate of 1 mm/s (Zisu and Shah, 2007). The parameter of textural profile are
defined in Table 3.3.
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Table 3.3 Deﬁnition and calculated TPA parameters of the TA-XT2i texture analyzer
used to measure cheese samples texture
Parameters

Descriptive definition

Hardness

Force Fmax required for 30% compression (g)

Cohesiveness

Area-II/Area-I (ratio)

Springiness

Length-II/Length-I (ratio)

Gumminess

Hardness x Cohesiveness (unitless)

Chewiness

Gumminess x Springiness (unitless)

3.10. Meltability of Pizza cheeses
The meltability of each sample was determined by using glass tube of known length
and thickness. The cheese samples were compressed in glass tubes by plunger and length was
noted by using Vernier-caliper. The glass tube was stored at 4°C for 4 hrs afterwards heating
was done at 110°C for 100 min. The melting length was again noted through Vernier-caliper
(Zisu and Shah, 2007).
3.11. Stretchability of Pizza cheeses
The stretchability of cheeses was measured after evenly distribution of shredded
cheese (0.25g/cm2) samples on pizza base (pre-cut in half) and baking at 280°C for 4 min.
One half of the pizza was clamped and the unclamped section was manually pulled until the
extended string that joining the both section of pizza base completely broke. The stretch was
recorded by measuring the distance between the pizza halves.
3.12. Expressible serum of pizza cheeses
Serum in pizza cheeses was expressed by centrifugation at 12500g at 20°C as
described by Guo and Kindstedt (1995). Pre-weighed graduated cylinder was used to collect
expressed serum and fat then it was stored at 4°C for the solidification of surface layer. The
fat layer was pierced to get the supernatant serum. The weight of serum was taken as
expressible serum and expressed as cheese moisture in g /100g.
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3.13. Baking performance of Pizza cheeses on toping
The color of pizza cheeses samples before and after baking (177°C for 15 min) was
determined by using Minolta colorimeter (Model CR-300, Minolta Camera Co, Tokyo,
Japan) (Shaker et al., 2012). Three color indices were measured: L* (white to black), a*
(blue to green) and b* (yellow to red). Each index was measured at 3 points around the
circumference of the cheese of the baked and unbaked pizza.
3.14. Descriptive sensory evaluation of Pizza cheeses
The sensory evaluation of pizza cheeses was carried out through descriptive sensory
analysis after cooking by two methods (Microwave and conventional). Fifty grams of each
shredded pizza cheese sample was toped on pizza dough for both cooking methods. The
microwave treatment consisted of heating Pizza cheese for 2 min (Dawlance Model DW395HP). Cooking in oven was carried out 15 min at 177°C in Sears Kenmore Model 73791
gas oven (Chicago, IL).
Pizza cheeses attributes were evaluated by a panel of seven assessors, selected from
the National Institute of Food Science and Technology. They were first introduced to
appearance, textural and flavor descriptors of melted cheese and then trained how to conduct
sensory evaluation by following hedonic scale. Sensory descriptors of appearance
(meltability, oiliness, edge browning, surface rupture) texture (stringiness, stretchability,
firmness, tooth pull) and flavor (Cheddary, acidic, rancid, bitter and salty) were selected
(Asato, 2003) for the study. The sensory descriptors along with their definitions and
evaluation techniques are given in Table 3.4. The descriptive sensory analysis was combined
with multivariate statistical analysis to provide a useful tool to assess the sensory differences
arising from various treatments.
Table 3.4 Sensory descriptors and definitions along with their evaluation techniques
Appearance descriptors
Descriptor

Definition

Evaluation Techniques

Meltability

Homogeneity of the sample

Look at the top view of the sample

Oiliness

Quantity of oil resting on the top of on the pizza topping and determine
the sample

Edge

quantity of descriptor present

Amount of browning present on the
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browning

edges of the sample

Surface

Diversity of the surface of the sample

rupture

Texture Descriptors
Descriptor

Definition

Evaluating techniques

Stringiness

Number of strings that result Dip fork into center of
when a fork is put into the sample and extend vertically,
cup and the cheese is pulled simultaneously
up

Stretchability

evaluating

stringiness and stretchiness

Length of the strings that
result when a fork is put into
the cup and cheese is pulled
up
Force required to compress Place 3 g of sample between
between tongue and palate

Firmness

tongue and press against
palate to evaluate firmness 1,

Force required for the teeth
to separate from the sample

then move sample between
molars,

bite

down

and

evaluate tooth pull

Tooth pull

Flavour descriptors
Descriptor

Definition

Evaluating techniques

Cheddar flavor

Intensity of cheese flavor

Take specific amount of

Acidic

Intensity of lactic acid

cheese in mouth and observe

Rancid

Intensity of soapy flavor

the

Bitter

Intensity of caffeine

attributes with the sense of

Salty

Intensity of salt

taste and smell

intensity

of

flavor
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3.15. Microstructure of Pizza cheeses
The impact of amalgamation of different cheese blends on the pizza cheeses was also
examined by using scanning electron microscopy (SEM) following the method of Savello et
al. (1989). Cheese samples approximately 1×1×10-mm, were cut using razor blade from the
interior of the cheese block and immediately fixed in 2.8 g/100 g glutaraldehyde in a 0.05
mol/L sodium phosphate buffer (pH 6) for 48 h at 7°C. The fixed cheese samples were
dehydrated for 15 min in graded ethanol series like 25, 50, 75 and 100/100 mL. The samples
were then defatted three times with chloroform, for 15 min each. The defatted samples were
dehydrated three times with absolute ethanol 15 min each. The dried, fractured cheese
samples were mounted on aluminum SEM stubs using a carbon-based tape and examined in a
scanning electron microscope operated at an accelerating voltage of 1.6 kV.
3.16. Statistical analysis
The data was analyzed statistically by using Minitab Statistical Package. Complete
Randomized Design (CRD) and multiple degree of freedom contrast system was used to find
the difference between means at 5% level of significance. The means were compared by
using Tukey’s test after their significant difference (Steel et al., 1997). All the experiments
were repeated 3 times and analysis was carried out at least in duplicate. The data was
presented as mean values ± Standard error (SE).
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CHAPTER 4
RESULTS AND DISCUSSION
In current study, the processed Pizza cheese samples prepared by blending fresh
Mozzarella and ripened Cheddar cheese (2 and 4 month) in different proportions were
analyzed for physicochemical parameters, texture profile, meltability, stretchability,
expressible serum, organic acids and proteolysis. The baking performance of Pizza cheese
was also assessed by color. Descriptive sensory analysis was carried out to inspect the
behavior of Pizza cheeses under two cooking methods (microwave and conventional oven
cooking) on Pizza topping.
4.1. Compositional analysis of buffalo milk
Milk composition, particularly protein and calcium contents have great impact on the
quality of cheese (Guinee et al., 2000). Buﬀalo milk has higher content of fat, lactose,
protein, vitamins, minerals and total solids which make it ideal raw material for processing
into cheese and other dairy products (Fundora et al., 2001; Amarjit and Toshihiko, 2003;
Ahmad et al., 2013).
The physicochemical parameters of standardized cheese milk are given in Table 4.1
for Cheddar and Mozzarella (batch I and II). The mean values of fat content present in the
standardized milk was 3.0%. Fat content mainly contributes the meltability of Pizza cheese
(Michael et al., 1999). The acidity and pH of milk used for Cheddar cheese were 0.11% and
6.68 respectively. The milk used for Mozzarella cheese showed 6.60-6.71 pH and 0.120.14% acidity. pH plays a significant role in cheese making as the gelation phase depends on
pH of the milk (Ong et al., 2012). Protein and casein of Cheddar cheese milk were 3.90%
and 3.10%, while for Mozzarella cheese (batch I and II) these values were 3.81-3.85%, 3.013.04% respectively.
The results of the present investigation are in line with the results of various other
research studies (Sameen et al., 2010; Han et al., 2012; Ahmad et al., 2013). Nawal et al.
(2011) also used the buffalo milk for Mozzarella cheese production standardized at 3% fat
level. They reported the 12.32%, 3.93%, 0.170%, 0.16% and 6.75 of dry matter, protein, Ca,
acidity and pH respectively. The Ca content recorded in the buffalo milk varied from 1175 to
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1180 mg/1000g, which was little bit higher as reported by various other researchers in cow
milk. The calcium content of milk varies with change in feed, season and lactation stages.
Patino et al., (2007) studied the milk composition of Mediterranean buffaloes and conveyed
that Ca content varied throughout the year along with other minerals and the lowest value
was noticed during winter. The lower amount of calcium content was also displayed during
advance stages of lactation.
4.2. Physicochemical analysis of Mozzarella and Cheddar cheese
Physicochemical composition of cheese determines its quality and consumer
acceptance because they have direct effect on cheese functionality (Costabel et al., 2007).
Minor changes
Table 4.1 Physicochemical composition of buffalo milk

in fat, protein, Ca, lactose contents and pH value of cheese can modify the quality of cheese
(McMahon et al., 2005). The means of the physicochemical parameter of Mozzarella and
Cheddar cheese (2 and 4 months ripened) are given in Table 4.2. Moisture content of cheese
is a critical factor to determine cheese functionality. The mean values indicated that there is
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difference in the moisture content of both types of cheeses. Mozzarella cheese (batch I and
II) contained 46.50-46.95% moisture content while in case of Cheddar cheese it was 35.36%
and 35.26 in 2 and 4 month ripened respectively. The moisture content in Cheddar cheese
was similar to those reported by (O’Connor and O’Brien 2000; Voigt et al., 2012), they
observed 34-38% moisture content in Cheddar cheese. The means value regarding pH
indicated that the pH of fresh Mozzarella was 4.88 and 4.80 for batch I and II respectively
while for Cheddar cheese ripened for 2 and 4 months was recorded as 5.21 and 5.0
respectively. In a previous study, carried out by (Costabel et al., 2007), pH of the Mozzarella
cheese was recorded in the range of 5.2-5.5. In our study, we used buffalo milk and cheese
was evaluated for its stretchability test at the end of manufacturing, buffalo Mozzarella
cheese showed stretchability at pH 4.8-4.9 rather than pH 5.2-5.5 as reported by Costabel et
al. (2007). The protein contents of Mozzarella cheese were 25.36% and 24.99%, while fat
contents were 23.25% and 23.65% for batch I and II respectively. These results are in
accordance with previous findings of Rowney et al. (2003) who reported 25.8% protein and
24.3% fat in Mozzarella cheese. The protein contents for 2 and 4 months ripened Cheddar
cheeses were 28.23% and 28.20% while fat contents were 29.33% and 29.03% respectively.
These results are in accordance with the previous results of Ong et al. (2007b) who reported
31.03% of fat 27.70% of protein contents in Cheddar cheese. Total calcium for Mozzarella
was in range of 650-655 mg/1000g and for Cheddar was 749-754 mg/1000g. The soluble
calcium was higher (310-370 mg/1000g) for Mozzarella than Cheddar (220-240 mg/1000g
soluble) due to lower pH of Mozzarella cheese. pH and mineral content related as the rate of
acid production determine the mineral content of cheese. Different processing conditions in a
variety of cheese resulted in varied composition and a typical concentration of calcium
(Lucey and Fox, 1993). The results regarding the calcium content found in the present
investigation are in agreement with findings of Rudan et al. (1997) and Guinee et al. (2002).
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Table 4.2 Physicochemical analysis of Mozzarella and Cheddar cheese
Mozzarella cheese

Cheddar cheese

Component
batch I

batch II

2 months

4 months

Moisture %

46.95±1.00

46.50±0.95

35.36 ±47

35.26 ±0.20

pH

4.88±0.01

4.80±0.03

5.21 ±0.05

5.0±0.04

Acidity %

0.90±0.2

0.90±0.2

0.82±0.005

0.88 ±0.01

Protein %

25.36±1.18

24.99±1.21

28.23±0.20

28.20±0.10

Fat %

23.25±1.80

23.65±1.73

29.33±1.15

29.03±1.19

Total
calcium
650.32±16.21
mg/1000g

655.67±15.79

754.61±15.92 749.56±15.83

Water
soluble
310.45±15.32
calcium mg/1000g

330.87±17.42

220.65±7.22

240.56 ±6.21

4.3 Physicochemical analysis of Pizza cheese
4.3.1 Moisture content
Moisture is an important component of cheeses used for their classification. The
melting property and pliability of cheese improves with moisture which is reflected by higher
flow-ability property (Petersen et al., 2000).
The mean square values for moisture content of Pizza cheeses are elucidated in Table
4.3. It was evident from the mean squares that amalgamation of cheeses and their levels
showed significant (p<0.05) effect on the moisture content of Pizza cheeses. It is also clear
from the result that control cheese sample significantly (p<0.05) differ from other treatments
regarding moisture contents of Pizza cheeses. The ripening periods (2 & 4 months) of
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Cheddar cheese also revealed significant affect (p<0.05) on the moisture content of Pizza
cheeses. However, interactive effects of ripening months (Cheddar cheese) with levels of
cheeses was found non-significant (p>0.05) for the moisture content of Pizza cheeses.
The results regarding the mean values for moisture content of Pizza cheeses are expressed in
Table 4.3.1. It is obvious from results that amalgamation of cheeses (types, levels, ripening
period) affects the moisture content of Pizza cheeses. The highest moisture content (51.23%)
was observed in control sample (PC0), while lowest moisture content (46.58%) was recorded
in Pizza cheese (PC6) prepared with amalgamation of Mozzarella (25%) and four months
ripened Cheddar cheese (75%).
The moisture content of Pizza cheeses decreases, as the levels of Mozzarella cheese
decreased and Cheddar cheeses increased, which is clearly visible in Figure 4.3.1. The
highest moisture (50.26 %) was observed in samples having 75% of Mozzarella cheese while
lowest moisture (47.07%) was observed in Pizza cheeses having higher level of Cheddar
cheese (75% four months ripened) and lower level of Mozzarella cheese.
Figure 4.3.1 also indicates the effect of ripening period of Cheddar cheese on the
moisture content of Pizza cheeses. The Pizza cheeses prepared by incorporation of 2 months
ripened Cheddar cheese in Mozzarella cheese have higher mean value (49.44%) for moisture
content than those prepared by amalgamation of 4 months ripened Cheddar cheese with
Mozzarella cheese (48.03%).
The moisture content decreased in amalgamated Pizza cheese as compared to control
(100% Mozzarella) sample. This could be due to impact of moisture differences of natural
Mozzarella and Cheddar cheese as indicated in Table 4.2. The higher level of moisture in
Pizza cheeses with high percentage of Mozzarella might be also due to Streptococcus
thermophillis used as starter culture which has the ability to produce EPS that entrap
moisture and reduces the whey expulsion in Mozzarella cheese (Petersen et al., 2000). The
other reason of increased moisture content could be low pH of natural Mozzarella cheese
(Table 4.2.) which absorbs more water as compared to natural Cheddar cheese that increased
casein hydration property (Guinee et al., 2000a). Higher moisture content in Pizza cheese
with greater Mozzarella cheese in the present investigation is perhaps a consequence of lower
level of calcium in Mozzarella cheese that results in increased casein hydration.
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Table 4.3 Mean squares for physicochemical analysis of Pizza cheeses
Source
variation

of Degrees
of
freedom
6
Treatments

8.322*

0.0266*

0.001727*

1.95289*

4.9035*

3267.86*

Water
soluble
calcium
2003.83*

1

15.921*

0.0224NS

0.004000*

4.66331*

0.7685NS

5162.67*

2204.17*

Month (M)

1

1.674*

0.0512*

0.002938*

0.03380NS

0.0018NS

1404.50NS

1942.72 NS

Level (L)

2

15.480*

0.0392*

0.001672*

3.45515*

14.3223*

4626.50*

3174.06*

MxL

2

0.689NS

0.0038NS

0.000038NS

0.05495NS

Error

14

Control
others

Total

vs.

Moisture

1.594

pH

Acidity

0.0077

0.000238

Protein

0.62604

Fat

Total
calcium

0.0031NS 6497919.3NS

0.4861

710.29

6166309.8NS

105.24

20

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.3.1 Effect of amalgamation of Mozzarella and Cheddar cheese on the moisture (%)
content of Pizza cheeses
Ripening
months

of

Cheddar cheese

2 months

4 months

Treatments

Mozzarella Cheddar
(%)

(%)

Mean ± SE

PC0

100

0

51.23±0.87 A

PC1

75

25

50.80±0.62 B

PC2

50

50

50.00±0.90 C

PC3

25

75

47.54±0.57 D

PC4

75

25

49.72±1.00 C

PC5

50

50

47.81±0.57 D

PC6

25

75

46.58±0.33 E

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.3.1 Effect of ripening months of Cheddar cheese and levels of cheeses on the
moisture content of Pizza cheeses, Different letters indicates treatments are different from
each other.
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These results are in agreement with those of Keller et al. (1974) showing a linear increase
in the moisture content of Mozzarella as the Ca level in the cheese decreased. The reduction of
moisture in Pizza cheeses with ripening of Cheddar cheese could be a result of change of
physical state of water in cheese, as during ripening the water gets chemically bound which
reduces the moisture content in ripened Cheddar cheese. Fox et al. (2000) also depicted similar
results that in the later stages of maturation proteins became hydrated and water gets chemically
bound as one molecule of water is added to each bond that converts protein into amino acids and
peptides and fat into fatty acids and glycerol.
4.3.2. pH
pH is an important parameter that influences all facet of cheese including texture, flavor
and appearance (Upreti and Metzger, 2007). Cheese can be classified on pH basis e.g. Swiss
(5.1-5.4 pH), Gouda (5-5.3 pH) and Cheshire (4.6-4.8 pH) have narrow range of pH while
Cheddar (5.4-4.8 pH) cheese has wider range of pH (Lawrence et al., 1984).
Statistical results regarding pH of Pizza cheese are presented in Table 4.3. Mean squares
indicated that amalgamation of cheeses (Mozzarella and Cheddar) has significant (p<0.05) effect
on the pH of Pizza cheeses. The pH of Pizza cheeses also varied significantly (P<0.05) with
ripening months of Cheddar cheese and levels of cheeses (Mozzarella & Cheddar). However, pH
was not affected significantly (P>0.05) by the interaction of ripening months of Cheddar cheese
and levels of cheeses.
The results concerning mean values for pH of Pizza cheeses manufactured by
amalgamation of Mozzarella and Cheddar cheeses are expressed in Table 4.3.2. It is indicated
that amalgamation of Mozzarella and Cheddar cheeses significantly changes the pH of Pizza
cheese. The highest pH (5.15) was found in PC6 in which 25% Mozzarella and 75% four months
ripened Cheddar cheese were used for Pizza cheese manufacturing while PC1 exhibited lowest
pH (4.88) when 25% Mozzarella cheese and 75% four month ripened Cheddar cheese amalgam
was used as Pizza cheese.
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Table 4.3.2 Effect of amalgamation of Mozzarella and Cheddar cheese on pH of Pizza
cheeses

Ripening months

2 months

4 months

Treatments

Mozzarella
(%)

Cheddar (%)

Mean ± SE

PC0

100

0

4.89±0.068B

PC1

75

25

4.88±0.069B

PC2

50

50

4.92±0.050B

PC3

25

75

4.99±0.032B

PC4

75

25

4.94±0.040B

PC5

50

50

5.02±0.035AB

PC6

25

75

5.15±0.046A

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.3.2 Effect of ripening months of Cheddar cheese and levels of cheeses on pH of
Pizza cheeses, Different letters indicate treatments are different from each other.
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The results depicted in Figure. 4.3.2 illustrated the changes in pH of Pizza cheeses with
the levels of different cheeses (Mozzarella and Cheddar). It is evident from the results that
increasing level of Cheddar cheese increases the pH of Pizza cheese. The Pizza cheeses with
higher level (75%) of Mozzarella cheese have significantly lower pH (4.91) while Pizza cheese
blends with greater (75%) levels of Cheddar cheese have higher mean values of pH (5.07).
Moreover, Figure 4.3.2 illustrated that pH of Pizza cheese also varied by ripening months
of Cheddar cheese. The Pizza cheeses that were prepared with the addition of four months
ripened Cheddar cheese in Mozzarella cheese had slightly higher pH (5.04) as compared to Pizza
cheeses that were prepared with the amalgamation of two months ripened Cheddar cheese in
Mozzarella cheese (4.93).
In the current investigation, seven types of Pizza cheeses exhibited minor differences in
pH values. This may be attributed to the fact that pH of fresh Mozzarella and Cheddar (2 and 4
months ripened) used in the pizza cheese was different (Table 4.2). In a similar study, conducted
by Kaminarides et al. (2007), the pH of processed cheese blends prepared by mixing of Halloumi
and Kopanisti cheeses and strained yoghurt were detected dissimilar due to pH difference of
initial products used in the combinations.
The increase in pH with increased level of Cheddar cheese was owing to higher pH for
both two and four months ripened Cheddar cheese. The higher pH of Cheddar cheese might be
due to higher milling pH (5.3) while in case of Mozzarella cheese milling was carried out at
lower pH (4.88). In previous studies, milling pH of Mozzarella and Cheddar cheese were found
in the range of 5.2 to 5.4 with different processing conditions (Yun et al., 1993; Shakeel-UrRehman et al., 2003; Hassan et al., 2004a). In the present study, milling pH of the Mozzarella
cheese was 4.9 because at this pH the buffalo milk curd exhibited more stretch properties.
Pastorino et al. (2003a) highlighted the importance of pH in protein interaction and reported that
protein interactions could be improved at a pH of 4.7 due to less electrostatic repulsion.
This increase in pH of Pizza cheese, due to increase of more ripened Cheddar cheese
perhaps associated with the slow increase of hydration of para-casein and formation of various
protein residues in Cheddar cheese during ripening. These breakdown products e.g. carboxyl
groups of glutamatic and aspartic acids have ability to attach with H+ during storage and thus
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reducing the hydrogen ion concentration of the Cheddar cheese that subsequently increase pH of
Pizza cheese blends (Guo et al., 1997; Sheehan et al., 2004). The increase in pH might also be a
function of solubilization of micellar calcium phosphate that neutralize H+ ion by phosphate.
The results of present studies are in contradiction with the work of Wang et al. (2011). They
concluded that there were non-signiﬁcant differences in the pH value for both natural Cheddar
cheeses and processed cheeses during ripening (P > 0.05).
4.3.3 Acidity
Acidity of cheese influences the taste and is also an important factor for determining the
cheese structure and texture characteristics, particularly, the stretching and melting properties
(McSweeney, 2004; Sheehan and Guinee, 2004) of cheese.
The results regarding mean squares of acidity of Pizza cheese are given in the Table 4.3.
It is obvious from the result that all the amalgamated cheeses significantly (P<0.05) differ from
the control cheese regarding acidity value. The variables such as cheese amalgamation, ripening
months and levels of cheeses significantly (P<0.05) affect the acidity of all Pizza cheeses. The
interaction between ripening months of Cheddar cheese and levels of cheeses exhibited nonsignificant (P>0.05) influence on the acidity of Pizza cheeses.
The results reported in Table 4.3.3 depicted changes in the acidity of Pizza cheeses
manufactured by amalgamation of Mozzarella and Cheddar cheese. The higher mean value
(0.92%) for acidity was observed in control sample prepared with Mozzarella cheese alone
whereas lowest acidity (0.85%) was recorded in PC6 that was an amalgam of 25% Mozzarella
with 75% four months ripened Cheddar cheese.
The acidity of Pizza cheese decreased with increased level of Cheddar cheese Figure
4.3.3. It is evident from the Figure that higher acidity (0.91%) was observed in Pizza cheeses
with 75% level of Mozzarella cheese while lower mean value (0.86%) of acidity was found in
Pizza cheeses with 75% level of Cheddar cheese. The acidity level in Pizza cheese samples
significantly decreases with the increase of ripening months of Cheddar cheese (Figure 4.3.3).
The results illustrated that the Pizza cheeses prepared with the addition of two months ripened
Cheddar cheese in Mozzarella cheese have more (0.89%) mean value of acidity whereas, the
blends contrived with the combination of four months ripened Cheddar cheese and Mozzarella
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Table 4.3.3 Effect of amalgamation of Mozzarella and Cheddar cheese on acidity (%) of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)
PC0

100

0

0.92±0.007A

PC1

75

25

0.91±0.012 AB

PC2

50

50

0.90±0.006 AB

PC3

25

75

0.88±0.012 CDE

PC4

75

25

0.89±0.006 BCD

PC5

50

50

0.87±0.012 DE

PC6

25

75

0.85±0.007 E

2 months

4 months

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.3.3 Effect of ripening months of Cheddar cheese and levels of cheeses on acidity of
Pizza cheeses, Different letters indicate treatments are different from each other.
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cheese showed lower mean value (0.87%) of acidity.
The different manufacturing conditions and procedure of fresh cheeses (Mozzarella and
Cheddar) might be a consequence of altering the acidity of these cheeses (Dave et al., 2003) that
ultimately change the acidity of Pizza cheeses. The higher acidity of Pizza cheese with greater
Mozzarella cheese might be due to rapid acid production by mixed culture of thermophillic
bacteria (Streptococcus thermophillus and Lactobacillus bulgaricus) in Mozzarella cheese as
compared to Cheddar in which mixed mesophillic cultures were used that have lower acid
production rate. Dave et al. (2003) observed different acid production rate with different starter
microorganisms. They observed rapid acid production rate in mixed culture of Streptococcus
thermophillus and Lb. helveticus as compared to single culture of Streptococcus thermophillus.
This might also be due to more conversion of residual lactose into lactate due to longer
Cheddaring process and high processing temperature of Mozzarella cheese during gelation and
cooking that was conducive for the lactose conversion into lactic acid (Turner and Thomas 1980;
Parente and Cogan 2004). Amarita et al. (2001) showed similar results of increased acidity as the
sugars are converted into acids.
The decrease in acidity with increase level in four months ripened Cheddar was possibly
a result of higher rate of biochemical changes like proteolysis, lipolysis and conversion of
residual lactate to other compound (McSweeney, 2004). Although the acidity difference in Pizza
cheese blends with two and four months ripened Cheddar cheese was small that might be due to
less production of acid during late maturation period because residual lactose was metabolized
rapidly to lactate during the early stages of ripening. The lactate that produced in early stages of
ripening was an important precursor for different reactions including racemization, oxidation or
microbial metabolism that led to the variation of acidity in cheese in later stages of ripening (Ong
et al., 2007a).
4.3.4 Protein content
The total protein content and biochemical changes during manufacturing and ripening of
cheese define ﬁnal quality of cheese and its acceptance. Protein contributes melting and
stretching attributes of different cheese varieties (Guinee et al., 2007).

64

Mean squares concerning protein content of Pizza cheeses are provided in Table 4.3.The
results revealed that protein content varied significantly (P<0.05) with amalgamation and levels
of cheeses as compared to control one. The difference in protein content of Pizza cheeses due to
ripening months of Cheddar cheese and the interaction of ripening month and levels of cheeses
was statistically non-significant (P>0.05).
The mean values of protein content of Pizza cheese manufactured with the blending of
Mozzarella and Cheddar cheese is expounded in Table 4.3.4. The results revealed that blending
of different cheeses significantly change the protein content of Pizza cheeses. The control sample
(PC0) containing fresh Mozzarella cheese only exhibited lowest protein content (25.37%) while
PC3 and PC6 that was formed by mixing of 25% Mozzarella and 75% Cheddar cheese (2 and 4
months ripened) respectively showed highest protein (27.51% and 27.58%) content. However the
difference in these cheese samples was non-significant. Similarly the cheeses PC2 (26.70%) and
PC5 (26.40%) exhibited the 2nd highest protein contents.
Variation in protein content of Pizza cheeses by changing the levels of Mozzarella and
Cheddar cheese is explained in Figure 4.3.4. The protein content increased with the increasing
level of Cheddar cheese in Pizza cheese. The Pizza cheeses made with the addition of 75%
Mozzarella and 25% Cheddar cheese showed lowest mean value (26.06%) of protein while
highest values (27.55%) was observed in Pizza cheeses prepared with the incorporation of 75%
Cheddar cheese in 25% Mozzarella cheese. It is also apparent from the Figure 4.3.4 that protein
in Pizza cheese samples do not vary with the ripening months of Cheddar cheese. The results
illustrated that the Pizza cheeses prepared with the mixing of two and four months ripened
Cheddar cheese and Mozzarella cheese have 26.76% and 26.67% protein content respectively.
These results differed slightly but statistically non-significant.
The variation in protein content of Pizza cheese might be due to difference in protein
content of Mozzarella and Cheddar cheese, cheese making procedure, starter culture and ripening
of Cheddar cheese. The less protein content in Pizza cheese blends with higher level of
Mozzarella cheese was possibly due to more proteolytic activity of thermophillic cultures
(Streptococcus thermophillus and lactobacillus Bulgaricus) used for Mozzarella cheese
manufacturing and higher moisture content. On the other hand, in case of Cheddar cheese higher
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Table 4.3.4 Effect of amalgamation of Mozzarella and Cheddar cheese on protein content
(%) of Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)
PC0

100

0

25.37 ± 0.548B

PC1

75

25

26.07 ± 0.283B

PC2

50

50

26.70 ± 0.491AB

PC3

25

75

27.51 ± 0.208A

PC4

75

25

26.04 ± 0.520B

PC5

50

50

26.40 ± 0.577AB

PC6

25

75

27.58 ± 0.439A

2 months

4 months

Means sharing similar letter are statistically non-significant (P>0.05).

Figurer 4.3.4 Effect of ripening months of Cheddar cheese and levels of cheeses on protein
of Pizza cheeses, dissimilar letters indicate treatments are different from each other.
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protein content is due to lower moisture (Table 4.2) and more hardness in texture (Table 4.4.1).
Another factor that resulted in protein reduction of Pizza cheese with increased level of
Mozzarella cheese might be high gelation temperature (37°C) of Mozzarella cheese as compared
to Cheddar cheese (31°C). In both type of cheeses, chymosin was used which was immensely
temperature sensitive and its proteolytic activity increased due to higher temperature in
Mozzarella cheese that resulted more proteolysis and protein loss through whey. The results of
the present study correlated with the finding of Castillo et al. (2006a) they reported that excess of
proteolysis in curd supported the weakening of protein network. This network rearranged with
more shrinkage but synersis increased the loss of protein and fat (Hussain et al., 2012). During
ripening, the protein in Pizza cheese blends decreased but this reduction was non-significant.
Protein hydrolyzed during storage but it remains the part of water soluble nitrogenous compound
and diffuses into serum phase (Michaelidou et al., 2005).
4.3.5 Fat content
Fat is present in milk in the form of dispersed spherical droplets called milk fat globules
(Mehaia, 1995; El-Zeini, 2006), which are surrounded by casein network in cheese. Fat in cheese
plays an important role in melting and stretching properties (Petersen et al., 2000).
Mean squares of fat content of Pizza cheese samples are presented in Table 4.3. The
results revealed that amalgamation of cheeses and their levels (Mozzarella and Cheddar) had
significant effect (P<0.05) on the fat content of Pizza cheeses. The variables ripening months of
Cheddar cheese and interaction of ripening months with levels of cheeses did not show
significant (P>0.05) impact on fat contents of Pizza cheeses.
The result regarding the mean value of fat content (Table 4.3.5) in Pizza cheese samples
demonstrated that impact of amalgamation of Mozzarella and Cheddar cheese has significant
effect on the fat content of Pizza cheeses. Minimum fat content (23%) was observed in control
sample that was prepared from Mozzarella cheese (100%) only while highest fat content was
noticed in PC6 (28.35%) however a non-significant difference was found among PC6, PC5, PC3
and PC2. Similarly, the difference between PC0, PC1 and PC4 was also non-significant.
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Table 4.3.5 Effect of amalgamation of Mozzarella and Cheddar cheese on fat content (%)
of Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

23.00 ± 1.000B

PC1

75

25

24.32± 0.667B

PC2

50

50

26.67 ± 0.333A

PC3

25

75

27.64 ± 0.667A

PC4

75

25

24.33 ± 0.333B

PC5

50

50

27.32 ± 0.882A

PC6

25

75

28.35 ± 0.882A

Means sharing similar letter are statistically non-significant (P>0.05)

Figure 4.3.5 Effect of ripening months of Cheddar cheese and levels of cheeses on fat
content of Pizza cheeses, dissimilar letters indicate treatments are different from each
other.
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The mean values of fat content of Pizza cheeses illustrated in Figure 4.3.5 indicated that
fat contents significantly varied with the change in levels of Mozzarella and Cheddar cheese in
Pizza cheeses. Fat content increased as the level of Cheddar cheese increased in Pizza cheeses.
Highest (28.00%) mean value was found in Pizza cheeses with 75% concentration of Cheddar
cheese while lowest (24.33%) fat was observed in Pizza cheeses with higher concentration (75%)
of Mozzarella cheese. Ripening of Cheddar cheese has no effect on the fat content of Pizza
cheeses.
The increase in fat content of Pizza cheeses with increasing levels of Cheddar cheese
might be due to reason that Mozzarella cheese contained higher moisture than that of Cheddar
cheese. The pressing of Cheddar cheese during processing lower moisture contents, therefore,
the fat content on moisture basis increased in Cheddar cheese. Bynum and Olson (1982)
observed similar results in Cheddar cheese as firmness leads to reduction of fat and casein losses,
therefore, the fat recovery is greater than Mozzarella.
The decrease in fat content in Pizza cheese with increased Mozzarella cheese could also
be due to effect of high gelation temperature (37°C) of Mozzarella which lost more fat through
whey because milk fat melting is more at 37°C as compared to 31°C as in case of Cheddar
cheese (Hussain et al., 2012). Fox and McSweeney (2006) observed that milk fat has much
higher mobility as temperature rises towards 37°C, which results in a greater amount of fat being
released from the curd matrix. This is because the average melting point of milk fat
is 37°C. Non significant effect on the fat contents of Pizza cheese with ripening of Cheddar
cheese is in line with the study of Wang et al. (2011), they observed non-signiﬁcant variation in
the contents of fat for both natural Cheddar cheeses and processed cheeses during ripening (P >
0.05).

4.3.6. Total calcium content
Calcium plays an important part in manufacturing and functional properties of cheese
(Joshi et al., 2003). The change in pH is continuous throughout cheese manufacturing. The whey
drainage and milling are carried out at a particular pH depending upon type of cheese. The total
concentration of calcium is segregated into; casein-associated calcium and soluble calcium
which is crucial in deciding the functionality of Pizza cheese cheese (Upreti and Metzger, 2006).
69

The analysis of variance for total calcium content of Pizza cheese demonstrated in Table
4.3 which revealed that total calcium changed significantly (P<0.05) as a function of
amalgamation of cheeses (Mozzarella and Cheddar) along with their levels. The variables like
ripening months of Cheddar cheese and interaction of ripening months of Cheddar cheese with
levels of cheeses had non-significant (P>0.05) effect on the total calcium content of Pizza
cheeses.
Means values of total calcium content of Pizza cheeses were depicted in Table 4.3.6
which showed that total calcium differed significantly with mixing of Mozzarella and Cheddar
cheese at different levels. The control sample (100% Mozzarella) exhibited the lowest (654
mg/1000g) while PC6 (25% Mozzarella and 75% 4 months ripened Cheddar cheese) showed
highest (748 mg/1000g) total calcium content.
The change in total calcium content of Pizza cheeses with different levels of Mozzarella
and Cheddar cheese is depicted in Figure 4.3.6. It is obvious from the results that increase in
level of Cheddar cheese incorporation significantly increased the total calcium content of Pizza
cheeses. The highest calcium (738 mg/1000g) was observed in Pizza cheeses having higher level
of Cheddar cheese (75%) while on other hand, lower calcium content (682 mg/1000g) was
observed in Pizza cheeses having higher level of Mozzarella cheese (75%).
The effect of ripening months of Cheddar cheese on the total calcium content of Pizza
cheese blends is presented in Figure 4.3.6. It is evident from the results that total calcium do not
vary significantly with ripening months of Cheddar cheese. The mean values for calcium content
in Pizza cheese with 2 and 4 months ripened Cheddar cheese were 702 mg/1000g and 719
mg/1000g respectively. Calcium content non-significantly decreased with age of Cheddar
cheese.
In the present study, Pizza cheese samples possessed different calcium contents due to
difference in calcium content of Mozzarella and Cheddar cheese. The reason of calcium
reduction with increased level of Mozzarella in Pizza cheese is probably a function of pH
reduction (4.88) in Mozzarella during Cheddaring that solubilizes colloidal calcium and losses
through whey increased. While, in case of Cheddar less solubilization of colloidal calcium
phosphate at higher milling pH (5.2) results higher level of total calcium consequently increases
calcium content in Pizza cheese blend. pH during Cheddaring is an important factor to control Ca
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Table 4.3.6 Effect of amalgamation of Mozzarella and Cheddar cheese on total calcium
content (mg/1000g) of Pizza cheeses
Ripening months

2 months

4 months

Treatments

Mozzarella (%)

Cheddar (%)

Mean ± SE

PC0

100

0

652 ± 26D

PC1

75

25

676 ± 22CD

PC2

50

50

702 ± 24ABC

PC3

25

75

728 ± 28AB

PC4

75

25

689 ± 26BCD

PC5

50

50

722 ± 29ABC

PC6

25

75

748 ± 30A

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.3.6 Effect of ripening months of Cheddar cheese and levels of cheeses on total
calcium content of Pizza cheeses, dissimilar letters indicates treatments are different from
each other.
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level in cheeses. Dave et al. (2003) enhanced Cheddaring time of cheeses that were acidified
with single culture as compared to cheeses acidified with mix culture in order to obtain same
level of calcium in both types of cheeses. This effect concurs with the results of others (Keller et
al., 1974; Metzger et al., 2000), who reported a reduction in the Ca content of cheese by
reducing pH at setting and whey drainage by using acids. Kimura et al. (1992) worked on the
effect of calcium on cheese and concluded that colloidal calcium phosphate is dissociated from
the casein network by reducing pH which reduced the hydrophobic binding sites of submicelles,
therefore, weaken the bond between submicelles and increases solubilization of calcium.
4.3.7 Water soluble calcium (WSC) content
Colloidal calcium phosphate has a vital role in the structure of casein micelles, the
transfer of colloidal calcium to soluble results in disintegration of the micelle during acidification
(Hassan et al., 2004a).
The mean squares regarding water soluble calcium of Pizza cheeses are given in the
Table 4.3. The variables such as amalgamation and levels of cheeses significantly (P<0.05) affect
the water soluble calcium of Pizza cheeses. The ripening months of cheddar cheese and
interaction between ripening months and level of cheeses exhibited non-significant (P>0.05)
influence on the water soluble calcium of Pizza cheeses.
The data presented in Table 4.3.7 elucidated the mean values of water soluble calcium of
Pizza cheeses. It is evident from the results that amalgamation has significant effect on the water
soluble calcium of Pizza cheeses. The control sample (PC0) exhibited highest (313mg/1000g)
while (PC6) showed lowest (262mg/1000g) level of water soluble calcium. Levels of cheeses
considerably change the concentration of water soluble calcium of Pizza cheeses (Figure 4.3.7).
The higher level of water soluble calcium was observed in Pizza cheeses with higher (75%) level
of Mozzarella cheese while lower content was observed in Pizza cheeses with greater (75%)
level of Cheddar cheese. In addition, variation also arises in Pizza cheeses due to ripening
months of Cheddar cheese. The Pizza cheeses made with two months ripened Cheddar cheese
have less (264 mg/1000g) water soluble calcium as compare to Pizza cheeses manufactured with
the addition of four months ripened Cheddar cheese (285 mg/1000g).
The water soluble calcium increased in amalgamated Pizza cheeses as compared to
control sample. This could be due to difference of water soluble calcium level of Mozzarella and
Cheddar cheese as indicated in Table 4.2.
72

Table 4.3.7 Effect of amalgamation of Mozzarella and Cheddar cheese on water soluble
calcium (mg/1000g) of Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

313 ± 12.5A

PC1

75

25

287 ± 9.0B

PC2

50

50

265 ± 10.5C

PC3

25

75

242 ± 8.0D

PC4

75

25

309 ± 10.0A

PC5

50

50

285 ± 12.0B

PC6

25

75

262 ± 8.5C

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.3.7 Effect of ripening months of Cheddar cheese and levels of cheeses on water
soluble calcium of Pizza cheeses, dissimilar letters indicates treatments are different from
each other.
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The higher WSC was observed in Mozzarella cheese as compared to Cheddar cheese. It
might be due to difference of pH at milling and ripening period of Cheddar cheeses (Lucey and
Fox 1993). The results of present investigation are in line with the findings of Guinee et al.
(2000a); they observed 260 to 440mg/1000g and 170 to 250mg/1000g water soluble calcium in
commercial Cheddar and Mozzarella cheese respectively that have different manufacturing and
ripening conditions. The progressive increase in water soluble calcium in Pizza cheeses with
succession of Cheddar cheese level and ripening months might be due to changes in Cheddar
cheese pH during ripening (Metzger et al., 2001). Van Hooydonk et al. (1986) reported that
soluble and bind calcium is influenced by pH of milk and a similar situation is with the cheese.
4.4. Organic acids in Pizza cheese
Organic acids are the products of primary metabolism produced during ripening along
with free fatty acids and amino acids (Subramanian et al., 2011). They play significant role in
dairy products like development of flavors, to monitor the activity of starter culture and growth
of some bacteria during cheese ripening (Manolaki et al., 2006). Many acids are produced during
ripening in cheeses but in the present study, lactic, citric, acetic and pyruvic acids were
determined.
4.4.1. Lactic acid content
Lactic acid is the main organic acid, representing approximately 74% of the total organic
acids content in all cheese (Buffa et al., 2004). It is produced chemically and biotechnologically
by lactic acid bacteria.
The lactic acid contents present in natural Cheddar cheese (at 0 day, 2 and 4 months) and
Mozzarella cheese before using them to form Pizza cheese are depicted in Table 4.4a. The higher
lactic acid concentration (12050 mg/kg) was noted in four months ripened Cheddar cheese
followed by the two months ripened Cheddar cheese (10057 mg/kg) and in the fresh Mozzarella
8012.66 mg/kg lactic acid was observed.
The mean square regarding lactic acid content presented in Table 4.4 b indicates that all
the variables (treatment, Control vs Others and level of cheeses amalgamation and ripening
period) have significant (P<0.05) impact on the lactic acid content of Pizza cheeses. The
interaction of ripening months with the level of cheeses exhibited non-significant (P>0.05) effect
on the lactic acid content of Pizza cheeses.
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The Table 4.4.1 demonstrated the mean values of lactic acid content of Pizza cheeses. It
is indicated from the results that lactic acid contents increased from PC0 to PC6 with the lowest
lactic acid in control sample that had 100% Mozzarella cheese while highest (11184.00 mg/kg)
was observed in Pizza cheese with 75% (four months ripened) Cheddar cheese and 25%
Mozzarella cheeses combination. It was also apparent from the results that difference between
PC5 and PC6 was non-significant.
The Figure 4.4.1 demonstrated the changes in lactic acid content of Pizza cheeses with
change in levels of cheeses and ripening months of Cheddar cheese. It is evident from the Figure
4.4.1 that as the level of Cheddar cheese increases in the Pizza cheeses the lactic acid content
also increases. It was further noticed that ripening months of Cheddar cheese affected the lactic
acid content of Pizza cheese. The Pizza cheeses with four months ripened Cheddar cheese had
more lactic acid content (10630 mg/kg) as compared to Pizza cheeses with two months ripened
Cheddar cheese (9162 mg/kg).
Variation in Lactic acid content of Pizza cheeses with amalgamation of cheeses might be
due to variation of lactic acid contents of Mozzarella and Cheddar cheese as illustrated in Table
4.4a. Lactic acid produced in cheeses was a consequence of metabolic activity of
microorganisms. At 0-day of both cheeses, lactic acid was slightly higher in Mozzarella cheese
as compared to Cheddar cheese perhaps associated with greater activity of microbial culture of
Mozzarella cheese (Ong and Shah, 2009). This elevated amount of lactic acid in Mozzarella
cheese might also be associated with lower pH value of Mozzarella cheese (Buffa et al., 2004).
But, in present study, two and four months ripened Cheddar was used for the manufacturing of
Pizza cheeses therefore, ripening enhanced the concentration of lactic acid in Cheddar cheese as
compared to Mozzarella cheese. The Pizza cheeses with combination of Mozzarella and Cheddar
cheese had more lactic acid contents as compare to control. However, the concentration of lactic
acid in Pizza cheeses was less than the natural ripened Cheddar cheese. Lues and Botha (1998)
worked on the organic acid content of natural Cheddar and processed Cheddar cheese and
concluded similar results that processed Cheddar had less lactic acid content (5536.7 mgkg-1)
than, 6 to 8 week young (1624.3 mgkg-1) and 8-12 week matured Cheddar 21552.7 mg kg-1).
The increase in lactic acid content of Pizza cheese with increasing level and age of
Cheddar cheese could be a consequence of more lactic acid produced by the conversion of
residual lactose with the help of Lactococcus lactis subsp. lactis and Lactococcus lactis subsp.
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cremoris in Cheddar cheese (McSweeney and Fox, 2004). The results of increased lactic acid
content during storage are in agreement with the findings of (Manolaki et al., 2006; Ong and
Shah 2009). They observed greater increase in lactic acid during two days of storage after that it
decreased and again increased but overall level of acid increased during ripening due to
conversion of residual lactose into lactic acid with the help of microorganisms.
4.4.2 Acetic acid content
Acetic acid is produced either by the metabolism of lactose by lactic acid bacteria, or the
metabolism of citric and lactic acid, or the catabolism of amino acids. Acetic acid contribute
flavor to most of the cheeses (McSweeney and Sousa, 2000).
The acetic acids content present in natural Cheddar cheese (0day, 2 and 4 months) and
Mozzarella cheese before using them to form Pizza cheese are depicted in Table 4.4a. The acetic
acid content in fresh Mozzarella, fresh cheddar, 2 month ripened and 4 months ripened Cheddar
cheese were 813, 734, 1237 and 1388.33 mg/kg respectively.
The mean squares regarding acetic acid content of Pizza cheeses presented in Table 4.4b
demonstrated that amalgamation of cheeses (Mozzarella and Cheddar) at their different levels
and ripening months of Cheddar cheese signiﬁcantly (P < 0.05) effected the acetic acid content
of Pizza cheeses. Interactive effect of levels of cheeses and ripening months of Cheddar cheese
also showed significant (P<0.05) variation on the acetic acid content of Pizza cheeses.
Table 4.4.2a indicated the mean values of acetic acid content of Pizza cheeses. The
Mozzarella cheese (PC0) used as control possessed comparatively lower (745.67 mg/kg) acetic
acid content than the Pizza cheeses prepared by the amalgamation of Mozzarella and ripened
Cheddar cheese. The highest (1291.33 mg/kg) acetic acid content was observed in PC6 which
was an amalgam of 25% Mozzarella cheese and 75% four months ripened Cheddar cheese. It is
evident from the results that amalgamation has significant effect on the acetic acid content of
Pizza cheeses, there is no significant difference between PC0 and PC1, PC3 and PC4, PC5 and
PC6.
The acetic acid content of pizza cheese is presented in Table 4.4.2b regarding the level of
cheeses and ripening months of Cheddar cheese. It is obvious that Pizza cheeses with 75% level
of Mozzarella cheese have comparatively less (972.5 mg/kg) mean value acetic acid content than
the Pizza cheeses with 75% level of Cheddar cheese (1244.3 mg/kg). Moreover, it was also
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Table 4.4a Organic acid contents in Mozzarella and Cheddar cheeses
Cheeses

Cheddar cheese

Mozzarella cheese

Ripening
period

Lactic Acid
(mg kg-1)

0 Day
2 months
4 months
0 Day

7018.66 ± 13.31
10057 ± 40.50
12050 ± 42.15
8012.66 ± 18.58

Acetic acid

Citric acid

(mg kg-1)

(mg kg-1)

734 ± 21.07
1237 ± 38.03
1388.33 ± 49.21
813.33 ± 4.93

1925.33 ± 34.78
2122.33 ± 19.34
1816.33 ± 17.61
2014.66 ± 18.17

Pyruvic Acid
(mg kg-1)
124.77 ± 0.68
54 ± 3
54.10 ± 0.10
160.66 ± 3.05

Table 4.4b Mean squares for organic acid contents of Pizza cheeses
Source of variation

Degrees
freedom

of

Lactic acid

Acetic acid

Citric acid

Pyruvic acid

Treatments

6

3484542*

148697*

68959*

1485.72**

Control vs. others

1

8901429*

370338*

5194NS

3297.69**

Month (M)

1

9694672*

235527*

350285*

7.63NS

Level (L)

2

880809*

115890*

21344*

2686.01**

MxL

2

274767NS

27270*

7795*

118.48NS

Error

14

138162

1595

32.67

Total

20

1825

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.4.1 Effect of Mozzarella and Cheddar cheese amalgamation on lactic acid content
(mgkg-1) of Pizza cheeses
Ripening

Treatments

months

2 months

4 months

Mozzarella

Cheddar

(%)

(%)

Mean ± SE

PC0

100

0

8036.00 ± 68.35D

PC1

75

25

9025.00 ± 118.37C

PC2

50

50

9079.67 ± 57.49C

PC3

25

75

9383.33 ± 319.42BC

PC4

75

25

10010.00 ± 286.99B

PC5

50

50

10697.33 ± 299.79A

PC6

25

75

11184.00 ± 161.64A

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.4.1 Effect of ripening months of Cheddar cheese and levels of cheeses on lactic
acid content of Pizza cheese, dissimilar letters indicate treatments are different from each
other.
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observed (Table 4.5.2b) that Pizza cheeses with two months ripened Cheddar cheese had less
(1010.8 mg/kg) acetic acid as compared to Pizza cheese with four months ripened Cheddar
cheese (1239.6 mg/kg).
The variation in acetic acid content of Pizza cheeses with the amalgamation of Mozzarella
and Cheddar cheese could be due to variation of acetic acid content in both cheeses. Although,
the acetic acid content was greater in fresh Mozzarella as compared to fresh Cheddar cheese due
to greater activity of thermophilic culture while ripening increased the concentration of acetic
acid in Cheddar cheese comparative to Mozzarella cheese. It is possibly because of more protein
breakdown and production of amino acids in Cheddar cheese that provide precursor for acetic
acid formation (McSweeney and Sousa, 2000). Therefore, the concentration of acetic acid
content in Pizza cheeses increased with amalgamation of Mozzarella and Cheddar cheese. The
acetic acid content in Pizza cheeses were in the range of 745-1291 mg/kg. This concentration is
different from result of previous studies. Various authors (Bevilacqua and Califano, 1989;
Marsili et al., 1981; Mullin and Emmons, 1997; Ong and Shah, 2009; Manolaki et al., 2006)
have reported different concentration of acetic acid in several cheeses, such as Provolone,
Cheddar, Blue cheeses, Fontina, Emmental, Sbrinz, Ossolano, Feta and Beaufort ranged from
130 to 2960 mg/kg of cheese. These variations might be due to difference of culture, ripening,
processing and storage conditions used for manufacturing of different cheeses.
Acetic acid contents increased in Pizza cheeses with increasing level and age of ripened
cheeses presumably as a result of fermentation of lactose into acetic acid with microorganism via
fructose-6-phospahte shunt pathway (Ong and Shah, 2009). This increase in acetic acid could
also be due to greater breakdown of amino acids in Cheddar cheeses comparative to Mozzarella
cheese due to ripening (Molimard and Spinnler, 1996). Kaminarides et al. (2007) also confirmed
that acetic acid content increased during storage or ripening.
4.4.3 Citric acid contents
Citrate is present in the milk of many animals. In bovine milk, the concentration of
citrate present is approximately 150 mg per 100 mL. It is an intermediate product in the citric
acid cycle and plays an indirect role in fat synthesis by providing reducing equivalents in the
form of NADPH. Citrate in milk effects coagulation and flavor characteristics of milk products
(McMurry,2009).
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Table 4.4.2a Effect of Mozzarella and Cheddar cheese amalgamation on acetic acid content
(mgkg-1) of Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2

4

PC0

100

0

745.67 ± 14.50D

PC1

75

25

790.67 ± 17.61D

PC2

50

50

1044.33 ± 28.29C

PC3

25

75

1197.33 ± 36.56B

PC4

75

25

1154.33 ± 18.34B

PC5

50

50

1273.00 ± 18.45A

PC6

25

75

1291.33 ± 30.43A

Means sharing similar letter are statistically non-significant (P>0.05).
Table 4.4.2b Effect of ripening months of Cheddar cheese and levels of cheeses on acetic
acid content of Pizza cheeses
Levels
Months

Mean
75-25

50-50

25-75

2

790.7±17.61e

1044.3±28.29d

1197.3±36.56bc

1010.8±60.99B

4

1154.3±18.34c

1273.0±18.45ab

1291.3±30.43a

1239.6±24.38A

Mean

972.5±82.11C

1158.7±53.32B

1244.3±29.90A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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The citric acid content (Table 4.4a) present in fresh cheddar cheese was 1925 mg/kg
which increased to 2122 mg/kg after 2 months of ripening period and then decreased to 1816
mg/kg after 4 months of ripening in Cheddar cheese. The citrate content of Mozzarella was 2014
mg/kg.
Mean squares of citric acid content of Pizza cheeses are presented in Table 4.4b which
demonstrate that amalgamation, levels of cheeses, ripening months of Cheddar cheese and the
interactive effect of levels of cheeses × ripening months of Cheddar cheese that exhibit
significant (P<0.05) variation on the citric acid content of Pizza cheeses.
The mean values of citric acid content of Pizza cheeses (Table 4.4.3a) indicate that
amalgamation has significant effect on the citric acid content of Pizza cheeses. It is evident from
the results that control sample has less citric acid content as compared to PC1, PC2 and PC3 while
greater than that of PC4, PC5 and PC6. The difference between PC2 and PC3 was non-significant
and the lowest content of citric acid was noted in PC5 (1913 mg/kg)
It is apparent from the Table 4.4.3b that overall mean value of citric acid increases as the
Cheddar cheese increases (2048-2147 mg/kg). However, it is interesting to note that as the level
of two months ripened Cheddar cheese increases in Pizza cheeses, the citric acid contents also
increases, while increasing level of four months ripened Cheddar cheese decreases the citric acid
in Pizza cheeses. It is obvious that ripening months of Cheddar has significant effect on the citric
acid content of Pizza cheeses. The Pizza cheeses with two months ripened Cheddar cheese has
more (2224.8 mg kg-1) citric acid as compared to Pizza cheese with four months ripened Cheddar
cheese (1945.8 mg kg-1).
The variation in citric acid content with amalgamation of cheeses is a consequence of
difference in citric acid content of Mozzarella and Cheddar cheese as described in Table 4.4a.
The citric acid content of Mozzarella cheeses was greater than that of Cheddar cheese at 0 day.
The Pizza cheese of two months ripened showed highest level of citric acid content which could
be due to the highest content of citrate in 2 months ripened natural Cheddar cheese The variation
arises might be due to difference of culture, processing and ripening period used for
manufacturing of Mozzarella and Cheddar cheese (Ong and Shah, 2009; Manolaki et al., 2006).
The increasing level of 2 months old Cheddar cheese in PC1, PC2 and PC3 Pizza cheeses
increases the citric acid content but increasing level of 4 months old Cheddar in PC 4, PC5 and
PC6 decreases the citric acid content. In the former samples, increasing level could be a result of
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natural and formation of citrate in Cheddar cheese from the breakdown of carbohydrates, fats
and protein in early days of ripening, later on as the citrate was involved in the Krebs or citric
acid cycle where it acted both as substrate and product then its concentration decreased. It plays
an indirect role in fat synthesis by providing reducing equivalents in the form of NADPH. It is
also involved in the production of ATP, NADH and FADH2 through citric acid cycle (McMurry,
2009). The ripening months of Cheddar cheese significantly decreases the citric acid contents.
The Pizza cheeses with two months ripened Cheddar cheese had more citric acid than Pizza
cheeses with four months ripened Cheddar cheese. It could be due to the reason of its utilization
by secondary microflora as a carbon source during ripening and also due to its conversion in
flavor compounds by lactic acid bacteria (Hugenholz, 1993). Califanoa and Bevilacqua (1999)
also observed decrease in citric acid in Mozzarella cheese after 34 days of storage period.
Thomas (1987) also reported decrease in citrate in Cheddar cheese slowly to almost zero level
after 6 months of ripening, presumably as a result of metabolism by lactobacilli which became
the major component of the NSLAB flora.
4.4.4. Pyruvic acid contents
Pyruvic acid is an important organic acid which helps in the formation of amino acids
which consequently results flavor development in cheese (Rehman and Fox, 2002). During
amino acid biosynthesis, all the carbons of Ala and Val, four carbon of Leu and 2.5 carbon of
Lys are provided by pyruvate (Burgess, 1983).
Pyruvic acid content in Table 4.4a determined in fresh, 2 months and 4 months old
Cheddar cheese was 124, 54, 54.10 mg/kg respectively. However Pyruvic acid content of fresh
Mozzarella cheese was highest (160 mg/kg) than the Cheddar cheese.
Statistical analysis expressed in Table 4.4b elucidated highly significant (P<0.01)
difference on the pyruvic acid contents of Pizza cheeses due to amalgamation of cheeses
(Mozzarella and Cheddar cheese) at their different levels but the ripening months and interaction
of levels of cheeses× ripening months of Cheddar cheese has non-significant (P>0.05) effect on
the pyruvic acid content of Pizza cheese.
Mean values regarding pyruvic acid content of Pizza cheeses are shown in Table 4.4.4
which demonstrated that Mozzarella cheese (PC0) used as control possessed highest (127.55
mg/kg) while PC6 exhibited lowest (64.06 mg/kg) pyruvic acid content. It means that
amalgamation significantly affect the pyruvic acid content of Pizza cheeses. The pyruvic acid
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Table 4.4.3a Effect of Mozzarella and Cheddar cheese amalgamation on citric acid content
(mgkg-1) of Pizza cheeses
Ripening months Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

2040.33 ± 22.06C

PC1

75

25

2127.00 ± 20.03B

PC2

50

50

2248.00 ± 21.70A

PC3

25

75

2299.33 ± 28.88A

PC4

75

25

1929.33 ± 18.27DE

PC5

50

50

1913.00 ± 21.70E

PC6

25

75

1995.00 ± 26.89CD

Means sharing similar letter are statistically non-significant (P>0.05).
Table 4.4.3b Effect of ripening months of Cheddar cheese and levels of cheeses on citric
acid content of Pizza cheeses
Level
Months

Mean
75-25

50-50

25-75

2

2127.0±20.03b

2248.0±21.70a

2299.3±28.88a

2224.8±28.19A

4

1929.3±18.27cd

1913.0±21.70d

1995.0±26.89c

1945.8±16.86B

Mean

2028.2±45.83C

2080.5±76.16B

2147.2±70.30A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).

83

content also changes with the level of cheeses as summarized in Figure 4.5.4. The maximum
(110.34 mg/kg) concentration of pyruvic acid was observed in Pizza cheeses with 75% level of
Mozzarella cheese while lowest (68.72 mg/kg) level of pyruvic acid was noticed in Pizza cheese
with 75% level of ripened Cheddar cheese. It was also indicated from the results that ripening
months of Cheddar cheese did not change the pyruvic acid content of Pizza cheeses. The Pizza
cheeses made with two and four months ripened Cheddar cheeses have 92.39 and 91.09 mg/kg
pyruvic acid content respectively.
The variation arised in pyruvic acid content of Pizza cheeses due to blending of cheeses
which might be due to difference of acid content of young Mozzarella and ripened Cheddar
cheese as depicted in Table 4.4a. The higher content of Pyruvic acid in Pizza cheese containing
75% Mozzarella could be due to highest content of Pyruvic acid in Mozzarella than Cheddar
cheese followed by PC1 (111.7 mg/kg) PC4 (108.91 mg/kg) PC5 (100.30 mg/kg) PC2 (90.04
mg/kg) and PC3 (73.38 mg/kg) while lowest content was noted in PC6 (64 mg/kg) however the
difference between PC3 and PC6 was non-significant. Non-significant difference due to ripening
could be due to the similar content in 2 and 4 month ripened cheese. Higher concentration of
pyruvic acid in fresh cheeses might be due to its rapid formation through the glycolytic pathway
and lesser amount in ripened Cheddar cheese was due to its utilization as it acted as substrate of
several metabolic reactions such as the formation of formic acid, ethanol, diacetyl, acetoin and
2,3‐butylene glycol (Marth, 1974). It may be a reason of decrease in pyruvic acid content in
Pizza cheeses with increasing level of Cheddar cheese. No significant variation was found in
Pizza cheeses made with two and four months ripened Cheddar cheese. Califanoa and
Bevilacqua, (1999) observed 80% decreased in pyruvic acid content between third and sixth days
of ripening, reaching an average concentration of 36.9 mg/kg. They observed that this
concentration did not change significantly thereafter. In present study, the pyruvic acid content
also did not significantly vary during two and four months of storage although the concentration
decreased from that of fresh Cheddar cheese. Manolaki et al. (2006) also presented similar
results that the pyruvic acid decreased from 2 to 20 days then it remains constant during whole
experiment in feta type cheeses. The results of current study differ from previous study of Upreti
et al. (2006) which showed an increase in pyruvic acid during 48 week of storage of Cheddar
cheese. McMahon et al. (2014) also noted a steady increase in pyruvic acid concentration up to 4
months during 9 months of storage in low moisture part skim Mozzarella cheese.
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Table 4.4.4 Effect of Mozzarella and Cheddar cheese amalgamation on pyruvic acid
content (mgkg-1) of Pizza cheeses’
Ripening months Treatments Mozzarella (%)

2 months

4 months

Cheddar (%)

Mean ± SE

PC0

100

0

127.55 ± 5.38A

PC1

75

25

111.77 ± 4.34B

PC2

50

50

92.04 ± 1.56D

PC3

25

75

73.38 ± 1.63E

PC4

75

25

108.91 ± 3.70BC

PC5

50

50

100.30 ± 2.59CD

PC6

25

75

64.07 ± 1.73E

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.4.4 Effect of ripening months of Cheddar cheese and level of cheeses (Mozzarella
and Cheddar) on the pyruvic acid content of Pizza cheeses
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4.5. Pizza cheese proteolysis
Proteolysis is a biochemical event that occurs in cheese during ripening. The extent of
this degradation process plays an important role in determining cheese ﬂavour and texture (Law,
2001).
4.5.1 pH 4.6 soluble nitrogen (SN)
Mean squares concerning pH 4.6 SN of Pizza cheeses are shown in Table 4.5. The results
demonstrated that pH 4.6 SN of Pizza cheeses differed significantly (P<0.05) with respect to
treatments, control vs others, ripening months and level of Cheddar cheese in Mozzarella cheese.
The interactive effects of ripening months of Cheddar cheese and levels of amalgamation was
also found to be significant (P<0.05).
Mean values for pH 4.6 SN of Pizza cheeses are explicated in the Table 4.5.1a. It was
obvious from the results that pH 4.6 SN varied significantly with amalgamation of Mozzarella
and Cheddar cheese. The results demonstrated that lowest (1.76%) value of pH 4.6 SN was
found in control (PC0) while highest value (8.30%) was recorded in PC6 followed by the PC5,
PC4, PC3, PC2 and PC1 containing, 7.48, 5.34, 4.90, 4.20 and 3.66% of pH 4.6 SN.
Table 4.5.1b expressed the change in 4.6 SN with different levels of Mozzarella and
Cheddar cheese. It is evident from results that Pizza cheeses with lower levels of Cheddar cheese
(25%) had less mean value (4.50%) of pH 4.6 SN while Pizza cheeses prepared with higher
levels of Cheddar cheese (75%) exhibited highest (6.60%) content of pH 4.6 SN. The Table
4.6.1b also expose the variation existed in pH 4.6 soluble nitrogen of Pizza cheeses due to
ripening of Cheddar cheese. The Pizza cheeses having two months ripened Cheddar cheese
showed less mean value (4.25%) of 4.6 SN while Pizza cheeses having four months ripened
Cheddar cheese showed highest mean value (7.04%) of pH 4.6 SN.

86

Table 4.5 Mean squares for pH 4.6 and TCA soluble nitrogen
Source of variation

Degrees of freedom

pH 4.6 soluble nitrogen

TCA soluble nitrogen

Treatments

6

15.0133**

8.8563*

Control vs. others

1

38.8556*

25.6682*

Month (M)

1

34.9169*

19.5313*

Level (L)

2

6.7642*

3.9172*

MxL

2

1.3894*

0.0520NS

Error

14

0.0603

0.0811

Total

20

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.5.1a Effect of Mozzarella and Cheddar cheese amalgamation on pH 4.6 soluble
nitrogen of Pizza cheeses
Ripening months

Mozzarella

Cheddar

(%)

(%)

PC0

100

0

1.76 ± 0.11G

PC1

75

25

3.66 ± 0.06F

PC2

50

50

4.20 ± 0.15E

PC3

25

75

4.90 ± 0.03D

PC4

75

25

5.34 ± 0.22C

PC5

50

50

7.48 ± 0.19B

PC6

25

75

8.30 ± 0.12A

Treatments

Mean ± SE

2

4

Means sharing similar letter are statistically non-significant (P>0.05).
Table 4.5.1b Effect of ripening months of Cheddar cheese and level of cheeses (Mozzarella
and Cheddar) on the pH 4.6 soluble nitrogen (%) of Pizza cheeses
Levels
Months

Mean
75-25

50-50

25-75

2

3.66±0.06e

4.20±0.15d

4.90±0.03c

4.25±0.18B

4

5.34±0.22c

7.48±0.19b

8.30±0.12a

7.04±0.45A

Mean

4.50±0.39C

5.84±0.74B

6.60±0.76A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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4.5.2 TCA soluble nitrogen (SN)
TCA-SN is the non-protein nitrogen which includes smaller peptides (2-20 residues)
(Yvon et al., 1989) and amino acids that is formed by the action of starter enzymes while the
large and medium peptides are separated in the precipitate (Kuchroo and Fox, 1982).
Traditionally, it is regarded as a ‘‘ripening depth’’ index, as most peptides that are a part of the
WSN fraction will precipitate in the presence of 12% TCA (Tavaria et al., 2003).
Statistical results regarding TCA-SN of Pizza cheeses are presented in Table 4.5. The
mean squares indicated that amalgamation of cheeses (Mozzarella and Cheddar), their levels and
ripening months of Cheddar cheese significantly (P<0.05) affect the TCA soluble nitrogen of
Pizza cheeses. However, the interactive effect of levels of cheeses with ripening months of
Cheddar cheese on TCA-SN of pizza cheese was non-significant (P>0.05).
The mean values for TCA-SN of Pizza cheeses are shown in Table 4.5.2. It is obvious
from the results that amalgamation significantly changes the TCA-SN of Pizza cheeses. The
results revealed that PC0 exhibited lowest (2.05%) TCA-SN when Mozzarella cheese used as
control while the highest TCA-SN (7.03%) was observed in PC6 when 25% Mozzarella and 75%
four months ripened Cheddar was used as Pizza cheese. As the level of Cheddar cheese increased
in Pizza cheeses the amount of TCA-SN also increased but the increase was higher with four
month old Cheddar cheese (5.57 to 7.03%) that with two month old cheddar cheese (3.275.03%). Amalgamation with different levels of cheeses changed the TCA-SN as showen in
Figure 4.10.2. The Pizza cheese made with 25% Cheddar cheese had lower (4.42%) mean value
of pH 4.6-SN while the Pizza cheeses made with the addition of 75% Cheddar cheese exhibited
higher (6.03%) mean value of TCA-SN. The difference in TCA-SN of Pizza cheeses due to
ripening months of Cheddar is also depicted in Figure 4.5.2. It was evident from the results that
Pizza cheeses made with two months ripened Cheddar cheese have less TCA-SN (4.17%) as
compared to Pizza cheeses made with four months ripened Cheddar cheese (6.25%).
The pH 4.6 and TCA soluble nitrogen of Pizza cheeses changed with amalgamation of
Mozzarella and Cheddar cheese. The difference might be due to variation in Mozzarella and
Cheddar cheese protein hydrolysis during manufacturing and ripening. The thermophilic cultures
used in Mozzarella cheese are more proteolytic in nature therefore, cause greater hydrolysis of
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Table 4.5.2 Effect of Mozzarella and Cheddar cheese amalgamation on TCA-SN of Pizza
cheeses
Ripening months Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

2.05 ± 0.03G

PC1

75

25

3.27 ± 0.26F

PC2

50

50

4.20 ± 0.15E

PC3

25

75

5.03 ± 0.09D

PC4

75

25

5.57 ± 0.28C

PC5

50

50

6.15 ± 0.10B

PC6

25

75

7.03 ± 0.03A

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.5.2 Effect of ripening months of Cheddar cheese and level of cheeses (Mozzarella
and Cheddar) on the TCA soluble nitrogen of Pizza cheeses
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protein and reduced pH 4.6 and TCA soluble nitrogen in Mozzarella (Najafi et al., 2008). Ong et
al. (2007a) concluded from their research that microbial cultures have different proteolytic
activity and showed different TCA soluble nitrogen due to various degree of proteolysis. The
increase in pH 4.6 SN and TCA- SN with increasing level of Cheddar cheese may be attributed
to the greater hydrolytic protein of Cheddar cheese. The hydrolytic protein further increased
during ripening of Cheddar cheese therefore, the pH 4.6 soluble nitrogen and TCA soluble
nitrogen also increased in Pizza cheeses. Voigt et al. (2012) and Ozturk et al. (2013) showed
similar results that the levels of TCA soluble nitrogen increased signiﬁcantly over the course of
ripening. The nitrogen fractions generally increased as cheeses aged, corresponding to the
continued breakdown of casein and large peptides into small peptides and amino acids by the
action of starter culture, NSLAB, enzymes and residual rennet that increased the pH 4.6 and
TCA soluble nitrogen in cheese (Lau et al., 1991).
The caseins are broken down into large peptides mainly by the coagulant and some
indigenous milk enzymes e.g. plasmin and Cathepsin D, large peptides in to small peptides by
microbial proteinases and small peptides are hydrolyzed to amino acids by microbial peptidases
(Verdini et al., 2004).
4.5.3 Urea polyacrylamide gel electrophoresis (Urea-PAGE)
Cheese ripening is characterized by a number of microbiological and biochemical
changes which are caused by enzymes from the rennet, milk and from the microorganisms
associated with the cheese (starter and NSLAB). Proteolysis is the most complex and important
biochemical event, which occur in cheese during ripening through the activities of proteinases
and peptidases. It is also an indicator of the integrity of protein matrix.
Urea–PAGE chromatograms of the different Pizza cheeses are shown in Figure 4.5.3.
Casein fractions are being labelled according to Viotto, and Grosso (1999). Electrophoretogram
showed mainly the difference in casein fractions (αs1- and β-casein) of different pizza cheeses.
The hydrolysis of αs-1, αs-2 and β-caseins was more in PC5 and PC6 as compared to PC0, PC1
and PC2 which showed lowest degree of hydrolysis. β-casein degradation was negligible or at
low level in PC0, PC1 and PC4, while the intensity of its band decreased progressively as the
concentration of Cheddar cheese increased in the formation of pizza cheese. It is obvious from
the eletrophoretogram that amalgamation of Mozzarella and Cheddar cheese changes the amount
of hydrolytic products of casein in Pizza cheeses. As the level of Cheddar cheese increased, the
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intact casein decrease in the Pizza cheeses was also designated by pH 4.6 and TCA soluble
nitrogen (Table 4.5.1b and Figure 4.5.2 respectively). The electrophoretogram indicated that the
hydrolytic product (αs1-I-CN) of αs1-casein increased as the level of two months ripened
Cheddar cheese increased in Pizza cheeses from PC1-PC3 but in case of Pizza cheeses that had
four months ripened Cheddar cheese by increasing the level of Cheddar, the αs1-I-CN fragment
becomes less visible from PC4-PC6. In PC5 and PC6 it was further hydrolyzed as indicated by the
band below the αs1-I-CN.
McSweeney et al, (1993) and Fox and McSweeney (1996) also observed the remarkable
increase of αS1-I-casein at the beginning and decreased later with ripening time. This behavior
can be explained taking into account that αS1-I-casein is the fragment (f24–199) of αs1-casein
formed by initial cleavage and is susceptible to further proteolytic attack by different proteinases
and peptidases resulting in smaller fragments which disappear virtually in the later Pizza cheeses.
The production of αs1-casein (f 24-199) indicates the survival of some chymosin or the activity
of indigenous milk proteases Cathepsin D (Gagnaire et al., 2001) which has specifically similar
to chymosin (Hurley et al., 2000). Mayer et al. (1996) reported that αs1-I casein is the primary
degradation product, continues to increase at the end of ripening and is subsequently hydrolyzed
to yield different peptides.
The degradation is more noticeable in the Pizza cheeses with four months ripened
Cheddar cheese as compared to two months ripened Cheddar cheese. It is because of the reason
that protein continuously degraded during maturation and casein fractions broke into their
hydrolytic products. The results are in agreement with the trends reported by (Phelan et al.,
1973; Fenelon and Guinee, 2000). They concluded that both αs1- and β-casein (CN) were
progressively degraded during maturation, with the rate of breakdown of former being much
higher than that of the latter. Degradation of β-casein is more noticeable as the ripened Cheddar
cheese is added into Pizza cheeses but the degraded product γ-caseins are seen to be similar in
Pizza cheese with two and four months ripened Cheddar. Ceruti et al. (2012) also observed a
significant increase in γ-caseins during the first 61 days of the storage period; afterwards no
changes were noticed until 180 days of ripening, even though β-casein degradation did not stop.
A band between αs1-casein and β-casein that is also prominent in control (PC0) and its intensity
decreased with the increasing level and age of Cheddar cheese but it remains slightly visible in
all Pizza cheeses due to presence of fresh Mozzarella cheese (McSweeney et al., 1994). Previous
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Figure 4.5.3 Electrophoretogram showing proteolysis in Pizza cheese, CN (Casein standarad), PC0 (Pizza
cheese with 100% Mozzarella cheese), PC1 (Pizza cheese with 75% Mozzarella cheese and 25% two months
ripened Cheddar cheese), PC2 (Pizza cheese with 50% Mozzarella cheese and 50% two months ripened
Cheddar cheese, PC3 (Pizza cheese with 25% Mozzarella cheese and 75% two months ripened Cheddar
cheese), PC4 (Pizza cheese with 75% Mozzarella cheese and 25% four months ripened Cheddar cheese), PC 5
(Pizza cheese with 50% Mozzarella cheese and 50% four months ripened Cheddar cheese, PC6 (Pizza cheese
with 25% Mozzarella cheese and 75% four months ripened Cheddar cheese)
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studies reported the higher degradation of αs1-casein to αs1-casein (f 24-199) and β-casein to γ–
caseins (Creamer, 1976; Yun et al., 1993; Sousa and McSweeney, 2001; Sheehan et al., 2004;
Costabel et al., 2007). In contrast to their observation, in present investigation more hydrolysis
was found in β- casein than αs1-casein that was visible by the intensity of the band.
The alkaline milk proteinase, plasmin, which has a high specificity for β-casein
(Grufferty and Fox, 1988), is considered to be the major enzyme contributing to degradation of
β-casein in cheese. Plasmin is heat stable and does not get inactivated by the time/temperature
conditions (Dulley, 1972) used during heating of Mozzarella and Cheddar cheeses in the
formation of processed pizza cheese. Studies have also shown that plasmin activity in cheese
increases with increased cook temperature due to the increased conversion of plasminogen to
plasmin (Farkye and Fox, 1991). Therefore, it is expected that the higher temperature may result
in increased plasmin levels. This could be the reason that in present study, there was more
hydrolysis of β-casein into γ-casein and β-casein (fraction). Fox et al. (2000) reported the
production of β-casein fractions by plasmin in Cheddar cheese. Plasmin preferably hydrolyzed βcasein at Lys28-Lys29, Lys105-His106 and Lys107-Glu108 producing γ1, γ2 and γ3caseins and
proteoses and peptones (Mayer et al., 1996; Chaves et al., 1999; Lane and Fox 1999;
McSweeney, 2004 and Seisa et al., 2004). Since the true composition of γ-casein fraction
depends on the genetic variants of β–casein occurring in the milk used for cheese making (Eigel
et al., 1984). The functionality of pizza cheese increases from PC0 to PC6 due to hydrolysis of
intact casein. Proteolysis leads to high meltability in cheeses. As the level of Cheddar cheese
increased, due to comparatively high level of proteolytic product stretchibility decreased and
meltability increased as compared to control Mozzarella cheese (Guinee and O’Callaghan,
1997). The flowability of pizza cheeses also increased with increasing level and age of ripened
cheese, a trend consistent with the increase in primary proteolysis (Tunick et al., 1997).
4.5.4 RP-HPLC
Ripening is a biochemical event during which the caseins are broken down into their
hydrolytic products by proteolysis. In Pizza cheeses, the αs-1, αs-2 and β-casein hydrolysis by
residual coagulant is an important event of casein degradation. The amount of casein breakdown
in Pizza cheeses at different levels of cheeses (Mozzarella and Cheddar) and ripening months of
Cheddar cheese was monitored. Water insoluble fraction was used to study the proteolysis of
casein in Pizza cheeses. Casein was used as standard to assess the degree of hydrolysis in Pizza
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cheeses (Figure 4.5.4). In Pizza cheeses three peaks of αs-1and αs-2 caseins and β-casein were
identified by comparing their retention time of casein standard.
4.5.4.1 αs1-casein
Peak areas of αs1-casein fraction of Pizza cheeses are presented in Figure 4.5.4.1. The
difference in peak areas of αs1-casein of Pizza cheeses was observed due to amalgamation of
Mozzarella and Cheddar cheese. Maximum peak area was observed in PC 0 in which 100%
Mozzarella cheese was used as control while PC6 exhibited lowest peak area for αs1-casein. A
significant variation also existed in peak areas of αs1-casein due to levels of cheeses as indicated
from the Figure. 4.5.4.1. It was reduced as the level of Cheddar cheese increased in Pizza
cheeses and further reduction was noticed when four months ripened Cheddar cheese was used in
Pizza cheeses.
4.5.4.2 αs2-casein
The change in peak area of αs2-casein due to amalgamation of cheeses (Mozzarella and
Cheddar cheese) is presented in Figure 4.5.4.2. The highest peak area was observed in PC0
(100% Mozzarella cheese) whereas, lowest peak area was noted in PC6 (25% Mozzarella and
75% four months ripened Cheddar cheese). It is clear that level of cheeses (Mozzarella and
Cheddar) changed the αs2-casein fraction in Pizza cheeses. Higher peak area was observed in
Pizza cheeses with greater level of Mozzarella cheese (75%) while it was reduced as the level of
Cheddar increased (75%). Ripening of Cheddar cheese showed significant variation in peak area
of αs2-casein fraction. As the ripening months of Cheddar cheese increased; peak areas
decreased. Pizza cheeses with two months ripened Cheddar cheese showed higher while Pizza
cheeses with four months ripened Cheddar cheese exhibited lower peak area for αs2-casein
fraction.
4.5.4.3 β-casein
The peak area for β-casein fraction of Pizza cheeses is demonstrated in Figure. 4.5.4.3. It
was evident from the results that amalgamation significantly changed the peak area of β-casein.
Highest peak area of β-casein was observed in control sample possessed Mozzarella cheese
whereas lowest β-casein was recorded in PC6 that was an amalgam of 25% Mozzarella with 75%
four months ripened Cheddar cheese. Variation in β-casein fraction of Pizza cheeses by changing
the levels of Mozzarella and Cheddar cheese is clear from Figure. 4.5.4.3. It was apparent from
the results that increasing level of Cheddar cheese decreased the peak area of β-casein of Pizza
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cheeses. The Pizza cheeses made w5th the addition of 75% Mozzarella and 25% Cheddar cheese
showed highest peak area of β-casein while lowest peak area was observed in Pizza cheeses
prepared with the incorporation of 75% Cheddar cheese and 25% Mozzarella cheese. The change
in β-casein fraction of Pizza cheeses with ripening months of Cheddar cheese was illustrated in
Figure. The results demonstrated that β-casein in Pizza cheeses significantly decreased with
ripening months of Cheddar cheese. Pizza cheeses prepared with two months ripened Cheddar
cheese showed higher peak area of β-casein as compared to Pizza cheeses with four months
ripened Cheddar cheese
The casein fractions (αs-1, αs-2 and β-casein) of Pizza cheeses changes with
amalgamation of Cheddar and Mozzarella cheese. It might be due to difference of Mozzarella
and Cheddar cheese that had different manufacturing procedures and ripening (Verdini et al.,
2004). It was evident from the results that as the Cheddar cheese increased in Pizza cheeses, the
peak area for casein fractions were reduced. It could be attributed due to increase in proportion
of hydrolytic protein in Pizza cheeses because all casein fractions undergo continuous
degradation either by the coagulant or by other proteinases and peptidases of the starter bacteria
that decrease the levels of intact casein with increasing level of ripened cheese (McSweeney et
al., 1993). In current study, the content of intact casein (αs-1, αs-2 and β-casein) in Pizza cheeses
also decreased with ripening months of Cheddar cheese. It might be due to formation of water
soluble peptides and amino acids from casein that reduced the intact casein fractions. In case of
αS1-casein, the reduction was accompanied by an increase in αS1-I fraction which was
originated as a result of αS1-casein hydrolysis (Ceruti et al., 2012). Michaelidou et al. (1998)
studied the peptide profile of cheese that is produced by the breakdown of casein. They had
concluded that various peptides originated from αs1-casein and two peptides from the C-terminal
of β-CN. Fox and McSweeney (1996) also reported decrease in β-casein during ripening that was
converted into γ-caseins, which were produced from this protein by the action of plasmin.
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Figure 4.5.4 Casein standard

Figure 4.5.4.1 αs1-caseinfraction of Pizza cheeses
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Figure 4.5.4.2 αs2-casein fraction of Pizza cheeses

Figure 4.5.4.3 β-casein fraction of Pizza cheeses

98

4.6 Textural profile of Pizza cheeses
The international organization for standardization defines texture as all the rheological
and structural attributes of the product percieved by means of mechanical, tactile and where
appropriate visual and auditory reception (Fox et al., 2000). It is usually recognized that texture
has an important role in determining the characteristics and quality of a cheese. Textural
attributes are of mainly important to the customer acceptance and for the end use of the cheese
(Hort and Grys, 2000).
4.6.1 Hardness
The hardness of cheese reflects its chemical composition and the physicochemical state
of constituents i.e. solid to fat ratio etc. Hardness also expresses the cheese macrostructure,
indicating the existence of heterogeneities like granules connections in curd, ﬁssures and cracks
(Gunasekaran and Ak, 2003).
The statistical results regarding hardness of Pizza cheese shown in Table 4.6 revealed that
process of amalgamation when compared to control, ripening months and levels of cheeses
(Mozzarella and Cheddar) significantly (P<0.05) affect the hardness of Pizza cheeses while
interaction of Cheddar cheese ripening (months) × levels of cheeses had non-significant (P>0.05)
effect on the hardness of Pizza cheese.
The mean values for hardness of Pizza cheeses given in Table 4.6.1 indicated that
Mozzarella cheese used as control exhibited highest (7722.86 g) hardness while Pizza cheese
having 25% Mozzarella and 75% four months ripened Cheddar cheese (PC6) possessed lowest
value of hardness (5056.01 g) however a non-significant difference was noticed between PC2
and PC4. It was evident from results that levels of amalgamation significantly affect of the
hardness of Pizza cheeses.
The increase in level of Cheddar cheese reduces the hardness of Pizza cheeses as
indicated from the Figure 4.6.1. Highest mean value (6794.8 g) for hardness was observed in
Pizza cheeses made with 75% level of Mozzarella cheese while lowest hardness (5213.9 g) was
found in Pizza cheeses having higher level (75%) of Cheddar cheese. The ripening of Cheddar
cheese also affected the hardness of Pizza cheeses as depicted in Figure 4.6.1.
Hardness decreased in Pizza cheeses with increase in ripening period of Cheddar cheese. The
Pizza cheeses having 2 months ripened Cheddar cheese had higher hardness mean values (6265.9
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Table 4.6 Mean squares for texture profile analysis of Pizza cheeses
Source
variation

of Degrees of
Hardness
freedom

Cohesiveness

Springiness

Gumminess

Chewiness

Treatments

6

2611860*

0.0055778*

0.011444*

3652587*

3065726*

Control
others

1

7207838*

0.0099556*

0.022400*

9827977*

8248660*

849821*

0.0072000*

0.005000*

1789522*

1344496*

3784254*

0.0077389*

0.020217*

5122837*

4371184*

22498NS

0.0004167NS

0.000417NS

26176NS

29417NS

0.0007000

0.000514

0.62604

14484

vs.

Month (M)

Level (L)

1

2

MxL

2

Error

14

Total

15465

20

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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g) while Pizza cheese having 4 months ripened Cheddar cheese had lower mean values (5831.3
g) for hardness.
4.6.2 Cohesiveness
The results presented in the Table 4.6 illustrated the mean squares of cohesiveness of
Pizza cheeses. It is evident from the results that significant (P<0.05) variation existed in
cohesiveness of Pizza cheeses due to Mozzarella and Cheddar cheese amalgamation and their
levels. Cohesiveness also significantly (P<0.05) changed with ripening months of Cheddar
cheese whereas the interaction of ripening months of Cheddar cheese× levels of cheeses
exhibited non-significant (P>0.05) difference on the cohesiveness of Pizza cheese.
The mean values regarding cohesiveness of Pizza cheeses explicate in the Table 4.6.2
demonstrated that control sample (PC0) having 100% Mozzarella cheese possessed maximum
value (0.957) while PC6 with a combination of 25% Mozzarella and 75% four months ripened
Cheddar cheese exhibited lowest (0.84) cohesiveness value. It is also evident from the mean
value Table 4.6.2 that difference between PC0 and PC1, PC2 and PC4, PC5 and PC6 is nonsignificant.
It is indicated that amalgamation of Mozzarella and Cheddar cheese significantly changes
the cohesiveness of Pizza cheese. The change in cohesiveness with different levels of Cheddar is
illustrated in Figure 4.6.2. It is evident from the results that increased level of Cheddar cheese
decreased the cohesiveness of Pizza cheeses. Maximum cohesiveness (0.93) was observed in
Pizza cheeses with greater level of Mozzarella (75%) while lowest mean value (0.86) for
cohesiveness was observed in Pizza cheeses of higher Cheddar cheese (75%). The variation in
cohesiveness of Pizza cheeses with ripening months of Cheddar cheese is elucidated in Figure
4.6.2. It is obvious from the results that ripening of Cheddar cheese significantly decreased the
cohesiveness of Pizza cheeses. The higher mean value (0.914) of cohesiveness was observed in
Pizza cheeses made with two months ripened Cheddar cheese while lower mean value (0.874) of
cohesiveness was found in Pizza cheeses prepared with four months ripened Cheddar cheese.
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Table 4.6.1 Effect of amalgamation of Mozzarella and Cheddar cheese on hardness (g) of
Pizza cheeses
Ripening months

2 months

4 months

Treatments

Mozzarella

Cheddar

(%)

(%)

Mean ± SE

PC0

100

0

7722.86 ± 47.72A

PC1

75

25

7075.01 ± 70.06B

PC2

50

50

6350.96 ± 105.4C

PC3

25

75

5371.78 ± 64.28E

PC4

75

25

6514.61 ± 57.84C

PC5

50

50

5923.42 ± 65.86D

PC6

25

75

5056.01 ± 77.29F

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.6.1 Effect of ripening months of Cheddar cheese and levels of cheeses on hardness
of Pizza cheeses
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Table 4.6.2 Effect of amalgamation of Mozzarella and Cheddar cheese on cohesiveness of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

0.957 ± 0.007A

PC1

75

25

0.943 ± 0.012A

PC2

50

50

0.920 ± 0.006AB

PC3

25

75

0.880 ± 0.023BC

PC4

75

25

0.920 ± 0.012AB

PC5

50

50

0.863 ± 0.018C

PC6

25

75

0.840 ± 0.021C

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.6.2 Effect of ripening months of Cheddar cheese and levels of cheeses on
cohesiveness of Pizza cheeses
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4.6.3 Springiness
Mean squares regarding springiness of Pizza cheeses are presented in the Table 4.6. It is
indicated that variables amalgamation, ripening months of Cheddar cheese and the levels of
natural cheeses (Mozzarella and Cheddar) significantly (P<0.05) effected the springiness of
Pizza cheese. The difference between amalgamated cheeses and control was also significant
(P<0.05). The interaction of ripening months of Cheddar cheese with the levels of cheeses
showed non-significant (P>0.05) effect on the springiness of Pizza cheeses.
The results shown in Table 4.6.3 elucidate the mean values of springiness of Pizza
cheeses prepared by mixing Mozzarella and Cheddar at different levels. It is obvious from the
results that cheeses amalgamation significantly changes the springiness of Pizza cheese. The
higher mean value (0.677) of springiness was observed in control sample containing 100%
Mozzarella cheese whereas lowest springiness (0.52) was recorded in PC6 that was an amalgam
of 25% Mozzarella with 75% four months ripened Cheddar cheese.
Variation in springiness of Pizza cheeses by changing the levels of Mozzarella and
Cheddar cheese is well explained in Figure 4.6.3. It is apparent from the graph that increasing
level of Cheddar cheese decreased the springiness of Pizza cheeses. The Pizza cheeses made
with the addition of 75% Mozzarella and 25% Cheddar cheese showed highest mean value
(0.648) of springiness while lowest mean values (0.537) was observed in Pizza cheeses prepared
with the incorporation of 75% Cheddar cheese and 25% Mozzarella cheese. The change in
springiness of Pizza cheeses with ripening months of Cheddar cheese is also obvious from graph
that springiness in Pizza cheeses significantly decreased with ripening months of Cheddar
cheese. Pizza cheeses prepared with two months ripened Cheddar cheese showed higher mean
value of springiness (0.601) as compared to Pizza cheeses with four months ripened Cheddar
cheese (0.567).
4.6.4 Gumminess
Gumminess may be a better term than chewiness for cheese and other semisolid food. It
is the energy needed to disintegrate a semisolid food until it is ready for swallowing (Lee et al.,
1978).
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Table 4.6.3 Effect of amalgamation of Mozzarella and Cheddar cheese on springiness of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

0.677 ± 0.003A

PC1

75

25

0.657 ± 0.007A

PC2

50

50

0.590 ± 0.006B

PC3

25

75

0.553 ± 0.019BC

PC4

75

25

0.640 ± 0.015A

PC5

50

50

0.540 ± 0.021C

PC6

25

75

0.520 ± 0.010C

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.6.3 Effect of ripening months of Cheddar cheese and levels of cheeses on
springiness of Pizza cheeses
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Statistical results pertaining to gumminess of Pizza cheese is given in Table 4.6. The
mean squares revealed that gumminess significantly (P<0.05) differed with natural cheeses
amalgamation, Cheddar cheese ripening months and levels of cheeses (Mozzarella and Cheddar)
in Pizza cheeses whereas interaction of Cheddar cheese ripening months × levels of cheeses
indicated non-significant (P>0.05) variation in gumminess.
Mean values concerning gumminess of Pizza cheeses are presented in Table 4.6.4. The
results demonstrated that gumminess of Mozzarella cheese used as control (PC0) was found to be
highest (7388.26) while Pizza cheese having 25% Mozzarella and 75% four months ripened
Cheddar cheese (PC6) showed lowest gumminess value (4246.98). The difference between PC2
(5843.87) and PC4 (5993.44) was found to be non-significant. It is obvious from the results that
amalgamation of natural cheeses significantly changes the gumminess of Pizza cheeses. The
gumminess of Pizza cheeses with different levels of Mozzarella and Cheddar cheeses is
illustrated in Figure 4.6.4. The results showed that Pizza cheeses prepared with 75% levels of
Mozzarella cheese showed highest mean value of gumminess (6333.7) while Pizza cheeses
contrived with the combination of 25% Mozzarella and 75% Cheddar cheese possessed lowest
mean value (4487.4) of gumminess. Ripening months of Cheddar cheese also significantly affect
the gumminess of Pizza cheeses (Figure 4.6.4).The Pizza cheeses with two and four months
ripened Cheddar cheese have mean values of 5748.6 and 5118.0 respectively for gumminess. It
is obvious from the results that the gumminess reduced in Pizza cheeses as ripening months of
Cheddar cheese increased. The reduction was highest in (PC4-PC6) as compared to PC1- PC3.
4.6.5 Chewiness
The statistical analysis of chewiness of Pizza cheeses is presented in Table 4.6 revealed
that amalgamation of cheeses, ripening months of Cheddar cheese and levels of cheeses
significantly (P<0.05) effect the chewiness of Pizza cheeses. The interactions between ripening
period of cheese and concentration of cheeses did not affect significantly (P>0.05) the chewiness
of Pizza cheese.
Mean values for chewiness of Pizza cheeses are explicated in the Table 4.6.5. It is evident
from the results that the chewiness of control sample (100% Mozzarella cheese) was higher
(4999.36) value than all other Pizza cheeses. All pizza cheese samples varied significantly with
each other except PC3 and PC5 which differed non-significantly.
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Table 4.6.4 Effect of amalgamation of Mozzarella and Cheddar cheese on Gumminess of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

7388.26 ± 46.20A

PC1

75

25

6674.05 ± 64.79B

PC2

50

50

5843.87 ± 129.1C

PC3

25

75

4727.79 ± 84.76E

PC4

75

25

5993.44 ± 37.53C

PC5

50

50

5113.45 ± 66.40D

PC6

25

75

4246.98 ± 39.29F

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.6.4 Effect of ripening months of Cheddar cheese and levels of cheeses on
gumminess of Pizza cheeses
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The lowest mean value (2208.13) for chewiness was observed in PC6 which had 25% Mozzarella
and 75% four months ripened Cheddar cheese.
The variation in chewiness with amalgamation of Mozzarella and Cheddar cheese is
presented in Figure 4.6.5. It is apparent from Figure that changes in chewiness decreases as the
level of Cheddar cheese increases. The Pizza cheeses with lower levels of Cheddar cheese (25%)
have highest mean value (4109.1) of chewiness while Pizza cheeses prepared with higher levels
of Cheddar cheese (75%) exhibits lowest chewiness (2411.5). The variation in chewiness of
Pizza cheeses due to ripening of Cheddar cheese is clearly evident from the Figure 4.5.5. The
Pizza cheeses with two months ripened Cheddar cheese are chewier (3481.6) as compared to
Pizza cheeses with four months ripened Cheddar cheese (2935.0).
Mozzarella and Cheddar cheese mixing considerably changes the TPA of Pizza cheeses.
The results of the present investigation indicated that all the textural attributes decreased
significantly by the increasing the level of Cheddar cheese in Pizza cheese blends and further
decrease was observed with increasing the ripening months. The changes in the texture
characteristics of Pizza cheeses may be attributed due to the difference in physicochemical
composition of Cheddar and Mozzarella cheese. No doubt, the moisture content of control (PC0)
was higher, but it was positively correlated with the textural attributes of Pizza cheese samples
composed of different blends of Mozzarella and Cheddar cheeses.
It could be related to the higher level of intact casein which incorporated to the higher values of
textural attributes to Pizza cheese containing more percentage of Mozzarella cheese. The higher
levels and longer ripening of Cheddar cheese are associated with greater proportion of hydrolytic
protein due to formation of more amino acids and peptides during ripening. The interaction
between protein networks becomes week and Pizza cheeses with softer texture are obtained
(Sousa and McSweeney 2001), therefore, values for all texture attributes reduced with increased
ripened cheese.
Acharya and Mistry (2005) observed similar outcomes and reported that decrease in TPA
values is not solely related to decrease of intact casein but also a function of α-s1 hydrolysis
during primary maturation. Piska and Stetina (2003) worked on the processed cheese made from
natural Cheddar and concluded that processed cheese ﬁrmness decreased, due to an increase in
the age of the natural cheese that was associated with the reducing level of intact casein in
Cheddar cheese during ripening.
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Table 4.6.5 Effect of amalgamation of Mozzarella and Cheddar cheese on chewiness of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

4999.36 ± 84.38A

PC1

75

25

4382.15 ± 41.05B

PC2

50

50

3447.78 ± 81.02D

PC3

25

75

2614.93 ± 16.07E

PC4

75

25

3836.01 ± 103.2C

PC5

50

50

2760.91 ± 63.62E

PC6

25

75

2208.13 ± 58.93F

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.6.5 Effect of ripening months of Cheddar cheese and levels of cheeses on chewiness
of Pizza cheeses
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These results are also supported by finding of Awad et al. (2002) they demonstrated that
cheese-analogue hardness, gumminess and chewiness were negatively correlated with pH 4.6
soluble nitrogen contents.
The soluble calcium level increases in the order of this reduction and it is indicated that
level of calcium also affects the texture profile of Pizza cheeses (Guinee et al., 2002). The
soluble calcium level in Pizza cheeses increased due to increasing levels and age of ripened
Cheddar cheese perhaps a function of greater susceptibility of proteolysis in Cheddar cheese
(Fox, 1970) thus, weakening the interactions between proteins network that increases calcium
solubilization which is responsible for the changes in texture of Pizza cheese blends. Ong et al.
(2013) also found that the springiness and cohesiveness of cheese with the addition of CaCl2 was
higher than the springiness or cohesiveness in cheeses with low levels of calcium, possibly due
to the greater number of cross-linkages induced by Ca addition, which increases the casein
intermolecular associations in the cheese network. Metzger et al. (2000) also observed that
chewiness is negatively correlated with the levels of ripened Cheddar cheese because of
increased proteolysis and decreases of water insoluble calcium or might be due to combination of
both.
In Pizza cheeses, changes in TPA might be due to difference of structural components
arrangements. The cheeses made with the addition of more percentage of Mozzarella showed
less porosity due to strong protein network thereby, have higher value of textural attributes while
in Pizza cheese containing ripened Cheddar cheese, the values decreased, which might be due to
more structural disintegration and expanded protein network (Awad et al., 2005; Brickley et al.,
2008; Lu et al., 2008; Ong et al., 2012).
pH is also another important factor that may affect the texture of Pizza cheeses. It has
been observed that as the concentration of Cheddar cheese increased in Pizza cheese blend, the
pH value also increased. Higher pH produce negative charge on the casein which leads to
repulsion forces in casein matrix that may weaken the protein structure and all the texture
attributes (Bunka et al., 2014).
The present investigation showed some conflicting results to that of previous studies.
Graet et al. (1983) ensued that changes in firmness of processed cheeses closely related to the
increase in pH 4.6 SN/TN but not the soluble Ca content. They pointed out that Ca equilibrium
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might be destroyed due to citrate and phosphates used for emulsification which consequently
changed the level of soluble and insoluble calcium in processed cheese.
Likewise, cohesiveness were observed in the range of 0.95-0.84 and it was reduced
during ripening but in a study conducted by Hladka et al. (2014) cohesiveness of processed
cheese manufactured from Edam cheese at different maturity levels (1, 8 and 16 weeks) were in
the range of 0.47-0.53. They reported that there was no dependence of maturity level on the
cohesiveness level of cheese.
4.7 Meltability of Pizza cheese
Meltability is the homogeneity and consistency of cheese sample after heating. Cheese
melting characteristics, especially of Mozzarella, Cheddar and processed cheese varieties are the
leading factor in determining quality for a particular product applications and for consumer
acceptance (Lefevere et al., 2000).
The data regarding meltability of Pizza cheeses is presented in Table 4.7a. The results
demonstrated that amalgamation had significant (P<0.01) influence on meltability of Pizza
cheeses when compared to control. Both ripening months of Cheddar cheese and levels of
cheeses (Mozzarella and Cheddar) effect significantly (P<0.01) the melting behavior of Pizza
cheeses. However, interactive effect of ripening months of Cheddar cheese and levels of cheeses
exhibited non significant (P>0.05) difference.
Mean values pertaining to meltability of Pizza cheeses are given in the Table 4.7b. The
results revealed that PC0 in which Mozzarella cheese was used as control exhibited lowest
(10.17cm) while PC6 (25% level of Mozzarella and 75% level of four months) Cheddar exhibited
highest meltability value (25.82cm). Level of cheeses considerably changes the meltability of
Pizza cheese as indicated from the Figure 4.7. The meltability of Pizza cheeses with higher
(75%) level of Cheddar cheese observed to be higher (25cm) as compared to Pizza cheeses with
greater (75%) level of Mozzarella cheese (14.14cm). Similarly, the aggregate mean for
meltability of Pizza cheeses with 2 and 4 months ripened Cheddar cheese were 19.27 and
21.32cm respectively, indicating that ripening months had significant effect on the meltability of
Pizza cheeses (Figure 4.7).
The amalgamation of cheeses considerably improves the meltability of Pizza cheeses.
The meltability of control Pizza cheese was less as compared to amalgamated Pizza cheeses
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which might be associated with reduced pH of Mozzarella cheese (4.88) that was very close to
isoelectric point of casein that resulted in the formation of compact protein network which
decreased the flowing and melting properties (Pastorino et al., 2003a). The decrease in
meltability due to low pH is in accordance with the findings of Guinee et al. (2000a). They found
that reduction of pH above 5.0 promote flowing property of cheese due to more solubilization of
miceller calcium and increase of soluble to colloidal Ca and casein hydration. In contrast, the
reduction of pH below 5.0, predominates the acid precipitation of proteins that causes the
compaction of protein network and decreased meltability. It may also be due to the reason of less
fat content of Mozzarella cheese as compared to Pizza cheeses, as fat plays an important role in
melting characteristics of cheeses (Sameen et al., 2010).
The meltability of Pizza cheeses was significantly increased by increasing level and
ripening months of Cheddar cheese. It may be due to higher degree of protein hydration and
soluble calcium level in Cheddar cheese which results in homogeneous matrix of cheese (Joshi et
al., 2003). Therefore, as the level of Cheddar cheese increases, the meltability of Pizza cheeses
also increases (Guinee et al., 2000).
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Table 4.7a Analysis of variance for meltability of Pizza cheeses
Source of variation
Treatments

Degrees
freedom
6

of Sum of squares

Mean squares

F-value

655.750

109.292

288.84**

Control vs. others

1

263.756

263.756

697.08**

Months (M)

1

19.014

19.014

50.25**

Levels (L)

2

372.474

186.237

492.20**

MxL

2

0.506

0.253

0.66NS

Error

14

5.297

0.378

Total

20

661.047

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.7b Effect of amalgamation of Mozzarella and Cheddar cheese on meltability of
Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2 months

4 months

PC0

100

0

10.17±0.176G

PC1

75

25

13.10±0.379F

PC2

50

50

20.51±0.281D

PC3

25

75

24.19±0.398B

PC4

75

25

15.19±0.258E

PC5

50

50

22.96±0.472C

PC6

25

75

25.82±0.425A

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.7 Effect of ripening months of Cheddar cheese and levels of cheeses on meltability
of Pizza cheeses
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4.8 Stretchability of Pizza cheese
The stretchability of cheese after heating is the main requirement for pizza topping. It is
the ability of cheese to stretch and form long strings when extended. It is the unique property of
Mozzarella cheese that makes its application particularly for Pizza topping.
The results regarding mean squares of stretchability of Pizza cheese are given in the
Table 4.8a. The variables like amalgamation of cheeses (Mozzarella and Cheddar), ripening
period of Cheddar cheese and levels of cheeses significantly (P<0.01) affect the stretchability of
Pizza cheeses. The interaction between ripening months of Cheddar cheese and levels of cheeses
exhibited non-significant (P>0.05) influence on the stretchability of Pizza cheeses.
The mean values for stretchability of Pizza cheeses made by Mozzarella and Cheddar
cheese amalgamation are depicted in Table 4.8 b. It is obvious from the result that cheeses
amalgamation significantly changes the stretchability of Pizza cheeses. The highest mean value
(34.5 cm) for stretchability was observed in control sample prepared with Mozzarella cheese
alone whereas lowest stretchability (27.83 cm) was recorded in PC6 that was an amalgam of 25%
Mozzarella with 75% four months ripened Cheddar The Figure 4.8 also expressed the effect of
different levels of Mozzarella and Cheddar cheese amalgamation on the stretchability of Pizza
cheeses. It was evident from the results that highest (32.98 cm) stretchability was observed in
Pizza cheeses having 75% level of Mozzarella cheese while lowest was found in Pizza cheeses
with 75% level of Cheddar cheese (28.17 cm). The stretchability of Pizza cheeses significantly
decreased with the increase of ripening months of Cheddar cheese as indicated from the Figure
4.8. The results illustrated that the Pizza cheeses prepared with the addition of two months
ripened Cheddar cheese in Mozzarella cheese had higher (31.02 cm) value of stretchability
whereas the Pizza cheeses contrived with the combination of four months ripened Cheddar
cheese and Mozzarella cheese ensured lowest mean value (30.01 cm) of stretchability.
The maximum stretchability of control sample might be due to lower pH of Mozzarella
cheese. Table 4.8 shows the results that reduction of calcium content increases stretchability of
cheese. The reduced calcium content increases water binding capacity of cheese, therefore,
facilitates the stretchability in controlled cheese.
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Table 4.8a Analysis of variance for stretchability of Pizza cheeses
Source of variation
Treatments

Degrees
freedom
6

of Sum of squares

Mean squares

F-value

115.824

19.3040

39.10**

Control vs. others

1

40.812

40.8121

82.66**

Months (M)

1

4.611

4.6107

9.33**

Levels (L)

2

69.770

34.8852

70.66**

MxL

2

0.631

0.3155

0.63NS

Error

14

6.912

0.4937

Total

20

122.736

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.8b Effect of amalgamation of Mozzarella and Cheddar cheese on stretchability
(cm) of Pizza cheeses
Ripening months

Treatments

Mozzarella

Cheddar (%)

Mean ± SE

(%)

2

4

PC0

100

0

34.50±0.608A

PC1

75

25

33.40±0.451AB

PC2

50

50

31.17±0.664C

PC3

25

75

28.50±0.173DE

PC4

75

25

32.57±0.260B

PC5

50

50

29.63±0.145D

PC6

25

75

27.83±0.137E

Means sharing similar letter are statistically non-significant (P>0.05).

Figure 4.8 Effect of ripening months of Cheddar cheese and levels of cheeses on
stretchability of Pizza cheeses
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Amalgamation of Mozzarella cheeses with Cheddar cheese reduced stretchability that
could be attributed to higher pH and calcium content that decreased water binding capacity and
reduce stretchability in amalgamated Pizza cheeses (Guinee et al., 2002). The increasing level
and age of Cheddar cheeses reduces stretchability of Pizza cheeses which may be attributed with
the breakdown of protein that reduces cross linkages between protein network that deteriorates
the structure stability of Pizza cheeses (Zisu and Shah, 2005). Cheeses like Cheddar, due to
relatively high level of proteolysis when gets mature shows lower stretch properties as compared
to low moisture Mozzarella cheese (Guinee and O’Callaghan, 1997). The increasing level and age
of Cheddar cheese in Pizza cheeses may also increase the porosity of casein matrix due to more
proportion of hydrolytic protein therefore, reduces the ability of protein to withstand stretch
(Bertola et al., 1996; Tunick et al., 1997).
4.9 Expressible serum in Pizza cheese
The level of expressible serum has been used as an index of the water binding capacity of'
the cheese paracasein and the lower level of expressible serum indicating a high water binding
capacity (Kindstedt et al., 1995).
The statistical analysis of the data concerning the expressible serum of Pizza cheese
depicted in Table 4.9a revealed that process of amalgamation when compared to control,
Cheddar cheeses ripening months and level of cheeses (Mozzarella and Cheddar) significantly
(P<0.01) affected the expressible serum of Pizza cheeses while interactive effect of Cheddar
cheese ripening months with levels of cheeses had non-significant (P>0.5) effect on the
expressible serum of Pizza cheese.
The mean values of expressible serum for Pizza cheeses given in Table 4.9b indicated
that Pizza cheese containing only Mozzarella cheese PC0 exhibited highest (12.19g/100g) mean
value for expressible serum while Pizza cheese having 25% Mozzarella and 75% four months
ripened Cheddar cheese (PC6) possessed lowest (3.59g/100g) value of expressible serum. It
might be conceived fro1 the results that the difference among PC2 and PC4 is statistically nonsignificant. Similar, is the case with PC3 and PC5.
It is evident from results that levels of amalgamation affect the expressible serum of
Pizza cheeses. The increase in level of Cheddar cheese reduces the expressible serum of Pizza
cheeses as indicated from the Figure 4.9. Hence, the highest mean value (8.9g/100g) for
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expressible serum in Pizza cheeses was observed in cheese containing 75% level of Mozzarella
cheese while lowest (4.81g/100g) expressible serum was found in Pizza cheeses having higher
level (75%) of Cheddar cheese. The influence of Cheddar cheese ripening on the expressible
serum of Pizza cheeses is depicted in the Figure 4.9. Expressible serum decreased in Pizza
cheeses with increased in ripening period of Cheddar cheese. The Pizza cheeses having 2 months
ripened Cheddar cheese have higher expressible serum mean values (7.78g/100g) while Pizza
cheese having 4 months ripened Cheddar cheese has lower mean values (5.72g/100g) for
expressible serum.
The notable change was observed in expressible serum of Pizza cheeses due to
amalgamation of Pizza cheeses. This variation might be due to moisture content difference of
both cheeses as shown in Table 4.2. Control sample express maximum serum because of higher
moisture content in Mozzarella cheese, as the high moisture cheeses expresses greater serum
(Guo and Kindstedt, 1995). The amalgamated Pizza cheeses releases less serum due to inclusion
of Cheddar cheese which has less moisture content (Morris et al., 1988). The significant
reduction of expressible serum in Pizza cheeses by increasing level and age of Cheddar cheese
may also be associated with the reduction of bound calcium level that increases the water
holding capacity of casein and express less serum (Guinee et al., 2002). Increase in the water
binding capacity during ageing coincides with an improvement in functionality and a lesser
tendency for the cheese to dry out, blister formation and crust during baking (Kindstedt, 1993).
Guinee et al., 2000 confirmed the Kindstedt finding that it could also be due to increase of water
binding capacity of para-casein that took place during maturation. Higher concentration of
solubilized casein have been attributed to a decrease in the amount of expressible serum (Guo
and Kindstedt, 1995) that would be another reason of low amount of expressible serum in
cheeses that have more level of Cheddar cheese. The differences in the amount of expressible
serum between treatments may be related to the differences in the binding affinity of calcium for
the different types of cheese that affect the casein matrix and the amount of casein soluble in
water phase of cheese (Metzger et al., 2001)
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Table 4.9a Analysis of variance for expressible serum of Pizza cheeses
Source of variation
Treatments

Degrees
freedom
6

of Sum of squares

Mean squares

F-value

147.991

24.6652

83.92**

Control vs. others

1

76.051

76.0512

258.76**

Months (M)

1

19.241

19.2407

65.46**

Levels (L)

2

50.594

25.2970

86.07**

MxL

2

2.105

1.0527

3.58NS

Error

14

4.115

0.2939

Total

20

152.106

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.9b Effect of amalgamation of Mozzarella and Cheddar cheese on expressible serum
(g/100g) of Pizza cheeses
Ripening months

Treatments
PC0

2 months

4 months

Mozzarella
(%)
100

Cheddar (%)

Mean ± SE

0

12.19 ± 0.30A

PC1

75

25

9.46 ± 0.27B

PC2

50

50

7.86 ± 0.52C

PC3

25

75

6.04 ± 0.23D

PC4

75

25

8.35 ± 0.30C

PC5

50

50

5.22 ± 0.16D

25
75
PC6
Means sharing similar letter are statistically non-significant (P>0.05).

3.59 ± 0.28E

Figure 4.9 Effect of ripening months of Cheddar cheese and levels of cheeses on expressible
serum of Pizza cheeses
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4.10 Baking performance of Pizza cheese on toppings
Food color is an important sensory attribute that can affect the acceptance and marketing
of cheese (Yates and Drake, 2007). In some cheeses when pleasant flavors such as nutty, buttery,
and milky are missing, the consumer’s attention goes towards cheese color and the sales of the
cheese become less if the color is not according to standard (Wadhwani and McMahon, 2012).
4.10.1 L* value
L* value is the degree of whiteness present in cheese (Hunter Lab, 2011). Statistical
results provided in Table 4.10 indicated that concentration of Mozzarella and Cheddar cheese,
ripening months of Cheddar cheese and levels of cheeses significantly (P<0.05) effected the L*
values (whiteness) of Pizza cheeses before and after baking, whereas, interaction of ripening
months of Cheddar cheese × levels of cheeses had non-significant (P>0.05) effect on the L*
values of Pizza cheeses.
The L* values of Pizza cheeses before and after cooking indicated that PC0 (100%
Mozzarella cheese) exhibited the highest value (81.09 and 85.34) than other Pizza cheeses before
and after baking (Table 4.10.1a) while the lowest (62.41 and 79.68) values of whiteness was
observed in PC6 for both before and after cooking respectively. It was also obvious from the
results that difference between PC2 and PC4, PC3 and PC5 was non-significant
It was apparent from the results that amalgamation significantly had changed the
whiteness of Pizza cheeses as evident from the Table 4.10.1b. The Pizza cheeses with higher
(75%) level of Mozzarella cheese were observed to be whiter as compare to Pizza cheeses with
75% level of Cheddar cheese. Ripening period of Cheddar cheese also influenced the whiteness
of Pizza cheeses (Table 4.10.1b). The cheeses with four months ripened Cheddar cheese were
less white 66.05 (before cooking) and 80.83 (after cooking) as compared to two months ripened
Cheddar cheese 75.15 (before cooking) and 82.12 (after cooking). After baking, the effect of
ripening was found to be non-significant i.e. 82.12 and 80.83 in 2 and 4 month ripened Cheddar
cheese respectively.
The changes in whiteness with amalgamation of cheeses might be due to moisture
content and variability in composition and structure of Mozzarella and Cheddar cheeses. The
Mozzarella cheese had more heterogeneous structure and moisture content as compared to
Cheddar cheese. Therefore, the higher level of Mozzarella cheese in Pizza cheeses results greater
whiteness.
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Table 4.10 Analysis of variance Table for color values of Pizza cheeses before and after cooking
Source of

L* value

variation

a* value

b*value

Degrees of
freedom
After cooking

6

144.923*

11.971*

0.60736*

2.55548*

0.069421NS

0.065505NS

1

328.313*

38.412*

3.12086*

6.06764*

0.000096NS

0.001467NS

Months (M)

1

372.736*

7.5401*

0.13347*

6.37245*

0.140450NS

0.113606NS

Levels (L)

2

82.558*

11.865*

0.18152*

1.43094*

0.057150NS

0.078422NS

MxL

2

1.0723NS

0.01341NS

0.01545NS

0.117595NS

0.060556NS

Error

14

2.2145

0.02775

0.01299

0.069421

0.113700

Total

20

Treatments
Control
others

vs.

1.685NS
2.789

Before cooking After cooking Before cooking

After

Before cooking

cooking

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.10.1a Effect of Mozzarella and Cheddar cheese amalgamation on L* value of Pizza cheeses
Ripening months

2 months

Treatments

Mozzarella (%)

Cheddar (%)

PC0

100

0

Mean ± SE
Before cooking
81.90 ± 1.16A

Mean ± SE
After cooking
85.34±0.53A

PC1

75

25

79.45 ± 1.17A

83.30 ± 0.61AB

PC2

50

50

74.48 ± 0.50B

82.69 ± 1.26BC

PC3

25

75

71.51 ± 0.86C

80.37 ± 0.55CD

PC4

75

25

69.29 ± 0.69CD

82.37 ± 1.08BC

PC5

50

50

66.44 ± 1.05D

80.43 ± 0.99CD

PC6

25

75

62.41 ± 1.12E

79.68 ± 0.69D

4 months

4.10.1b Effect of ripening months of Cheddar and levels of cheeses (Mozzarella and Cheddar) on the L* of Pizza cheese before
and after cooking
Before cooking

Months
75-25
2

Means
25-75

79.45±1.17

74.48±0.50

71.51±0.86

75.15±1.24A

69.29±0.69

66.44±1.05

62.41±1.12

66.05±1.11B

74.37±2.35A

70.46±1.87B

66.96±2.13C

2

83.30±0.61

82.69±1.26

80.37±0.55

82.12±0.62A

4

82.37±1.08

80.43±0.99

79.68±0.69

80.83±0.62A

82.84±0.59A

81.56±0.88AB

80.03±0.42B

4
Means
After cooking

Levels
50-50

Means

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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The scattering of light by the cheese is associated to the heterogeneity of molecules and
atoms (Bohren and Huffman, 1983; Zemb, 1990). The higher level of moisture content and
heterogeneous structure of Mozzarella provides greater surface area for scattering of light
(Pastorino et al., 2002). In Pizza cheeses, the whiteness also changes with the ripening months of
Cheddar cheese. The decrease in the intensity of whiteness as the ripening months increased may
be associated with decreased level of intact casein and bound calcium. The intact casein and
calcium level are responsible for the white color of cheeses. These observations concurs the
results of Joshi et al. (2003) who found less whiteness in low calcium cheeses during ripening.
4.10.2 a* value
a* value is an indicator of green (–) and red (+) color present in cheese (Hunter Lab,
2011). Statistical result (Table 4.10) indicated that amalgamation of cheeses, their level and
ripening period significantly (P<0.05) affected a* value of pizza cheese while the interactive
effect of cheeses level and ripening month was found to be non-significant (P>0.05) regarding a*
value of pizza cheese.
Mean values for green-red (negative to positive a*) color of Pizza cheeses before and
after cooking were dipicted in Table 4.10.2a. The results showed that controlled Pizza cheese
PC0 (100% Mozzarella cheese) are more (-8.26 before cooking and -7.69 after cooking) greenish
as compared to Pizza cheeses prepared with amalgamation of Mozzarella and Cheddar cheese.
The lowest (-6.88 before cooking and -5.15 after cooking) green color was observed in PC6 Pizza
cheese which was an amalgam of 25% Mozzarella and 75% four months ripened Cheddar
cheese.
The difference between PC3 and PC4 was found to be non-significant. The variation in
the intensity of a* value of Pizza cheeses influenced by the level of Mozzarella and Cheddar
cheeses was also evident from the Table 4.10.2b. The Pizza cheeses made with higher level of
Mozzarella (75%) were greener (-7.34 before cooking and -6.67 after cooking) as compare to
Pizza cheeses with 75% level of Cheddar (-6.99 before cooking and -5.70 after cooking). It was
further noticed that ripening months of Cheddar cheese also changed the intensity of green to red
color in Pizza cheeses (Table 4.10.2b). The Pizza cheeses with four months ripened Cheddar
cheese were comparatively less green as compared to Pizza cheeses manufactured with two
months ripened Cheddar cheese.
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In Pizza cheeses, variation of a* value was found with the amalgamation of Mozzarella
and Cheddar cheese. It might be due to difference of reaction substrates of both cheeses. Cheddar
cheese has more reaction substrates due to increased levels of proteolysis and lipolysis and is
more susceptible to browning as compared to Mozzarella cheese (Metzger et al., 2000). As the
level of Cheddar cheese increases in the Pizza cheeses, negative a* value becomes less. It may be
due to higher concentration of galactose that causes browning due to its higher molar
concentration and reactivity (Dattatreya et al., 2010). In Pizza cheeses as the ripening period
increased, the negative a* value decreased. It might be due to hydrolysis of lactose and increased
concentration of reaction substrates that were responsible for brown color in Pizza cheeses. In
case of Mozzarella cheese the concentration of residual lactose is lower due to more drop in pH
during cheddaring as compared to Cheddar cheese, this could be the reason of more –ve value of
a*. Lee et al. (2014) suggested similar results from their outcome that Cheddar cheese was more
susceptible to browning due to higher concentrations of reaction substrates produced during
ripening.
4.10.3 b* value
The color value b* is an indicator of blue (–) and yellow (+) color in cheese (Hunter Lab,
2011). Statistical results regarding b* values (blue to yellow color) before and after baking of
Pizza cheeses were given in Table 4.10. Mean square values indicated that cheeses (Mozzarella
and Cheddar) amalgamation, their levels and ripening months of Cheddar cheese have nonsignificant (P>0.05) effect on b* value of Pizza cheeses. The interactive effect of cheeses level ×
ripening months of Cheddar cheeses also showed non-significant effect on the b* value of Pizza
cheeses.
The mean for b* value of Pizza cheeses with amalgamation, ripening months of Cheddar
cheese and levels of cheeses was expressed in Table 4.10.3a and 4.10.3b. The results indicate the
b* value of all the samples varied from 18.30 to 18.79. After cooking, more yellowish color was
obtained while the b* value in 4 month ripened Cheddar cheese was little bit more as compared
to 2 months ripened Cheddar cheese. Maxium b* value of Pizza cheese made with 4 months
ripened Cheddar cheese was found in PC5 (18.79) before and after cooking. Table 4.11.3b also
showed that maximum b* value in both 2 and 4 months ripened Cheddar cheese was found in
equal concentration of Mozzarella and Cheddar cheese. Interaction of cooking methods with
different levels of Cheeses (Mozzarella and Cheddar) was presented in Table 4.10.3b.
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Table 4.10.2a Effect of Mozzarella and Cheddar cheese amalgamation on a* value of Pizza cheeses
Ripening months

2 months

Treatments

Mozzarella (%)

Cheddar (%)

Mean ± SE

Mean ± SE

Before cooking

After cooking

PC0

100

0

-8.26 ± 0.09 A

-7.69 ± 0.06A

PC1

75

25

-7.45 ± 0.13 B

-7.25 ± 0.02B

PC2

50

50

-7.17 ± 0.07 BC

-6.75 ± 0.03C

PC3

25

75

-7.11 ± 0.07 CD

-6.25 ± 0.12D

PC4

75

25

-7.23 ± 0.16 BC

-6.08 ± 0.06D

PC5

50

50

-7.11 ± 0.06 CD

-5.45 ± 0.03E

PC6

25

75

-6.88 ± 0.06 D

-5.15 ± 0.07F

4 months

4.10.2b Effect of ripening months of Cheddar cheese and levels of cheeses (Mozzarella and Cheddar) on the a* of Pizza cheese
before and after cooking
Months
Levels
Means
75-25
50-50
25-75
2
-7.45±0.13
-7.17±0.07
-7.11±0.07
-7.24±0.07A
Before cooking

After cooking

4
Means

-7.23±0.16

-7.11±0.06

-6.88±0.06

-7.34±0.10A

-7.14±0.04AB

-6.99±0.07B

2

-7.25±0.02

-6.75±0.03

-6.25±0.12

-6.75±0.15A

4

-6.08±0.06

-5.45±0.03

-5.15±0.07

-5.56±0.14B

-6.67±0.26A

-6.10±0.29B

-5.70±0.25C

Means

-7.07±0.07B

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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Table 4.10.3a Effect of Mozzarella and Cheddar cheese amalgamation on b* value of Pizza cheeses
Ripening months

2 months

4 months

Treatments

Mozzarella (%)

Cheddar (%)

Mean ± SE

Mean ± SE

Before cooking

After cooking

PC0

100

0

18.58 ± 0.29A

18.57 ± 0.28 A

PC1

75

25

18.30 ± 0.15A

18.33 ± 0.17A

PC2

50

50

18.62 ± 0.16A

18.65 ± 0.16A

PC3

25

75

18.53 ± 0.24A

18.55 ± 0.25A

PC4

75

25

18.68 ± 0.16A

18.70 ± 0.14A

PC5

50

50

18.79 ± 0.06A

18.79 ± 0.06A

PC6

25

75

18.51 ± 0.23A

18.52 ± 0.22A

4.10.3b Effect of ripening months of Cheddar cheese and levels of cheeses (Mozzarella and Cheddar) on the b* value of Pizza
cheese before and after cooking
Before cooking

After cooking

Months

Levels

Means

75-25

50-50

25-75

2

18.30±0.15

18.62±0.16

18.53±0.24

18.48±0.11A

4

18.68±0.16

18.79±0.16

18.51±0.23

18.66±0.09A

Means

18.49±0.13A

18.70±0.09A

18.52±0.15A

2

18.33±0.17

18.65±0.16

18.55±0.25

18.51±0.11A

4

18.70±0.14

18.79±0.06

18.52±0.22

18.67±0.09A

Means

18.51±0.13A

18.72±0.08A

18.54±0.15A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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4.11 Descriptive sensory analysis of Pizza cheese
Sensory quality has been recognized as crucial aspect for the sales and marketing of
cheeses. In fact, the dairy industry developed and used traditional tools for evaluating sensory
quality before the modern sensory analysis techniques were developed (Singh et al., 2003). The
most powerful sensory tool in cheese research is descriptive sensory analysis. In this technique, a
panel of 6 to 12 individuals is trained to identify and quantify sensory aspects of a food, which
may include appearance, aroma, flavor, texture or any single aspect (Meilgaard et al., 1999).
4.11.1. Flavor descriptors of Pizza cheeses
The compounds produced during breakdown of the major milk constituents; namely
lactose, citrate, milk lipids, and milk proteins are responsible for specific flavor of cheese (Singh
et al., 2003). It is obvious from the statistical analysis (Table 4.11.1a) that all the Pizza cheese
samples varied significantly (P<0.01) with respect to treatments for all flavor descriptive
(Cheddar, acidic, rancid, bitter) except salty. The pizza cheese samples vary significantly
(P<0.01) with respect to control cheese regarding all the flavor characteristics. It is obvious that
all flavor descriptive (except salty) varied significantly with respect of ripening month, method
of cooking and level of Cheddar and Mozzarella cheese. The interactive effect of method,
months and level was non-significant (P>0.05) for the sensory descriptors.
The mean score of all the flavor attributes are presented in Table 4.11.1b. The results
showed that the scores assigned to PC0 relatively lower than other cheese samples. Regarding the
cheddaring flavor the highest score were assigned to PC6 both to microwave (8.00) and baked in
commercial oven (8.57). The pizza cheese PC6 baked in microwave oven exhibited the highest
score (7.71) for acidic flavor followed by PC5-M (7.00), PC4-M (6.86), PC3-M (6.57) and PC6-C
(6.29). These results revealed that the cheese baked in microwave obtained the higher score than
conventional baked in conventional oven. The Mozzarella cheese PC6-M get the highest score
regarding the rancid attribute of flavor, however a non-significant difference was noticed among
PC6-C, PC5-C, PC5-M, PC3-C, PC3-M, PC2-M. Similar to the rancid descriptor, the highest score
of bitterness flavor were assigned to PC6-M followed by PC6-C. The difference between PC5-M
and PC5-C, PC4-M and PC4-C were non-significant regarding the rancid descriptor. The
difference among PC1-M, PC1-C and PC2-M, PC2-C was found non-significant.
Graphical representation of flavor atributes is presented in Figure 4.11.1. During storage
of cheddar cheese more flavoring compounds were produced with ripening.The Cheddar cheese
129

with 4 month ripened Cheddar showed more appealing flavors than the 2 months ripened
Cheddar cheese so acquired more score. As the level of Cheddar cheese is increased in different
combinations, the Pizza cheese atained more scores as compared to other samples which
contained less quantity of Cheddar cheese. During conventional baking, some flavoring
compounds were lost so microwave cooking atained more score as compared to conventional
baking.
It has been observed that amalgamation of Mozzarella and ripened Cheddar cheese was a
useful process to enhance the flavor characteristics of Pizza cheeses. It could be due to use of
ripened Cheddar cheese in which biochemical changes during ripening enhanced the flavor of
Pizza cheeses (Singh et al., 2003). Mozzarella cheese which is mostly being used as Pizza
topping has bland flavors characteristics due to lack of biochemical reactions that takes place
during ripening. The greater flavor in Pizza cheeses with greater level and more ripened Cheddar
cheese might be due to higher content of fat, protein, and also glycolysis, lipolysis and
proteolysis which impart a rich flavor to Pizza cheeses (Aston and Dulley, 1982). The lipolytic
and oxidative changes that occurred during ripening in Cheddar cheese also contribute specific
flavor and enhanced sensory acceptability of Pizza cheeses. Fox and olson (1995) studied that fat
is a principal component of cheese and the hydrolysis of triglycerides during ripening leads to
the production of free fatty acids, di- and mono glycerides and possibly glycerol. The free fatty
acids contribute flavor to cheese like acids from C4:0 and C12:0, have specific flavors (rancid,
sharp, goaty, soapy, and coconut-like). In Pizza cheeses, the proportion of hydrolytic products of
protein (peptides and amino acids) increased with level and age of Cheddar cheese might also be
responsible for the development of suitable cheese flavor. In fresh Mozzarella cheese the amount
of these compounds is very low therefore, has bland flavor attributes but in Pizza cheeses these
characteristics come from ripened Cheddar cheese (Singh et al., 2003). Furthermore, acidic
flavor also increased in Pizza cheeses with greater Cheddar levels and further increased in more
ripened Cheddar cheese blends because as the ripening increased biochemical changes like
proteolysis, lipolysis and conversion of residual lactose to lactate and citrate takes place.
Residual lactose is metabolized rapidly to lactate during the early stages of ripening. Lactate is
used in many reactions like oxidation and microbial metabolism that leads to the production of
acidity in cheese that resulted acidic flavor in Pizza cheeses (McSweeney, 2004; Ong et al.,
2007a).
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Table 4.11.1a Mean squares for the flavor descriptors of Pizza cheeses
Source of variation Degrees of
freedom

Mean squares
Cheddar Flavor

Acidic

Rancid

Bitter

13

12.9584**

9.4168**

3.1750**

7.9443**

0.7166 NS

C vs. others

1

32.3880**

55.7160**

26.5730**

51.4900**

7.8639**

M vs. C

1

5.7857**

0.2857 NS

13.4290**

0.0714 NS

0.0714 NS

Month

1

48.7620**

22.0119**

2.6783**

37.3333**

0.0476 NS

Method (M)

1

3.8570*

33.4405**

3.4405**

1.7143*

0.1905 NS

Level

2

31.1070**

5.1905**

3.8690**

5.5715**

0.2262 NS

Month x M

1

0.0480 NS

0.1071 NS

0.0119NS

0.0000 NS

0.0000 NS

Month x L

2

7.5835**

0.0476 NS

0.2500NS

0.3334 NS

0.1548 NS

MxL

2

0.0355 NS

0.1905 NS

0.0119NS

0.4286 NS

0.1548 NS

Month x M x L

2

0.0835 NS

0.0000 NS

0.0119NS

0.0000 NS

0.0357 NS

Error

84

0.7211

0.4524

0.2619

0.3333

0.4660

Total

97

Treatment

Salty

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.11.1b Effect of amalgamation, levels of cheeses, ripening months of Cheddar cheese and cooking methods on the flavor
descriptors of Pizza cheeses
Ripening

Treatments Mozzarella

months

2 Months

4 Months

(%)

Cheddar
(%)

Mean ± SE
Cheddar Flavor

Acidic

Rancid

Bitter

Salty

PC0_M

100

0

3.57±0.37g

4.00±0.22h

2.00±0.22ef

1.43±0.20f

2.71±0.29c

PC0_C

100

0

4.86±0.34def

3.71±0.18h

1.71±0.18f

1.29±0.18f

2.86±0.34bc

PC1_M

75

25

4.14±0.26fg

5.71±0.18def

2.71±0.29cd

2.57±0.20e

3.43±0.20abc

PC1_C

75

25

4.71±0.29ef

4.43±0.30gh

2.57±0.30de

2.43±0.30e

3.57±0.20ab

PC2_M

50

50

5.14±0.26de

6.00±0.31cde

3.43±0.20ab

2.71±0.18e

3.43±0.20abc

PC2_C

50

50

5.43±0.30cde

5.00±0.22fg

3.29±0.29abc

2.57±0.20e

3.71±0.18a

PC3_M

25

75

5.43±0.37cde

6.57±0.20bc

3.57±0.20ab

3.43±0.20cd

3.71±0.18a

PC3_C

25

75

5.71±0.29bcd

5.29±0.29ef

3.43±0.20ab

2.86±0.26de

3.57±0.20ab

PC4_M

75

25

5.00±0.44def

6.86±0.26b

3.29±0.18abc

3.71±0.18c

3.43±0.20abc

PC4_C

75

25

5.43±0.37cde

5.43±0.30ef

3.14±0.14bcd

3.57±0.20c

3.57±0.20ab

PC5_M

50

50

6.14±0.26bc

7.00±0.31ab

3.57±0.20ab

4.00±0.22bc

3.71±0.29a

PC5_C

50

50

6.57±0.30b

5.86±0.26cde

3.57±0.20ab

3.86±0.26bc

3.86±0.26a

PC6_M

25

75

8.00±0.31a

7.71±0.29a

3.86±0.14a

5.00±0.22a

3.57±0.37ab

PC6_C

25

75

8.57±0.30a

6.29±0.18bcd

3.71±0.29ab

4.43±0.20ab

3.57±0.37ab

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
M= Microwave cooking,

C= Conventional Oven cooking,
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The flavor characteristics “Cheddary” “acidic” “bitter” and “rancid” of Pizza cheeses
were sharper in microwave cooked Pizza as compared to conventional. It might be due to smooth
heating on the upper surface of Pizza within short processing time while in conventional cooking
long processing time lost product flavor during processing (Hegenbert, 1992).
4.11.2. Texture descriptors of Pizza cheeses
Cheese sensory texture is the sensations practiced during masticating. These sensations
explain the role of mechanical properties in texture determinations. On the other hand, in
addition to force and deformation that occurs in mastication process, chewing of cheese with
tongue and mixing with saliva also takes place. This process gives unique sensory texture
perceptions that are not currently measured by instrumentation (Foegeding and Drake, 2007).
The mean squares for the scores assigned to various texture descriptors of Pizza cheeses are
given in Table 4.11.2a. Cheeses (Mozzarella and Cheddar) amalgamation significantly (p<0.01)
influenced all the texture attributes (Stringiness, Stretchability, Firmness and Tooth pull) of Pizza
cheeses. Ripening months of Cheddar cheese and levels of cheeses also considerably influenced
(p<0.01) all texture characteristics of Pizza cheese, while cooking methods did not affect
significantly (P>0.05) the “tooth pull” and “stringiness” of Pizza cheeses. The interaction effect
such as Cheddar cheese × cooking methods, ripening months × levels of Cheddar cheeses,
cooking methods × levels of cheeses and ripening months of Cheddar cheese × cooking methods
× levels of cheeses did not affect significantly (P>0.05) the “Stringiness”, “Firmness”, “Tooth
pull” but stretchability was effected (P<0.05) by the interaction of ripening months × levels of
cheeses.
The mean scores values regarding various descriptors for texture of Pizza cheeses are
presented in Table 4.11.2b. The results demonstrated that amalgamation of Mozzarella and
Cheddar cheese considerably changed the texture descriptors of Pizza cheeses. The lowest
stringiness scores were awarded to PC0 (control) in which 100% Mozzarella cheese was used as
control while highest mean value of scores were given to PC6 which has 25% Mozzarella cheese
and 75% four months ripened Cheddar cheese. The difference between PC3-C, PC4-C and PC5-C
was found to be non-significant regarding the stringiness of cheese. For all other textural
attributes i.e. “stretchability”, “Firmness”, “Tooth pull”, highest scores were awarded to control
with 100% Mozzarella cheese, on the other hand, lowest scores values were observed in PC6.
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Figure 4.11.1 Effect of ripening months, cheeses levels and cooking methods on Pooled score of different Flavor descriptors
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The level of cheeses also influenced the texture characteristics of Pizza cheeses. The
mean scores for stringiness indicated that Pizza cheeses with higher (75%) level of Mozzarella
cheese had less stringiness scores, while Pizza cheeses with higher level of Cheddar cheese
(75%) attained highest scores for stringiness. The mean score values for “stretchability”,
“Firmness” and “Tooth pull” decreases by increasing the level of Cheddar cheese. The highest
scores were attained by Pizza cheeses with 25% level of Cheddar cheeses while lowest scores
were given to Pizza cheeses that possessed 75% level of Cheddar cheese. Ripening months of
Cheddar cheese considerably affected all the texture parameters of Pizza cheeses. The mean
score values revealed that Pizza cheeses with two months ripened Cheddar cheese werein lower
average scores for stringiness while Pizza cheeses with four months ripened Cheddar cheese
exhibited higher mean score of stringiness. The mean score values for “stretchability”
“Firmness” and “Tooth pull” were higher in Pizza cheeses with two months ripened Cheddar
cheese as compared to Pizza cheeses with four months ripened Cheddar cheese. The texture
characteristics were considerably influenced by the cooking methods of Pizza. The average
scores of Pizza cheeses for Tooth pull and stretchability were attained by using microwave oven
and were higher than conventional oven. The sensory scores of Pizza cheeses for Firmness and
Stringiness were lower in microwave cooking as compare to Pizza cheese cooked by using
conventional oven. Regarding the firmness of cheese, non-significant difference was observed
between different groups such as PC0-M and PC1-C, PC2-C and PC4-C, PC5-M, PC5-C, PC6-M
and PC6-C.
Graphical representation of the textural atribute of Pizza cheese manufactured by
combination of Mozzarella and Cheddar cheese was presentated in Figure 4.11.2. Ripening
months, level of cheeses amalgmation and cooking methods showed differences in hedonic
response to texture of Pizza cheese. Pooled values for textural descriptors showed that more
score was assigned to 2 months ripened Cheddar cheese than 4 month ripened when used in
different combinations for Pizza cheese. As far as the level of cheeses (Mozzarella and Cheddar)
are concerned, the scores were gradually reduced as the level of Mozzarella cheese was
decreased from 75% to 25% in Pizza cheeses because Pizza cheese atributes were mostly based
on Mozzarella cheese. Panelist liking for the microwave cooking method was more than the
conventional baking.
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The amalgamation of cheeses improved string formation; it might be due to better
emulsification of fat in amalgamated Pizza cheeses that evenly surrounds protein network and
form channels during heating of cheese. These channels allowed the formation of protein fibers
and separate them which gave the Pizza cheeses better stringiness characteristics. While, in case
of Mozzarella cheese during heating because of more protein interactions and less fat
emulsification, fusion of protein strands between each other took place that led to reduced
formation of stringiness (Mulvaney et al., 1997). Stretchability, firmness and tooth pull also
changes with amalgamation of cheeses which could be due to difference of make procedure and
level of intact casein of both cheeses (Guinee et al., 2000c). The reduction in (Stretchability,
firmness, and tooth pull of all Pizza cheeses with ripening months and increasing level of
Cheddar cheese might be associated with reduction of intact casein (Guinee et al., 2000c), high
degree of casein hydration and low Ca content (Lawrence et al., 1984). These conditions reduced
cross-linkages and casein intermolecular associations of network therefore; the texture attributes
decreased with increasing level and age of Cheddar cheese (Upreti and Metzger, 2006). The
increase in stretching and decrease in firmness, tooth pull, springiness, cohesiveness and
chewiness with microwave cooking mights be associated with the steam that was produced
during microwaving. This steam produce driving pressure that leads to expansion and softness of
cheese matrix (Arimi et al., 2008). Although, the texture characteristics of Pizza cheeses were
improved by microwave heating but other quality defects arises due to this method like soggy
texture of Pizza dough due to short processing time (Ozkoc et al., 2014) because microwave has
less penetration power thereby the dough remained soggy due to less heat transfer to the lower
side of the Pizza. This problem could be solved by using oven that has both microwave and oven
heating system.
4.11.3 Appearance descriptors of Pizza cheeses
Cheese appearance referring to visual assessments of cheese, provides an instant
impression to judge the quality of cheese. Appearance characteristics are the most commonly
measured characteristics of Pizza cheeses that include a wide acceptability range. These
characteristics include color, surface consistency and shape of cheese shreds after cooking (Clark
et al., 2009).
The statistical results regarding scores assigned to appearance descriptors of Pizza
cheeses were presented in Table 4.11.3a The results indicated the significant effect (P<0.01) of
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amalgamation, levels of cheeses (Mozzarella and Cheddar), ripening months of Cheddar cheese
and cooking methods (microwave and conventional oven) on the appearance descriptors
(meltability, oiliness, edge browning and surface rapture) of Pizza cheeses. However, all the
interactive effect of these variables were found to be non‐significant (P>0.05). It was also
obvious from statistical analysis that all the amalgamated treatments significantly (P<0.01) differ
from the control. Regarding the method of cooking verses control, a significant (P<0.01) impact
was noticed for all appearance attributes except edge browning.
The mean score awarded to various attributes of appearance are given in Table 4.11.3b.
The results illustrated that amalgamation of Mozzarella and Cheddar cheeses considerably
changed the appearance of resultant Pizza cheeses. The meltability, oiliness and edge browning
scores acquired by control Pizza cheeses (PC0) with 100% Mozzarella cheese were lower while
these characteristics improved with amalgamation of Cheddar cheese in Mozzarella cheese and
the highest score values were awarded to Pizza cheeses (PC6) prepared with 25% Mozzarella and
75% level of four months ripened Cheddar cheese. However, the “surface rupture” trait
decreased with the amalgamation of cheeses, with lowest and highest means scores were
awarded to PC6 and PC0 respectively.
When the individual Pizza cheese samples were compared regarding the appearance
sensory the mean score values for all attributes except “surface rupture” of all Pizza cheeses
obtained by the combination of higher level (75%) and four months ripened Cheddar cheese
were higher than the Pizza cheeses prepared with 25% level and two months ripened Cheddar
cheeses. The change in appearance attributes of Pizza cheeses during heating were considerably
influenced by cooking methods, as the average scores for “meltability” and “oiliness” attained by
cooking Pizza cheeses in microwave oven were higher than the conventional oven. The mean
score values for “edge browning” and “surface rupture” of microwave cooked Pizza cheese were
comparatively less than conventional oven cooked Pizza cheese.
Panalists prefereces (scores) against the difference in appearance parameters are pooled
in graphical representation (Figure 4.11.3). Ripening of Cheddar cheese has great influence on
the appearance of Pizza cheese. Panalists liked the Pizza cheeses which are manufactured by
addition of four month ripened Cheddar cheese as compare to two month. As far as the levels of
cheeses are concerned , the Pizza cheese made by 50:50% combination (Mozzarella & Cheddar)
atained less score as compared to other treatments made by different combinations.
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Table 4.11.2a Mean squares for the texture descriptors of Pizza cheeses
Sources of variation

Degree
freedom

of

Mean ±SE
Stringiness

Stretchability

Firmness

Tooth pull

Treatment

13

6.971**

6.207**

12.936**

10.324**

Control vs. Others

1

42.456**

41.920**

73.578**

85.333**

Method vs. Control

1

0.071 NS

0.643 NS

0.643 NS

42.988**

Months

1

25.191**

14.583**

25.191**

2.333*

Methods(M)

1

0.429 NS

3.441*

4.762**

0.429NS

Levels

2

8.941**

7.583**

30.583**

20.583**

Months x M

1

0.000 NS

0.107 NS

0.762 NS

0.048 NS

Months x L

2

0.869 NS

2.012*

0.083 NS

1.798 NS

MxL

2

0.679 NS

0.155 NS

0.512 NS

0.250 NS

Months x M x L

2

0.750 NS

0.250 NS

0.441 NS

0.083 NS

Error

84

0.704

0.626

0.667

0.384

Total

97

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01).
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Table 4.11.2b Effect of amalgamation, levels of cheeses, ripening months of Cheddar cheese and cooking methods on the
texture descriptors of Pizza cheeses
Ripening

Treatments

months

2 Months

4 Months

Mozzarella

Cheddar

Mean ± SE

(%)

(%)

Stringiness

Stretchability Firmness

Tooth pull

5.57±0.20gh

8.43±0.20a

8.00±0.31ab

8.00±0.31a

0

5.43±0.43h

8.00±0.31ab

8.43±0.20a

7.57±0.20a

25

5.86±0.34fgh

7.43±0.37bc

7.29±0.29bc

6.57±0.20b

PC0_M

100

PC0_C

100

PC1_M

75

0

PC1_C

75

25

6.43±0.20efg

6.86±0.26cde 7.57±0.20ab

6.14±0.14bc

PC2_M

50

50

7.00±0.22cde

7.00±0.31cd

5.57±0.20ef

5.43±0.20de

PC2_C

50

50

6.57±0.30def

6.43±0.20de

6.57±0.37cd

5.29±0.29de

PC3_M

25

75

7.43±0.20bcd

6.57±0.30de

5.00±0.31fg

4.14±0.14h

PC3_C

25

75

7.71±0.18abc

6.29±0.36de

5.71±0.18def

4.14±0.26h

7.43±0.30bcd

6.29±0.36de

6.14±0.34de

5.71±0.18cd

6.57±0.37cd

5.43±0.20de

75

PC4_M

25

PC4_C

75

25

7.86±0.40abc

6.29±0.29de

PC5_M

50

50

7.57±0.57bc

6.71±0.29cde 4.57±0.37g

4.86±0.14efg

PC5_C

50

50

7.86±0.40abc

6.14±0.26e

5.14±0.40fg

5.00±0.44ef

PC6_M

25

75

8.57±0.20a

5.29±0.29f

4.43±0.30g

4.43±0.20fgh

PC6_C

25

75

8.29±0.18ab

4.86±0.34f

4.29±0.36g

4.29±0.18gh

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
M= Microwave cooking

C= Conventional Oven cooking
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4.11.2 Effect of ripening months, cheeses levels and cooking methods on Pooled score of different Texture descriptors.
Different letters (A, B, C) indicate treatments are different from each other.
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In the appearance perspectives, judges like more the conventional baking than the
microwave heating. The appreciably higher scores for meltability and oiliness of amalgamated
Pizza cheeses than control cheese was perhaps due to the result of substantial difference of fat
content of Mozzarella and Cheddar cheeses as indicate from the Table 4.2. The fat content was
slightly higher in Cheddar cheese therefore; the inclusion of Cheddar cheese in Mozzarella
cheese might increase the meltability and oiliness of Pizza cheeses (Kindsted, 1993). It might be
due to difference of level of protein hydration in both cheeses, as the control Pizza cheese
contained less level of protein hydration while in amalgamated Pizza cheeses hydration level
increased due to Cheddar cheese (Guinee et al., 2000). The score for browning increases due to
amalgamation that might be due to difference of hydrolyzed sugars in cheeses, as the Cheddar
cheese had more monosaccharides level due to breakdown of residual lactose (Lee et al., 2014).
Surface rupture was more in control sample that could be due to heterogeneous structure of
Mozzarella cheese while in amalgamated Pizza cheeses homogenous structure and emulsification
of fat reduced the surface rupture (Kiely et al., 1992).
The increased in scores for meltability and oiliness of Pizza cheeses with the succession
of level and age of Cheddar cheese is because of ripening of Cheddar cheese that undergoes
several microbiological, biochemical and metabolic changes (McSweeney and Sousa, 2000;
Farkye, 2004) most importantly, proteolysis (Fox et al., 1993). This reduces protein-protein
interactions and fat globules get coalesce, which are primarily present in dispersed form in the
protein matrix therefore, the meltability and oiliness increases after heating of Pizza cheeses
(Kiely et al., 1992; Tunick et al. 1997). The increase in meltability and oiliness with increasing
level and age of Cheddar cheese could also be a consequence of casein hydration which changed
the state of water and protein within the cheese matrix. As the protein becomes hydrated, it flows
better consequently, increasing melting and oiliness of Pizza cheeses (Joshi et al., 2004). The
increase in browning, due to increasing level and age of Cheddar cheese, might be due to
lipolysis and proteolysis that increased the reaction substrates and hydrolysis of lactose that
resulted in an increased concentration of galactose which caused browning due to its higher
molar concentration and reactivity (Dattatreya et al., 2010). Lee et al. (2014) suggested similar
results from their outcome that Cheddar cheese is more susceptible to browning due to higher
concentrations of reaction substrates produced during ripening. The reduced surface rupture with
successive level and age of Cheddar cheese might be associated with increased emulsification of
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fat and homogeneous structure of Pizza cheeses (Kiely et al., 1992). In microwave cooked Pizza
cheeses, “meltability’’ and “oiliness” increased while “surface rupture” decreased. It might be
due to faster transferring of moisture in a short duration of time that allowed rapid flow and
oiliness of Pizza cheeses and reduced surface rupture (Lee et al., 2014). Unlike
conventional oven cooked Pizza cheeses, microwave ovens cooked showed less edge browning
that could be due to the reason that microwave did not attain desired temperature that causes
browning or caramelization (Chaffee and Joseph, 1939).
4.11.4 Multivariate statistical analysis of sensory scores
Principal Component Analysis (PCA) showing the first two Principal Components (PCs)
of descriptive sensory analysis of Pizza cheeses are given in Table (4.11.4a). PC 1 and PC2
significantly (P<0.05) discriminated between the cheeses and accounted for variation of 78.8%
and 10.9% respectively. Figure 4.11.4a shows a bi-plot of the scores of the Pizza cheeses and
loadings of the attributes. Heirarchical cluster analysis (HCA) on the raw data, was used to
cluster closely related Pizza cheeses in terms of sensory characters and generated 4 main
clusters. (Figure. 4.11.4b)
PC1 explains most of the variation (78.8%) between the sensory characters of the Pizza
cheeses separated on the basis of amalgamation of cheeses (Mozzarella and Cheddar) at different
levels and ripening months of Cheddar cheese. Regarding the sensory scores, control sample in
which 100% Mozzarella cheese was used as Pizza cheese located separately on bi-plot.
Similarly, Pizza cheeses made with the amalgamation of 75% Mozzarella cheese and two months
ripened Cheddar were grouped on one side while Pizza cheeses manufacture with the addition of
75% and 50% Mozzarella cheese with 25% and 50% of 4 months ripened Cheddar and 25%
Mozzarella cheese and 75% of 2 months ripened cheese fell on other side of the plot. It showed
that amalgamation of cheeses at various levels influenced the sensory perception of Pizza cheese
regardless of ripening months of Cheddar cheese. PC2 which accounted 10.9% variation between
the Pizza cheeses distinguished the samples on the basis of cooking methods used. The Pizza
cheeses cooked by microwave and conventional oven were located separately on bi-plot. The
relative positions of Pizza cheeses on the bi-plot was a useful index of the impact of
amalgamation of cheeses (Mozzarella and Cheddar), their levels and ripening months of Cheddar
cheese on the sensory profile of Pizza cheeses.
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Table 4.11.3a Mean squares for the appearance descriptors of Pizza cheeses
Source of variation

Degrees
freedom

of

Mean squares
Meltability

Oiliness

Edge browning

Surface rupture

Treatment

13

3.5047**

5.3564**

11.5958**

28.0542**

C vs. others

1

16.0020**

21.7160**

71.4710**

132.3800**

M vs. C

1

8.1437**

10.8940**

0.2857 NS

14.0000**

Month

1

4.2976**

28.5833**

47.2500**

20.0120**

Method (M)

1

4.2976**

4.2976**

5.2500**

26.2980**

Level

2

9.8690**

6.0833**

12.1548**

85.1070**

Month x M

1

0.0119 NS

0.0119 NS

0.0119 NS

0.0120 NS

Month x L

2

0.2262 NS

1.0833 NS

0.4643 NS

0.1550 NS

MxL

2

0.1548 NS

0.1548 NS

0.2500 NS

0.2260 NS

Month x M x L

2

0.0833 NS

0.1548NS

0.3691 NS

0.5120 NS

Error

84

0.3878

0.4116

0.5238

0.3333

Total

97

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
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Table 4.11.3b Effect of amalgamation, levels of cheeses, ripening months of Cheddar cheese and cooking methods on the
appearance descriptors of Pizza cheeses
Ripening

Treatments

months

2 Months

4 Months

Mozzarella

Cheddar

Mean ± SE

(%)

(%)

Meltability

Oiliness

Edge browning

Surface rupture

PC0_M

100

0

6.71±0.18efg

6.57±0.30f

4.71±0.29g

6.00±0.22bc

PC0_C

100

0

6.43±0.20g

6.43±0.30f

5.00±0.31g

8.00±0.22a

PC1_M

75

25

7.14±0.14def

6.86±0.26ef

5.43±0.30fg

5.71±0.29c

PC1_C

75

25

6.57±0.20fg

6.43±0.20f

6.00±0.22ef

6.43±0.20b

PC2_M

50

50

7.71±0.29bcd

7.43±0.20de

6.71±0.29de

3.29±0.18e

PC2_C

50

50

7.14±0.26def

7.00±0.31ef

7.00±0.31d

4.29±0.18d

PC3_M

25

75

8.29±0.18ab

8.14±0.26bc

6.71±0.36de

1.86±0.26fg

PC3_C

25

75

8.14±0.14abc

7.71±0.29cd

7.43±0.30cd

3.43±0.20e

PC4_M

75

25

7.71±0.29bcd

8.43±0.20ab

7.00±0.31d

4.57±0.20d

PC4_C

75

25

7.29±0.36de

7.71±0.18cd

7.86±0.26bc

5.71±0.29c

PC5_M

50

50

8.14±0.26abc

8.86±0.14a

7.86±0.14bc

2.00±0.22f

PC5_C

50

50

7.57±0.30cd

8.29±0.29abc

8.29±0.29ab

3.29±0.18e

PC6_M

25

75

8.71±0.18a

8.71±0.18ab

8.57±0.20ab

1.29±0.18g

PC6_C

25

75

8.29±0.18ab

8.57±0.20ab

8.71±0.18a

2.29±0.18f

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
M= Microwave cooking

C= Conventional Oven cooking
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Figure 4.11.3 Effect of ripening months, cheeses levels and cooking methods on Pooled score of different Appearance
descriptors.

Different

letters

(A,

B,

C)

indicate

treatments

are

different

from

each

other.
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HCA offers a basis for interpretation of the bi-plot and the identification of clusters of
closely related samples. One cluster grouped the Pizza cheeses prepared from 100% Mozzarella
cheese and 75% Mozzarella cheese and 25% 2 months ripened Cheddar cheese. It had sub
groups differentiated by cooking methods. The other cluster contained Pizza cheeses of
microwave cooking and also had sub-groupings. The one sub-group was based 50% 2 months
and 25% four months ripened Cheddar cheese and second on 75% 2 months and 50% 4 months
ripened Cheddar cheese indicating the considerable effect of levels of cheeses and ripening
months of Cheddar cheese on development of sensory characteristics. Another cluster grouped
the Pizza cheeses cooked by conventional oven and was subdivided into 2, 2 sub-groups based
on the levels of cheeses and ripening months of Cheddar cheese. One cluster had the Pizza
cheeses manufactured from 25% Mozzarella and 75% 4 months ripened Cheddar cheese and was
subdivided in the same manner as the other three. The clusters were grouped in two main clusters
based on cooking methods and amalgamations levels respectively.
Grouping and sub-grouping on the dendrogram (Figure 4.11.4b) indicated that
amalgamation of cheeses, their levels and ripening months of Cheddar cheese significantly
influenced the sensory characteristics and all took part in laying the foundations of clusters.
Similarly, the positions of Pizza cheeses on PCA plot also showed the significant effect of these
parameters on sensory perception of Pizza cheeses.
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Table 4.11.4a Result of Principal Component Analysis (PCA) on the descriptive sensory
data of Pizza cheeses showing the loadings of each variable on the first two Principal
Components (PCs)

Sensory descriptors

PC1

PC2

Cheddar flavour

-0.240

-0.169

Acidic

-0.244

0.314

Rancid

-0.265

0.166

Bitter

-0.267

0.029

Salty

-0.219

-0.218

Stringiness

-0.268

-0.079

Stretchability

0.256

0.226

Firmness

0.273

-0.103

Tooth pull

0.263

0.097

Meltability

-0.260

0.222

Oiliness

-0.258

0.144

Edge browning

-0.265

-0.189

Surface rupture

0.255

-0.222

78.8%

10.9%

Variance
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Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0.00
2.0
100-0.M

1.5

4month.25-75.M
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Factor 2: 10.93%
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Figure 4.11.4a: PCA showing the first two PCs of descriptive sensory analysis of Pizza
cheese
The identification of Pizza cheeses
M = Microwave cooking
C = Conventional oven cooking
2 and 4 month = 2 and 4 months ripened Cheddar cheese
75:25, 50:50, 25:75 = First part represent Mozzarella and second part represent Cheddar cheese
proportion in Pizza cheeses
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Figure 4.11.4b: Dendrogram obtained from Heirarchical Cluster Analysis (HCA) of
sensory data of Pizza cheeses
The identification of Pizza cheeses
M = Microwave cooking
C = Conventional oven cooking
2 and 4 month = 2 and 4 months ripened Cheddar cheese
75:25, 50:50, 25:75 = First part represent Mozzarella and second part represent Cheddar cheese
proportion in Pizza cheeses
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4.12 Microstructure of Pizza cheeses
Spatial arrangement and interaction of food elements is called the microstructure of
cheese. Many desirable properties (texture) of cheese are dictates from the microstructure (Imm
et al., 2003). The microstructure of Pizza cheeses (PC0-PC6) examined by scanning electron
microscopy are given in Figure 4.12.
Micrographs of Pizza cheeses indicated that large serum cavities and open structure
protein network was present in PC0 as compare to amalgamated Pizza cheeses. The difference
arised in microstructure was might be due to variation of Mozzarella and Cheddar cheese
processing conditions. In Mozzarella cheese, gelation was carried out at 37°C which might result
in open structure, in control as compared to other samples in which Cheddar cheese was also
used in combination. Hussain et al. (2012) studied microscopy of Mozzarella curd by confocal
laser scanning electron microscope at 28, 34 and 39°C gelation temperature. They observed
similar results that pore size at 39°C gelation temperature was comparatively greater as
compared to 34 and 28°C due to maximum entrapment of fat globules in serum phase and
thicker protein strand that resulted in maximum curd strength.
Protein matrix becomes more hydrated and expanded with increased level of ripened
Cheddar cheese. In case of Mozzarella cheese protein-protein interactions were stronger and less
whey remained inside the protein network perhaps due to more insoluble calcium that remained
attached with protein network. In other samples (PC1-PC6), increased Cheddar cheese decreased
the level of insoluble calcium which led to more hydrated and expanded protein network due to
entrapment of serum into cheese matrix. McMahon et al. (2005) also showed that increasing the
Ca concentration in cheese induced stronger protein–protein interactions, and less whey
remained entrapped within the protein matrix.
The microstructure of protein matrix and cavities were changed with ripening months of
Cheddar cheese. Pizza cheeses with two months aged Cheddar cheese, thin strands of protein
matrix encroached from all sides, linked the cavity walls. After four months of Cheddar cheese
aging, the cavities usually created in younger cheese samples were not present. In its place, those
cavities had a reticular appearance. There was an apparent increase in porosity of the protein
matrix in Pizza cheeses with four months ripened Cheddar cheese with respect to Pizza cheeses
with two months aged Cheddar cheese (Sheehan et al., 2004). Kiely et al. (1993) also reported an
increase in the porosity of the Mozzarella cheese protein matrix during 50 days of aging.
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Hydration of protein increased in Pizza cheeses with increasing level and age of Cheddar
cheese. Hydration of protein leads to more homogeneous structure of Pizza cheese. The structure
of PC4-PC6 was more homogeneous as compare to PC1- PC3. In the former samples, four months
ripened cheese was used with more proteolysis as compared to later samples with two months
ripened cheese. It might be due to more hydration of protein. Proteolysis causes displacement of
water from serum channels to matrix and it becomes hydrated (Zisu and shah 2005). Imm et al.
(2003) also showed similar results that during storage, structural changes cause rearrangements
of protein matrix that results movement of water inside protein matrix. Auty et al. (2001)
reported the hydration theory supported with the disappearance of whey and expressible serum
during storage of cheese.
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Figure 4.12 Change in microstructure of Pizza cheeses with different levels of cheeses (Mozzarella and
Cheddar) and ripening months of Cheddar cheese. PC0 (Pizza cheese with 100% Mozzarella cheese), PC1
(Pizza cheese with 75% Mozzarella cheese and 25% two months ripened Cheddar cheese), PC 2 (Pizza cheese
with 50% Mozzarella cheese and 50% two months ripened Cheddar cheese, PC 3 (Pizza cheese with 25%
Mozzarella cheese and 75% two months ripened Cheddar cheese), PC 4 (Pizza cheese with 75% Mozzarella
cheese and 25% four months ripened Cheddar cheese), PC 5 (Pizza cheese with 50% Mozzarella cheese and
50% four months ripened Cheddar cheese, PC6 (Pizza cheese with 25% Mozzarella cheese and 75% four
months ripened Cheddar cheese).
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4.13 Correlation analysis
I.

Correlation between physicochemical composition and texture profile analysis of
Pizza cheeses
The matrix of correlation between physicochemical composition and texture profile

analysis of Pizza cheeses is expressed in Table 4.13a. It was evident from the results that
moisture had positive significant correlation with hardness, cohesiveness, springiness,
gumminess and chewiness. The correlation between acidity and TPA parameters was also
positively significant while pH had negative but significant correlation with hardness,
springiness, gumminess and chewiness and negative but non-significant correlation with
cohesiveness. Protein, fat, total calcium and water soluble calcium had negative but significant
correlation to all texture parameters (hardness, cohesiveness, springiness, gumminess and
chewiness).
II.

Correlation between physicochemical composition and descriptive sensory analysis
of Pizza cheeses
The matrix of correlation among physico‐chemical characteristics and descriptive sensory

attributes of Pizza cheeses is presented in Table 4.14b. The results demonstrated that moisture
and acidity had negative but significant while protein and water soluble calcium had positive
significant correlation with all flavor descriptors of Pizza cheeses. pH had non-significant
correlation with all flavor descriptors of Pizza cheeses. The correlation of fat and total calcium
with Cheddar and rancid flavor was found to be positive significant while for other descriptor it
was non-significant. The results regarding texture descriptors illustrated that moisture and acidity
had negative significant correlation with that of stringiness while positive significant correlation
for stretchability, firmness and tooth pull. pH had non-significant correlation with all texture
descriptors except tooth pull that have negative significant correlation with pH of Pizza cheeses.
Correspondingly, the correlation among protein, fat, total calcium and water soluble calcium was
of negative significance for all texture descriptors except stringiness that had positive significant
correlation. The correlation among appearance descriptors and physicochemical composition
demonstrated that moisture and acidity had negative significant correlation for meltability,
oiliness and edge browning except surface rupture that had positive significant correlation. pH
had non-significant correlation for meltability, oiliness and edge browning while negative
significant correlation for surface rupture. Protein had positive significant correlation with
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meltability, oiliness and edge browning while negative significant correlation for surface rupture.
Likewise, fat content of Pizza cheeses had positive significant correlation for meltability while
negative significant correlation was existed for surface rupture. Total calcium and water soluble
calcium had positive significant correlation with meltability and edge browning whereas had
negative significant correlation for surface rupture.

Table 4.13 a Matrix of correlation between physicochemical composition and texture
profile analysis of Pizza cheeses
Hardness (g)

Cohesiveness Springiness

Gumminess

Chewiness

.9731*

.9434*

.9513*

.9741*

.9688*

-.6203*

-.3941NS

-.5426*

-.5746*

-.5734*

Acidity

.9367*

.9827*

.9197*

.9567*

.9482*

Protein

-.9455*

-.8133*

-.8641*

-.9225*

-.9089

Fat

-.7901*

-.7531*

-.8172*

-.7794*

-.7815*

Total
Calcium

-.8682*

-.7173*

-.8133*

-.8392*

-.8350*

Calcium (WS)

-.9785*

-.9590*

-.9387*

-.9860*

-.9801*

Moisture
pH

* = Significant (P<0.05); ** = Highly significant (P<0.01)
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4.13a Graphical representation of correlation (positive) between moisture and hardness of
Pizza cheese.

4.13b Graphical representation of correlation (positive) between moisture and cohesiveness
of Pizza cheeses.
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4.13c Graphical representation of correlation (positive) between moisture and chewiness of
Pizza cheeses

4.13d Graphical representation of correlation (positive) between fat and cheddary flavor of
Pizza cheeses
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Table 4.13b Correlation between physicochemical composition and descriptive sensory
analysis of Pizza cheeses
Sensory
descriptors

Moisture pH

Acidity

Protein

Fat

Total
Calcium
Calcium (WS)

Cheddar
Flavour

-.8010*

.2196NS

-.9125*

.7259*

.6700*

.6046*

.8690*

Acidic

-.6833

.2157NS

-.8085*

.6280*

.3921NS

.4855NS

.8111*

Rancid

-.8070*

.4491NS

-.8568*

.7932*

.5377*

.6858*

.9103*

Bitter

-.7590*

.1345NS

-.9444*

.6678*

.4221NS 0.4845 NS 0.9160**

Salty

-.6526*

.3910NS

-.6868*

.6313*

.2745

.5190NS

.7785*

Stringiness

-.8230*

.2946NS

-.9449*

.7467*

.5356*

.6021*

.9314*

Stretchability

.7769*

-.2967NS

.9004*

-.7796*

-.5133NS

-.6200*

-.9143*

Firmness

.9006*

-.4253NS

.9471*

-.8163*

-.6825*

-.7195*

-.9558*

Tooth pull

.9164*

-.6451*

.8727*

-.9087*

-.6723*

-.8312*

-.9467*

Meltability

-.9084*

.5304NS

-.8986*

.8602*

.7375*

.7818*

.9161*

Oiliness

-.7713*

.1680NS

-.9189*

.6154*

.4936NS

.4821NS

.8643*

Edge browning

-.7804*

.2067NS

-.9392*

.6934*

.4938NS

.5441*

.9202*

.8983*

-.5406*

.8724*

-.8428*

-.7505*

-.7867*

-.9039*

Surface
rupture

* = Significant (P<0.05); ** = Highly significant (P<0.01)
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CONCLUSION
Consumer’s awareness about cheeses is increasing day by day and they are demanding
for good quality pizza cheese as fresh Mozzarella is not fulfilling the consumer needs as pizza
topping. In order to meet the requirements pizza restaurants prefer to use blend of young and
aged cheeses to get desired quality characteristics. Therefore, it is a great challenge for cheese
manufacturers to produce pizza cheese by blending appropriate proportion of natural cheeses of
different ages to get well suited cheese for pizza topping. The research can be helpful for cheese
producers to select cheeses with their appropriate proportions and ages to produce pizza cheese.
Overall descriptive sensory evaluation of Pizza cheese showed that the pizza cheeses which
contain 75% mozzarella and 25% 2 months ripened Cheddar cheese were preferred by the panel
of judges. Cheese manufacturer can use these combinations in order to improve the quality of
Pizza cheese.
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CHAPTER 5

SUMMARY
The demand of Pizza cheese is growing in the world as well as in Pakistan due to its
specific behavior on pizza toping. Various types of cheeses are included in the Pizza cheese but
the share of Mozzarella cheese is larger than other cheeses. The application of fresh Mozzarella
is undesirable on Pizza topping because of its low melting, high browning, elastic and granular
consistency with less water holding capacity. There is demand from Pizza restaurants to get a
proper amalgamation of cheeses with desired characteristics and longer shelf life for pizza in
Pakistan. Therefore, the present research work was planned to blend the fresh buffalo Mozzarella
and ripened buffalo milk Cheddar cheese at various levels in processed Pizza cheeses.
The total seven processed Pizza cheeses were manufactured and designated as PC0 (100%
Mozzarella), PC1 (75:25), PC2 (50:50), PC3 (25:75), PC4 (75:25), PC5 (50:50) and PC6 (25:75)
containing Mozzarella:Cheddar cheese. The Pizza cheeses from PC1 to PC3 contained the 2
months and from PC4 to PC6 contained 4 months old cheddar cheeses that were used with
Mozzarella. The values reported in the results are the mean values of three replicates from three
batches.
The physicochemical analysis of fresh Mozzarella and Cheddar (2 and 4 months old)
cheeses indicated that moisture content of Mozzarella (46.50-46.95%) was higher than Cheddar
(35.36% and 35.26% in 2 and 4 month respectively) cheese, while the pH value of fresh
Mozzarella (4.88 and 4.80) was lower than Cheddar cheese (5.21 and 5.0). The protein and fat
contents of Mozzarella cheese were lower (25.36-24.99% and 23.25-23.65% respectively) than
Cheddar cheeses (28.23% and 28.20% 29.33% and 29.03% respectively for 2 and 4 months
ripened). Total calcium for Mozzarella was in lower (650-655 mg/100g) than Cheddar (749-754
mg/100g) but the soluble calcium was higher (310-370 mg/100g) as compared to Cheddar (220240 mg/100g soluble).
Pizza cheeses (PC0 to PC6) prepared with the amalgamation of Mozzarella and Cheddar
cheese were analyzed for physicochemical parameters, texture profile, meltability, stretchability,
expressible serum, organic acids and proteolysis. The baking performance of Pizza cheese was
also assessed by color. Descriptive sensory analysis was carried out to inspect the behavior of
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Pizza cheeses under two cooking methods (microwave and conventional oven cooking) on Pizza
topping.
The amalgamation of cheeses significantly affected the physicochemical composition of
Pizza cheeses. Considerably highest moisture (51.23%) and acidity (0.92%) were observed in the
control sample while their percentages decreases as the level of Cheddar cheese increases in
Pizza cheese. The lowest moisture content (46.58%) was found in PC6, whereas lowest acidity
(0.85%) was recorded in PC3. The highest pH (5.15) was noticed in PC6 and lowest (4.88) in
PC1. The protein (25.37%), fat (23%), total calcium (652 mg/100g) and water soluble calcium
(313 mg/100g) were lower in the control sample and their percentages increased with increasing
level of Cheddar cheese. It was concluded from the results that Pizza cheeses prepared with 2
months ripened Cheddar cheese had significantly higher mean value (49.45%) for moisture,
lower pH (4.93), higher acidity (0.89%) and lower water soluble calcium (264 mg/100g) than 4
months ripened cheese. The protein, fat and total calcium contents of Pizza cheeses did not
change considerably with ripening months of Cheddar cheese.
The texture profile analysis of Pizza cheeses differed significantly due to amalgamation
of different levels of cheeses. The noticeably higher and lower mean values for hardness (7722
and 5056 g), cohesiveness (0.96 and 0.84), springiness (0.68 and 0.52), gumminess (7388.26 and
4246.98) and chewiness (4999.36 and 2208.13) were observed in PC0 and PC6 respectively. It
means that increasing level of Cheddar cheese and ripening months decreases the values for
textural profile parameters of Pizza cheeses.
Functional characteristics i.e. meltability and stretchability of Pizza cheeses were
significantly (p<0.05) affected by the amalgamation of Mozzarella and Cheddar cheese. The
results demonstrated that control sample (PC0) exhibited lowest (10.17cm) meltability and
highest (34.50cm) stretchability. Is was noticed that as the level of Cheddar cheeses
incorporation increased in the Pizza cheeses, the meltability increased and stretchability
decreased. The highest (25.82cm) meltability and lowest stretchability (27.83cm) was found in
the PC6. The control sample exhibited the highest (12.19 g/100g) while PC6 possessed the lowest
(3.59 g/100g) value of expressible serum. It is concluded that the value of serum decreased with
increasing the level and age of Cheddar cheese.
Regarding the results of organic acids, the lactic acid and acetic acid contents increased
from PC0 to PC6, while the citric acid content of pizza cheeses (PC1, PC2 and PC3) was higher
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than (PC4, PC5 and PC6). The pH 4.6 soluble and TCA soluble N varied significantly due to
amalgamation of cheeses at their different levels and with ripening months of Cheddar cheese.
The pH 4.6 soluble and TCA soluble N were higher (8.30%, 7.03%) in PC 6 as compared to
control Pizza cheese (1.76% and 2.05%). Both nitrogen increased with the increasing level and
ripening period of Cheddar cheese. Electrophoresis and reverse phase HPLC results indicated
that the level of intact casein decreased with increasing the level and age of Cheddar cheese in
the Pizza cheese.
The results of baking performance indicated that whiteness decreased while brown color
increased with amalgamation of increasing level and age of Cheddar cheese. Considering the
sensory evaluation, it was concluded that panel liked the Pizza cheese flavour containg higher
concentration of 4 months ripend cheddar cheese. Pizza cheese conating lower concentration of 2
months ripened Cheddar cheese was the prefered regarding the textural attributs. The appearacne
of 50:50% combination of Mozzarella and Cheddar with four month ripened got the higher
scores. As far as the baking methos are concerned, microwave oven proved better for texture and
flavour, while texture of the pizza baked in conventional oven scored higher than microwave.
Micrograms obtained electron microscopy indicated that size of serum channels reduced with the
amalgamation, increasing level and age of Cheddar cheese. The structure of Pizza cheeses
becomes more homogenous after amalgamation of Mozzarella and Cheddar cheeses. The
investigated cheeses PC0 to PC6 perform differentially regarding various quality attributes.
Considering the texture and functionality of Pizza cheeses, PC2 containing 50% Mozzarella and
50% 2 month ripened Cheddar cheese perform better. Regarding meletability, PC 4 and for
flavour, PC6 cheeses were more liked by the panelaists. The investigated cheese behave
differently during the baking performance, overall the baking performance of PC1 and PC2 was
prefered. The research proved helpful for the pizza manufacture to use Mozzarella and Cheddar
cheese amalgum (75% Mozzarella and 25% 2 months ripened Cheddar cheese) for producing
good quality pizza.
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FUTURE PROSPECTS
The prevalence of a comparatively large amount of variability in technological properties
of Pizza cheeses was confirmed. Based on the results of our findings, 75% Mozzarella and 25%
2 months ripened Cheddar cheese proved better for textural characteristics of Pizza cheese. This
amalgam of cheeses could provide new insight to cheese industries which could probably direct
new strategies to improve the characteristics of Pizza cheeses. However, the effect of this
amalgamation of cheeses on production of aroma compounds needs to be tested by advanced
analytical technique. More, work is also required to recognize the best combination of fresh and
ripened cheeses other than Mozzarella and Cheddar cheese.
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