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PROCESSED CHEESE PRODUCTION WITHOUT USING
EMULSIFING SALTS

SUMMARY

Emulsifying salts are essential ingredients in processed cheese dispersing and
solubilizing caseins to obtain a homogeneous structure. However, they are food
additives with high sodium content that can affect health adversely. In addition, they
are imported additives that increase the cost of production. This study aimed to
manufacture a processed cheese without using emulsifying salts resembling hard
cheese. For this purpose, firstly, composition and structural properties of commercial
hard processed cheeses were analyzed. Next, formulation studies were carried out by
using different dairy ingredients including Kasar cheese, acid casein source, milk
protein concentrate (MPC) and whey protein concentrate (WPC). Basic formula was
determined considering the composition and pH of hard processed cheese and the
composition of the ingredients. Three different formulations were developed using
the basic formula with different amounts of the MPC and WPC. While the total
amount of MPC and WPC was held constant at 10,6%, the mass percentage of them
was changed as 100:0, 50:50, and 0:100. Composition, pH, calcium content,
meltability, oiling off, textural and rheological properties of the samples were
measured after storage for 3 days at 4°C.

Processed cheese samples had pH around 5,41-5,55 and contained 44-47 % dry
matter, 22-23% protein, 25-26% fat, 1,65-1,77% ash and 0,43-0,57% calcium. The
hardness of the processed cheese samples was found to be dependent on the type of
protein concentrate in the formula. The sample with only MPC had the highest
hardness, while that with only WPC had the lowest. Cohesiveness of the produced
samples followed a similar trend. Chewiness of only MPC-containing sample was
higher than those of the samples with WPC.

The type of protein concentrate used in the formulation also affected the meltability
of processed cheese. While the sample with only MPC had meltability close to that
of commercial cheeses, the sample with both MPC and WPC had lower meltability.
The sample with only WPC did not melt. The oiling off was observed in all samples
except the sample with 100% WPC. The melting or flow temperature was also
measured by temperature sweep test performed with a rheometer. The flow
temperatures of the samples with only MPC and MPC-WPC were 58.51 °C and
57.47 °C, respectively. The sample with only WPC did not show a clear melting or
flow.

Sensory properties of processed cheese samples were also evaluated in comparison to
those of a commercial sample. The type of protein concentrate used in cheese
formulation significantly impacted texture and flavor attributes. The sample with
only MPC had the highest hardness among the samples; however, it was softer than
the commercial control sample. The study also examined the cohesiveness, elasticity,
and crumbliness of processed cheese samples and control sample. The control
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sample had the highest elasticity value, while processed cheese samples had similar
elasticity. The highest crumbliness value was found in the sample containing only
WPC, which had a gritty and coarse texture. When the flavor characteristics of the
products were analyzed, no foreign taste or flavor was detected in any of the
processed cheese samples. The taste of control sample was found to have the most
intense Kasar taste and the sample with only MPC followed the control sample in
this attribute. The most acceptable sample in terms of textural and taste
characteristics was the sample containing only MPC. The sensory textural analysis
results were found to be compatible with the those obtained from instrumental
textural analysis.
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EMULSIFIYE EDICi TUZLAR KULLANILMADAN ERITME PEYNIRIi
URETIMI

OZET

Eritme peyniri, farkli peynirlerin karigimindan belirli yapisal 6zellikler ve lezzette
uzun raf dGmarlu bir Grun elde etmek i¢in ek iglemlerle tiretilen bir peynir tirddur. Bu
yOniiyle eritme peyniri iiretimi, dogal gida kaynaklarmin geri kazanimini ve tiiketime
sunulmasini saglayarak siirdiiriilebilir gida sistemlerinin gelistirilmesinde énemli bir
uygulamadir. Dogal peynirin emiilsifiye edici tuzlar, koruyucu maddeler ve diger
bilesenlerle harmanlanmasiyla yapilir. Emiilsifiye edici tuzlar eritme peynir
uretiminde onemli bir rol oynar ve peynirin dokusuna, stabilitesine ve erime
ozelliklerine katkida bulunur. Emiilsifiye edici tuzlar, temelde peynirdeki kazeinlerin
dispersiyonu ve ¢Ozilindiiriilmesinde yardimci olan ve bu sekilde eritme peynirinde
homojen bir yap1 saglayan temel bilesenlerdir. Ancak iiretim maliyetini artiran bu
ithal iriinler, saglig1 olumsuz etkileyebilecek yiiksek sodyum igerigine sahip gida
katkir maddeleridir. Eritme peyniri iiretiminde emiilsifiye edici tuzlarin kullanimmin
yerine daha dogal bilesenler kullanmak ve icerigi degistirmek hem saglik agisindan
hem de ekonomik acgidan faydalar saglayabilir.

Bu ¢alismanin amaci, emiilsifiye edici tuzlar kullanilmadan sert ve eriyebilen bir
eritme peyniri tretmektir. Ayrica iki siit bazli protein bileseni olan siit proteini
konsantresi (MPC) ve peynir alt1 suyu proteini konsantresinin (WPC) eritme peyniri
kalitesi ve islevselligi tzerindeki etkileri de arastirilmistir. Calismada ticari sert
eritme peynirlerinin sahip oldugu eriyebilirlik, dokusal ve reolojik 6zelliklere esas
sahip bir eritme peyniri tiretmek hedeflenmistir. Bu amagla, 6ncelikle ticari sert
eritme peynirlerinin bilesim ve yapisal Ozellikleri analiz edilmistir. Elde edilen
verilere ve literatlirdeki verilere gore, asit kazein kaynagi, Kasar peyniri, MPC ve
WPC gibi farkli siit bilesenleri kullanilarak igerik c¢aligmalar1 yiirtitiilmiistiir.
Emdlsifiye edici tuzlar yerine kalsiyum igerigi diisiik asitle ¢okeltilmis kazein tercih
edilmistir. Ancak asit kazeinin ¢oziiniirliigii ve eriyebilirligi diisiik oldugundan farkli
protein kaynaklar1 hem emiilsiyon kapasitesini artirmak hem de formiilde yeterli
protein oranini saglamak i¢in tercih edilmistir.

Uriin  formiilasyonu {iriiniin  kalitesini, duyusal ve yapisal ozelliklerini
belirlemektedir. Formiilasyon {iriin bilesimini, kuru madde, protein, yag ve kalsiyum
icerigini  belirlemekte ve bu bilesenler iriin yapisin1 olusturmaktadirlar.
Formiilasyonun gelistirilmesinde eritme peynirde kullanilacak olan bilesenlerin
miktar1 ve tiirii, toplam kalsiyum igerigi, pH degeri, yag ve protein oranlar1 dikkate
almmigtir. Ayrica formiilasyona eklenecek bilesenlerin miktar1 hesaplanirken nihai
urtinde hedeflenen fizikokimyasal 6zellikler ile birlikte yonetmeliklerde belirtilen
yasal diizenlemeler de dikkate almmistir. Eritme peynirinde kullanilacak protein
konsantrelerinin etkisini anlayabilmek igin gelistirilen formiilde farkli oranlarda
MPC ve WPC kullanilarak ti¢ farkli formiil gelistirilmistir. Formilde protein
konsantresi oran1 %10,6'da sabit tutulmus ve bu protein oranini saglayacak MPC ve
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WPC oranlar1 100:0, 50:50 ve 0:100 olarak degistirilmistir. Uretimi gerceklestirilen
eritme peynir drnekleri 4°C'de 3 giin depolandiktan sonra kuru madde, yag, nem, pH,
protein ve kalsiyum igerikleri belirlenmistir. Yapisal 6zelliklerinin belirlenmesi i¢in
firmda eriyebilirlik ve serbest yag miktar1 analizi yapilmigtir. Tekstlir cihazi
kullanilarak sertlik, i¢ yapiskanlik, ¢ignenebilirlik, elastiklik, sakizimsilik ve dis
yapisma kuvveti gibi diger ozellikleri Olciilmiistiir. Orneklerin akma sicaklig
reometre ile sicaklik taramasi yapilarak belirlenmistir. Ayrica tanimlayici duyusal
analiz yapilarak bir ticari eritme peynir 6rnegi ile U¢ eritme peynir 6rnekleri doku ve
lezzet 6zellikleri agisindan karsilagtirilmastir.

Eritme peynir orneklerinin gorsel incelemesinde farkli oranda protein konsantresi
iceren Orneklerin yapilarmin birbirinden farkl oldugu ortaya ¢ikmistir. MPC iceren
orneklerin yapisal biitiinliik a¢isindan yalnizca WPC iceren orneklere gore daha 1yi
oldugu gozlemlenmistir. Sadece WPC iceren orneklerin ufalanan bir yapiya sahip
olmasi, yapisal olarak pargalanmasi ve diger numuneler kadar homojen olmadigi da
gozlenmistir.

Fizikokimyasal analizler sonucunda, eritme peyniri 6rneklerin %44-47 kuru madde,
%22-23 protein, %25-26 yag, %1,65-1,77 kil ve %0,43-0,57 kalsiyum icerdikleri
tespit edilmistir. Eritme peynir 6rneklerinin pH's1 5,41-5,55 araliginda bulunmustur.
Eritme peynir 6rneklerinin Tiirk Gida Kodeksi'ne uygun kuru madde, yag ve protein
iceriklerine sahip olduklar1 bulunmustur. Ug farkli eritme peyniri drneklerinin kuru
madde, yag, protein, kiil ve kalsiyum igeriklerinde yapilan formiilasyon ayarlamasi
nedeniyle beklendigi gibi herhangi bir farklilik tespit edilmemistir.

Tektiir profil analizi sonucunda, eritme peynir Orneklerinin sertliginin icerdikleri
protein konsantresi tiirtine baglh oldugu bulunmustur. Sadece MPC igceren 6rnek en
yiiksek sertlige sahipken, WPC igeren 6rneklerin daha diisiik sertlige sahip oldugu
tespit edilmistir. Eritme peynir orneklerinin i¢ yapiskanlhigi da benzer bir egilim
izlemistir. Yalnizca MPC igeren Orneklerin ¢ignenebilirligi WPC igeren orneklere
gore daha yiiksek bulunmustur. Sertlik ile ilgili sonuglarin ¢ignenebilirlik
sonuglartyla paralel oldugu goriilmiistir. Ug farkli eritme peyniri 6rneklerinin
elastikligi, sakizimsiligi, ¢ignenebilirligi ve dis yapisma kuvveti de benzer bir egilim
gostermistir. Tekstiir profil analizi sonucunda yalnizca MPC igeren eritme peyniri
orneklerinin, WPC iceren 6rneklerden daha iyi yapisal 6zelliklere sahip oldugu tespit
edilmistir.

Eritme peyniri Orneklerinin eriyebilirli§i ve serbest yag miktart incelendiginde,
protein konsantresi tiiriniin eritme peyniri Orneklerinin eriyebilirligini etkiledigi
tespit edilmistir. Yalnizca MPC igeren Ornegin eriyebilirligi ticari peynirlerin
eriyebilirligine yakim iken, esit oranda MPC ve WPC igeren 0rnegin erime kabiliyeti
daha diisiik bulunmustur. Yalnizca WPC iceren 6rnek erimemistir. Diger yandan
orneklerin serbest yag miktar1 analizi sonucunda, sadece WPC igeren 0rnek disinda
orneklerde yag ayrilmasi gozlemlenmistir. Eriyebilirlik agisindan eritme peyniri
orneklerinin birbirinden farkli oldugu, ancak serbest yag miktar1 agisindan sadece
MPC igeren 6rnekle MPC ve WPC’yi esit oranda igeren drnegin birbirlerine benzer
oldugu tespit edilmistir.

Eritme peyniri Orneklerine ait reolojik Ozellikler, reometre ile gergeklestirilen
sicaklik tarama testiyle Ol¢lilmiistiir. Yalnizca MPC igeren 6rnegin ve ayni oranda
MPC ve WPC igeren 6rnegin akis sicakligi dncesi G' degeri, G" degerinden daha
yiksek ¢ikmistir. Bu durum eritme peyniri Orneklerinin erimeden once elastik
davranisa sahip oldugunu gostermektedir. Ayrica eritme peyniri 6rneklerinin elastik
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(G") ve viskoz (G") modiillerinde sicakliga bagli olarak meydana gelen degisimler
incelenmistir. Ancak sadece WPC iceren 6rnek herhangi bir erime gostermediginden
G' ve G" kesismemis ve erime sicakligl elde edilememistir. Yalnizca MPC igeren
ornegin ve ayni oranda MPC ve WPC iceren 0rnegin akis sicakliklari sirasiyla 58,51
°C ve 57,47 °C olarak dlglilmiistiir. Yalnizca WPC igeren drnek net bir erime veya
akis sicakligi gdstermemistir. Yalnizca MPC igeren 0rnegin ve ayni oranda MPC ve
WPC igeren 6rnegin reolojik ozelliklerinin istatistiksel agidan birbirine benzer fakat
yalnizca WPC igeren drnekten farkli oldugu tespit edilmistir.

Son olarak, ticari kontrol 6rnegi ve ii¢ farkli eritme peyniri drneklerinin yapisal ve
lezzet Ozellikleri tanimlayict duyusal analiz yapilarak karsilastirilmistir. Eritme
peyniri igeriginde kullanilan protein konsantresi tiirliniin, eritme peynirinin doku ve
lezzet dzelliklerini istatistiksel olarak dnemli dlgiide etkiledigi goriilmiistiir. Ornekler
yapisal 6zellikler yoniinden incelendiginde, sadece MPC iceren 6rnek WPC iceren
orneklerle kiyaslandiginda, en yliksek sertlige sahip olmasina ragmen ticari kontrol
orneginden daha az sertlige sahip oldugu bulunmustur. Uriinlerin i¢c yapiskanhk
Ozellikleri karsilastirildiginda, kontrol 6rneginin yalnizca MPC igeren eritme peyniri
ornegine istatistiksel olarak benzer oldugu ancak WPC igeren 6rneklerden farkh
oldugu tespit edilmistir. Ticari kontrol 6rnegi ve li¢ farkli eritme peyniri 6rneklerinin
krem rengi ve mathik degerleri birbirlerine benzer bulunmustur. En yiiksek
ufalanabilirlik degeri (pargacikli-heterojen yapi) yalnizca WPC igeren Ornekte
gbézlemlenmistir. Ticari Ornekle ¢ farkli eritme peyniri tekstiirel olarak
karsilastirildiginda, yalnizca MPC igeren Ornegin ticari kontrol 6rnegine en yakin
ornek oldugu tespit edilmistir. Uriinlerin tat &zellikleri incelendiginde, kontrol
orneginin ve eritme peyniri Orneklerinin higbirinde yabanci tat veya aroma tespit
edilmedigi saptanmistir. Ayrica 6rnekler arasinda eksilik, tatlilik, tereyagi aromasi ve
tuzluluk acisindan istatistiksel olarak Onemli diizeyde farkhiligin olmadig:
saptanmustir. Panelistler tarafindan Kasar tadina en yakin olan 6rnegin kontrol 6rnegi
oldugu ve onu sadece MPC iceren drnegin takip ettigi bildirilmistir. Uretilen Ui¢ farkl
eritme peyniri 6rnekleri arasinda yapisal ve lezzet 6zellikleri agisindan en begenilen
ornek sadece MPC igeren 6rnek olmustur. Tanimlayic1 duyusal analiz sonuglarinin
enstriimental yapisal analiz sonuglariyla uyumlu oldugu tespit edilmistir.
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1. INTRODUCTION

Processed cheese can be produced by combining cheese curd and cheeses at different
maturity with emulsifying salts and water. Other ingredients such as dairy proteins
and hydrocolloids can be added depending on the end use. Heating and mixing are
applied during the production of processed cheeses to obtain a uniform cheese
structure with a long shelf life. The functional properties of processed cheeses
(meltability, microstructure, viscosity, and stretchability) are the most essential
quality aspects which also contribute to the taste and aesthetic appeal of the food
during preparation and consumption. The ingredients and processing parameters used
have an impact on the functional characteristics of processed cheeses. Processed
cheese products are versatile and suitable for various applications, including raw and
heated forms. They can be creamy, smooth, spreadable or hard, elastic, and sliceable.
They can be used as a substitute for natural cheese, spread, sauces, dips, and as an
ingredient in various dishes. They can also be dried for soup or sauce mixes (Guinee
et al., 2004).

Emulsifying salts such as citrates, and phosphates are essential in the formulation of
processed cheese as they bind calcium and convert the insoluble calcium para-
caseinate into soluble sodium para-caseinate with the help of heat. This is required
for emulsification of fat by casein and to obtain a homogeneous structure. The
solubility of casein and cheese increases as a result of using emulsifying salts.
(Kosikowski and Mistry, 1997; Solowigj et al., 2020).

Although emulsifying salts have unique contributions to the quality of the processed
cheese, the use of emulsifying salts in cheese also has some negative effects.
Emulsifying salts improve the structural properties of processed cheeses; however,
they are essentially food additives. Additionally, emulsifying salts may cause a salty
and milder taste when added to obtain the desired flavor and taste. The use of
emulsifying salts causes high sodium amount in the cheese because these salts
contain sodium in their structure in addition to the table salt. Excessive sodium

intake is strongly linked to high blood pressure, heart disease and stroke. Reducing



salt intake can lower blood pressure and reduce the risk of associated disorders (He
& MacGregor, 2010). The World Health Organization (WHOQO) recommends that
individuals consume less than 2 g of sodium per day, which corresponds to less than
5 g of salt. It is reported that salt consumption in Turkey is 15 g per day (Oztiirk and
Garipagaoglu, 2018). Average daily sodium intake of adults worldwide was reported
as 4.31 g (equal to 10.78 g salt). This is more than double of the amount
recommended by WHO (WHO, 2023). Food manufacturers are aiming to lower the
amount of salt in their products over the past few years in response to the public
demand to lower the sodium content of both domestic and international products.

Since emulsifying salts are very effective components in blending different
ingredients in processed cheese, these functional properties may enable the reuse of
poor-quality cheese. Legal regulations of many countries impose certain limitations
on the amount of emulsifying salts. In such cases, different methods can be tried to
produce processed cheese without compromising market product quality.
Furthermore, even though many nations have regulations on the use of additives,
more amounts may be utilized than necessary. Nevertheless, emulsifying salts play
an important role in the production of processed cheese. Therefore, the role of these
salts in processed cheese and potential technologies to reduce sodium are being
investigated. Since emulsifying salts are costly ingredients, using more natural
materials instead of reducing these additives can provide both health and economic
benefits (Smith et al., 2008; Mozuraityte et al., 2019, Dularia et al., 2023).

In this study, it was aimed to manufacture processed cheese without using
emulsifying salts. Although there are studies on reducing the emulsifying salts in
processed cheese, there are limited studies on processed cheese production without
emulsifying salts. Production of a hard and meltable processed cheese with a
composition according to the regulations was targeted. In order to produce this
targeted processed cheese, ingredients and their proportion were determined to give
the desired composition, taste, texture and functional properties to the final product.
Acid casein source, Kasar cheese, butter and water were main ingredients in the
formulation. Protein contents of the cheese was adjusted by using milk protein
concentrate and whey protein concentrate. To determine which protein concentrate
yields a good quality processed cheese, three processed cheeses including %100
MPC, 50%MPC-50%WPC and 100% WPC were prepared and analyzed.



1.1 Purpose of Thesis

The objective of this study was to produce a hard and meltable processed cheese
without using emulsifying salts. In addition, the effects of two dairy-based protein
ingredients, milk protein concentrate and whey protein concentrate, on the quality
and functionality of the processed cheese were investigated.

1.2 Hypothesis

Processed cheese with desired quality and functionality can be produced by using an
acid casein source and milk-based protein concentrates unlike conventional

production by using emulsifying salts.






2. LITERATURE REVIEW

2.1 Processed Cheese

Processed cheese, whose consumption continues to increase worldwide, is
preferred as an alternative to natural cheese. Processed cheeses are advantageous
in terms of their low production cost, structural stability, long shelf life, ability to
be produced in accordance with special-purpose diets by changing their
composition (flavored, low-calorie, low-fat), and allowing the use of leftover
cheeses (Guinee 2007).

Processed cheese is covered in legislations about cheese products. The naming,
classification, composition, and allowed ingredients in processed cheese
manufacturing may differ due to local needs and demands. The code of Federal
Regulations in the United States defines four classes of processed cheese products
based on allowed components and compositions. This approach, as specified in the
Code of Federal Regulations, Food and Drugs, Part 133 (Edition 4-1-93),
identifies four basic kinds of processed cheese products: pasteurized processed
cheese (PC), pasteurized PC foods, pasteurized PC spread, and pasteurized
blended cheese. The classification criteria include authorized substances and
compositional factors. United States Food and Drug Administration guidelines
state that only items made with natural cheese and salts (3%, w/w) and having a
specific amount of moisture (43%, w/w) and fat content (greater than 47%, w/w)
qualify as processed cheese (Oliveira et al., 2016). In the United Kingdom, there
are two types of processed cheese products: processed cheese and cheese spread
(as defined by the Cheese and Cream Regulations (HMSO, 1995). It classified
processed cheeses based on fat-in-dry matter and moisture content, and allowed
the use of starch and gelatin. Currently, processed cheese is a customary product,
but is recognized by the Food Standard Agency as part of the "cheese and cheese
products” group. European legislation for processed cheese is limited, but general
measures and detailed requirements can facilitate production. Processed cheese

manufacturers must adhere to EU Regulations, HACCP system, and guidelines



developed in compliance with European Parliament and Council regulations,
Codex recommendations, and 1SO 22000:2018. On the other hand, Turkey is
harmonizing its laws with those of the European Union, with the Ministry of
Agriculture and Forest publishing a compulsory Food Codex Cheese Standard in
2015. This regulation defines processed cheese as a product made from curd,
cheese types, dairy ingredients, and pasteurization. The cheese must be suitable
according to the same regulation and have a moisture content of less than 60%
(El-Bakry and Mehta, 2022). Until the regulation was published in Turkey in
2015, block cheeses made using emulsifying salts by the method called "dry
cooking" were called as Kasar cheese. With the publication of the regulation about
cheese in 2015, the phrase "Kasar cheese" cannot be written on the label of
processed cheese. The Turkish Food Codex Cheese Regulation defines Kasar
cheese as boiled curd cheese that is made by processing raw curd obtained by
coagulating milk with rennet. Depending on the method, the cheese can be
classified as fresh or ripened depending on the differences in the production stages
and has distinctive characteristics unique to its type. In Turkish regulation,
processed cheese is defined as a product obtained by mixing cheese curd, one or
more types of cheese, dairy ingredients such as milk powder, whey powder, butter,
cream if necessary, by applying heat treatment at pasteurization norm or higher

temperatures and adding emulsifying salts (TFC, 2015).

Unlike natural cheeses produced directly from milk, processed cheeses are produced
by using cheese curd and one or more types of cheese with varying maturity and
emulsifying salts with the help of heat treatment and mixing (Salek et al., 2017). In
order to make processed cheese, a variety of cheeses can be used. The processed
cheese can be blended with Cheddar, Kasar, Feta, and additional dairy products like
cheese curd, whey, yoghurt, milk, or whey powder and fat or cream (Simsek and
Kavas 1991). Ingredients are blended in steam cooking-stretching machines that
apply high shear force and efficient mixing. In addition, homogeneous structure in
processed cheese is achieved not only by the steam cooking-stretching machine but
also by additives. In a natural fresh cheese, after the milk is turned into curd using
rennet or acid, the curd is further treated depending on the type of cheese to be
produced, such as vacuuming, soaking in brine, pressing, salting, and ripening.

Unlike natural fresh cheese, in processed cheese manufacturing, curd and other



ingredients go through a kind of kneading-cooking process in steam cooking-
stretching machines with a certain power, speed and temperature. Formulation and

heating process allow production of various processed cheeses (Dixon, 2011).

In block type cheese, meltable cheeses are generally the main ingredients as they are
the most preferred cheese types in the food industry. Mostly hard and semi-hard
cheeses such as Emmental, Gruyere, Cheddar, Kasar, Guada, Mozzarella, Edam are
preferred because these cheeses have high dry matter and required casein level.
Therefore, they positively affect the stability that is required for processed cheese
(Rafig and Ghosh, 2017; Nogueira et al., 2018; Topcu et al., 2020).

On the other hand, formulation is the stage of deciding which ingredients to use to
obtain the desired composition, flavor, and functional properties to the final product.
The amount and type of cheese, total calcium content, dry matter content, fat content,
protein content, casein content, pH value, amount and type of emulsifying salts, and
whey protein content are important for formulation of processed cheese (Kapoor and
Metzger, 2008). It has been stated that if the fat and moisture contents of the
processed cheese formulation are not standardized, a product with the desired
functional properties cannot be obtained (Tamime, 2011). Although various limits on
the composition of processed cheese vary according to legal regulations, similar
ranges exist for certain types of processed cheese. Apart from legal regulations, the
formulation can be changed or adjustments can be made according to the desired

quality characteristics of the product (Fox et al., 2017).

Processed cheese, a leading cheese variety globally, is popular for its versatility in
various food preparations. It is produced in various forms like loaves, slices, shreds,
and spreads, thanks to its unique functional properties. Manufacturers have numerous
possibilities for producing processed cheese with different physicochemical
properties due to a range of options in ingredients and formulations, as well as
processing conditions, which leads to a variety of flavor, functional properties, and
end-use applications as desired by food industry and consumers. One of the reasons
why processed cheeses are so preferred is that the production steps are easier than
natural cheese. Also, its popularity with children of various ages can be attributed to
its safe ingestible consistency, moderate flavors, and packaging (color, strength,
convenience of opening, size) and form (e.g., triangles, fingers, cartoon characters)

that is typically appealing and practical for lunch boxes. Furthermore, processed



cheese can provide low cost in comparison to natural cheese due to the use of low-
grade natural cheese, off-cuts, and less expensive non-cheese milk solids (e.g., skim
milk powder, whey, casein, and caseinates). On a weight basis, casein and fat in
cheese are often more expensive than casein and fat in substances such as casein
powders and butter oil. Improvements in technology in manufacturing, emulsifying
salt mixes and functional dairy additives have made it easier to produce consistently
high-quality cheeses with specialized form, size, and appearance (Guinee et al.,
2004).

2.2 Principles of Processed Cheese Production

The initial stage of processed cheese manufacturing involves selecting ingredients
and formulating a mixture of natural cheese, emulsifying salts, colors, flavors, and
various other dairy and nondairy ingredients. The selection of these ingredients
significantly impacts the physicochemical and functional properties of the cheese.
Once the proper formulation has been prepared, the ingredient blend is heated and
mixed to create a homogenous mass that is packaged and cooled as shown in Figure
2.1.
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Figure 2.1 : Flowchart for the production of processed cheese (Oliveira et al., 2016).

Processed cheese manufacturers use various cookers with varying designs and
operating conditions, based on production mode, mixing systems, and heating

mechanism. Direct steam injection is the primary heating method. Process conditions



like cooking time, temperature, agitation, and cooling rate significantly impact
functional properties of cheese. Processed cheese manufacturers have numerous
options for producing physicochemical properties, leading to various flavor,
functional properties, and end-use applications. The selection of ingredients and
processing conditions is crucial for targeted functional properties. Fat, protein, and
moisture content determination is also critical, with testing carried out to ensure
compliance with the component criteria determined by legislations (Suna and Ersan,
2020).

2.3 Ingredients Used for Processed Cheese

The components of processed cheese are protein, fat, water, emulsifying salts, and
other components such as acidifying agents and additives that are used in small
amounts. The basic components used in processed cheese, the functions/effects of
these ingredients, and examples of these ingredients are listed in Table 2.1.

Table 2.1 : Ingredients used in the production of processed cheese (EI-Bakry &
Mehta, 2022).

Component Function/effect Ingredient

Milk Fat -Standardization of composition Milk fats, cream, butter
-Flavor, texture, and cooking
characteristics

Milk Proteins -Standardization of composition Casein, caseinates, milk/whey
-Texture and rheological protein concentrates
properties
-Thickening, emulsifying and
melting

Water -Texture and melting -
-Solubilizing emulsifying salts

Emulsifying Salts  -Protein solubilization and Phosphates and citrates
hydration
-Aid in emulsifying and
stabilization
-Texture and melting
-pH stabilization

Acidifying Agents -Adjustment of pH Organic acids like lactic,
acetic acid
Preservatives -Prevention of mold growth, Nisin, potassium sorbate,
extension of shelf life propionates
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2.2.1 Natural cheese

One of the most significant components in processed cheese is natural cheese.
Natural cheese is the main source of the intact casein among processed cheese
ingredients. The amount, ripening degree, pH, and calcium content of the natural
cheese directly affect the quality and functional properties of the processed cheese.
For example, the intact casein content of natural cheese reduces as it ages. As natural
cheese ages, enzymes and bacteria hydrolyze proteins into peptides, reducing casein
content. This affects functional properties like body and texture. In excessively
ripened natural cheese casein is hydrolyzed into small peptides, allowing for easy
hydration and dispersion during processed cheese manufacturing and leading to a
strong protein network with restricted flow properties. Various types of natural
cheeses, such as Cheddar, Kasar, Swiss, and Gouda, are used to make processed
cheese, depending on the country of manufacture, availability, and market demand.
In the United States, Cheddar cheese is the most common form of natural cheese
used in the production of processed cheese. The quantity of natural cheese in a
processed cheese formulation varies from 51% to 80% of the finished processed
cheese depending on the type of processed cheese generated (FDA, 2006; Kapoor
and Metzger, 2008).

2.3.2 Protein sources

Casein, which makes up approximately 80% of milk proteins, is found in milk as
micelles. Approximately 93% of the dry matter of casein micelles consists of casein
proteins, while the remaining part consists of minerals and organic acids. Calcium
and phosphate, which are bound to protein in the form of colloidal calcium
phosphate, are the minerals with the highest amount. Casein forms a complex with
these substances, and this complex is referred to as calcium caseinate-phosphate or
colloidal calcium phosphate. For this reason, casein is accepted as a phosphoprotein.
Caseins are well known for their emulsifying properties among food proteins and are
therefore included in the formulation of many foods. They maintain emulsion
stability by reducing surface tension between the aqueous phase and the oil phase
(Walstra et al., 2005).

The coagulation property of milk is the primary factor in cheese yield and quality

during the cheese-making process. For this reason, the dairy industry places a lot of
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weight on the coagulation of milk with rennet, which is the basis for the manufacture
of cheese. The basis of cheese-making is the coagulation of casein micelles.
Coagulation generally occurs in two different ways: acid and enzyme. In both
methods, casein passes into insoluble form and forms a network structure that does
not break down. While the protein network is loose in coagulation with acid, the
protein network becomes tight and elastic in coagulation with enzymes. Acidification
of casein micelles leads to demineralization, decreased solubility, and hydration,
causing precipitation and gelation. Acid curd (acid casein) is produced by
coagulation that occurs at pH 4.6, the isoelectric point of casein, where the positive
and negative electrical charges are equal. Heat treatment also affects coagulation
with acid, forming S-S bridges with kappa-casein (k-casein). Unlike rennet curd, the
casein matrix of acid curd contains all caseins, including the glycomacropeptide of «-
casein. However, loss of colloidal calcium phosphate occurs due to the dispersion of
micelles and solubility of colloidal calcium phosphate at the low pH of the gel during
whey separation. For this reason, cheeses with acid curd have low calcium and
inorganic phosphate levels. The pH value affects cheese structure during production
and storage, with low pH resulting in hard, semi-hard, soft, and brittle structures,
while high pH results in sticky, moist, and flexible structures (Hammam et al., 2023).
Lee et al. (1996) reported that a pH of 5.4 would not be sufficient to make processed
cheese using acid curd. The quality of the product was found to be acceptable. In
order to obtain processed cheese with acid curd, some part of acid curd should be
transformed to sodium or calcium caseinate by using NaOH or Ca(OH); because the
solubility of the acid curd is low (O’Malley et al., 2000).

Rennet curd (rennet casein) is produced by coagulation with kimozin. Rennet curd
and acid curd have quite different compositions. Rennet curd has a lower water
binding ability than acid curd due to the absence of the hydrophilic C-terminal of k-
casein in the form of the glycomacropeptide. Rennet curd can be considered a very
fresh cheese in terms of calcium content and structure formation which is
hydrophobic just like cheese (O’Connell and Flynn, 2007). Rennet casein is used to
make the majority of processed cheese alternatives, because it consists of insoluble
calcium para-casein. Emulsifying salts dissolve rennet casein, so it becomes soluble
by converting from calcium para-casein to sodium phosphate para-caseinate by heat

(Miralles et al., 2006). In processed cheese production, cheeses made with rennet
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curd are generally preferred as natural cheese. The reason for this is that processed
cheese produced with rennet casein has a more fibrous structure and higher
meltability than those prepared with acid casein. In addition, rennet casein is
preferred in processed cheese production because it provides better flavor (Guinee et
al. 2004).

Abou-EI-Nour and Buchheim (2002) investigated the possibilities of using acid curd
in processed cheese production by using rennet casein powder and 20% - 80% acid
curd in the production of hard processed cheese. It has been reported that meltability,
springiness and cohesiveness values of the cheese samples were not significantly
affected. On the other hand, hardness, adhesiveness, gumminess and chewiness
values decreased by using acid curd. According to the sensory evaluation, it was
stated that the use of 60% of acid curd does not significantly affect the sensory
properties.

2.3.3 Fat sources

Milk fat is one of the main ingredients used in the production of processed cheese.
Fat provides the desired composition, structure and meltability in cheese. Generally,
milk fat is added to the mixture to increase the total fat content of the processed
cheese. Milk fat is distributed uniformly within the casein matrix of the cheese,
providing the typical smoothness of cheese. The globule membrane of milk fat has
an emulsifying action and is rich in surface-active substances. The texture of cheese

is influenced by this phenomenon (Guinee et al., 2004).

2.3.4 Water

In the production of processed cheese, water is used to bind calcium, dissolve
emulsifying salts, hydrate the protein and disperse the components. Water binds to
protein and fills the gaps between the casein matrix and fat, resulting in a viscoelastic
cheese matrix. Increasing the water content reduces the hardness and firmness of the
cheese and increases the solubility of the product. It has been stated that this trend is
associated with increased free water, large fat globules and decreased protein-protein
interaction. It is thought that free water disrupts the continuity in the protein network
structure, weakening the structure, and the weaker structure requires less energy to
melt. The function of water in processed cheese is that it provides softness in

spreadable cheeses and meltability in harder cheeses (Hennelly et al., 2005).
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2.3.5 Emulsifying salts

Emulsifying salts are required for homogeneous processed cheese structure. They
bind calcium between caseins and enhance the solubility of casein by masking the
effect of calcium. This allows the release of the casein, increases their emulsification
capacity, and enables their dispersion and binding more water (Walstra et al., 2005).

More information about emulsifying salts will be given section 2.4.1.

2.3.6 Milk protein concentrates

Milk protein concentrate (MPC) is a powder ingredient that can improve the
structural and quality properties of processed cheese. MPC which is produced by
processing milk through a number of steps contains natural casein and serum
proteins (80% casein and 20% whey proteins). The degree of protein concentration in
the process determines the level of protein, lactose and minerals. The goal of the
process of making MPC is to extract the fat from the milk and produce a low-fat and
high protein dairy product. Microfiltration and ultrafiltration are applied for
obtaining condensed milk protein in liquid form, evaporation and drying processes
are applied to the liquid product in order to obtain powdered MPC. When MPC is
preferred as liquid, evaporation and drying processes are not performed. After the
ultrafiltration process, it can be pasteurized and used. With the pasteurization
process, possible pathogens are eliminated and a safe product is obtained. Since milk
protein concentrate does not have a certain protein level, commercially available
products range from 35% to 90% protein level. MPC with high protein levels contain
low carbohydrate content and very little lactose (Crowley et al., 2014). Using MPC
in processed cheese manufacturing can have some advantages, these are (El-Bakry
and Mehta, 2022):

- MPC can positively affect the emulsion structure of processed cheese.
- MPC can increase the solubility of casein.

- By binding the water in the structure of the processed cheese, it can provide a more

homogeneous structure.

In the study of EI-Nour et al. (1996), possible use of MPC instead of rennet casein in

the production of hard processed cheese was investigated.
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The addition of MPC reduced the meltability while improving the hardness,
sliceability gumminess, adhesiveness and chewiness with acceptable sensory and
properties.

In addition, according to Souza et al. (2014), MPC supports not only composition,
but also stability of processed cheese. It is important to solubilize MPC by applying
constant mixing and heating together in the process. However, compared with other
milk protein ingredients, such as caseinates and whey protein concentrates and
isolates, MPCs can suffer from the development of insolubility, and as a result,
elevated reconstitution temperatures and/or prolonged reconstitution times are
required. In addition, it should be considered that the solubility of MPC is higher
when dissolved in milk or milk permeate than in water (Huppertz and Gazi, 2017).
Because MPC has weak reconstitution ability, end users must alter current unit
operations or product compositions in order to accelerate powder rehydration
(Crowley et al., 2015). In the study of Crowley et al. (2015), increasing the protein
content of MPC powders (from 35% to 90%) augmented the rehydration problem
and caused sediment formation after mixing at 25°C for 90 min. When the
temperature was increased to 50°C, 90-min mixing reduced the sediment height by
41% while using rehydrated in milk permeate or 80 mM KCI were effective in
reducing sediment height by 89.9% and 99.5%, respectively. However, they
observed that primary large particles still existed in the solution by particle size
analysis. Authors stated that temperature and ionic strength had synergistic effect on
rehydration of MPC.

The research of Anema et al. (2006) examined how storage temperature affects the
solubility of MPC85. MPCB85 was stored at temperatures ranging from 20 to 50°C for
up to 60 days. This study found that the solubility of MPC85 was reduced
significantly with the increase in storage temperature. Solubility of MPC85 was
steady at 20°C for up to 60 days, but declined fast at 50°C. For storage at 30 to 40
°C, the solubility curves indicated three phases, initial, rapid drop, and final near the
minimum value. This implies that the reactions that lead to insolubility must be
advanced before a decrease in solubility may be detected. This research also revealed
only casein became insoluble after storage. This suggests that whey proteins do not

play a significant role in the insolubility phenomenon.
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The insoluble complexes must be permeable enough to allow whey proteins to
migrate from the MPC85 powder to the liquid phase (Anema et al., 2006).

2.3.7 Whey protein concentrates

Whey proteins, which make up 20% of milk protein fraction, remain in whey during
cheese production. Whey is a nutritionally valuable milk component, an attractive
alternative to other ingredients and its utilization reduces disposal costs and
environmental pollution. Whey protein concentrate (WPC), which contains high
amounts of protein with functional properties and high nutritional value, is widely
used as an ingredient in the production of various foods. Using WPC in the processed
cheese formulations causes to increase serum proteins in the processed cheese. Since
whey proteins can cross-link with both casein and among themselves at high
temperatures, the high level of serum proteins in processed cheese leads to an
increase in the hardness and a decrease in the meltability affecting the sensory
properties. WPC has low emulsifying ability but they are less sensitive to pH
changes compared with caseins. Whey proteins can partially replace rennet casein
without significantly altering properties of cheese (Mleko and Foegeding, 2001).
Whey protein products are known to have a large proportion of phospholipids in their
fat fraction and these phospholipids might increase emulsifying ability of WPC
(Young, 1999). The functionality and overall/particular effects of WPC are shown in
Table 2.2.

Table 2.2 : The functionality and overall/particular effects of WPC.

Functionality = Overall Effect Particular Effects on the
Processed Cheese Product

Solubility Smooth texture Less of a "powdery" or "gritty"
sensation

Viscosity Thickening Provide body, texture

Emulsification  Form stable fat/oil Casein protein replacement, Prevent

emulsions oiling off
Flavor, aroma Mild dairy or no flavor Compatible with other dairy flavors,

low flavor impact

Nutrition Source of high-quality Good option for enrichment and
proteins and calcium fortification purposes
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In the research of Sotowiej et al. (2014), the processed cheese analogues were made
using only acid casein or rennet casein, and blended with WPC80 or WPI. It was
found that WPC increased hardness, adhesiveness, and viscosity, while it decreased
meltability. Rennet casein containing samples were harder but less cohesive than
acid casein samples. These results suggested that textural/rheological properties and
meltability of processed cheese analogues can be controlled by using appropriate
protein ingredients.

Abd El-Salam et al. (1996) investigated the effect of 0%, 20%, and 40% WPC
addition on the composition and rheological properties of spreadable processed
cheese. the authors stated that the addition of 40% WPC increased the amount of
serum protein in the final product by 6%. When it was compared with the control
spreadable processed cheese without WPC addition, the addition of WPC increased
the pH value by 0.3, the lactose content by 2.5% and the moisture content by 0.8%. It
has been reported that when the amount of WPC in spreadable processed cheese was
increased, meltability, flavor and other sensory properties were also improved due to

the increase in moisture content.

2.4 Important Factors Affecting Quality of Processed Cheese

2.4.1 Emulsifying salts

Phosphates and citrates are the most commonly utilized emulsifying salts, which are
either used alone or in combination during the preparation of processed cheese
(Dularia et al., 2023). In processed cheese manufacturing, the addition of emulsifying
salts such as disodium phosphate and trisodium citrate help in increasing the
emulsification capabilities of caseins by displacing the calcium phosphate complexes
in the insoluble calcium para-caseinate network found in natural cheese and in
adjustment of pH with a buffering effect. This calcium phosphate complex
displacement breaks the primary molecular bond that connects the different casein
monomers in the network. As a result of the breakdown of the calcium phosphate
complex by heating and mixing with es, the calcium para-caseinate network becomes
sodium para-caseinate as partially dispersed and hydrated. The partially distributed
calcium para-caseinate complex interacts with fat through hydrophobic interactions
in addition to being hydrated. Hence, the structure of processed cheese is largely

made up of a fat phase that is equally dispersed in casein gel network (Guinee, 2004).
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Phosphate salts bind calcium better than citrate salts, but when the two are used
together, a processed cheese with appropriate hardness and melting properties is
obtained (El Bakery, 2010). Choosing the correct emulsifying salts is one of the most
critical aspects in the manufacturing of processed cheese blends. This component
ensures the formation of a homogeneous structure with the appropriate consistency.
They have a substantial impact on the pH, functional and sensory qualities of

processed cheese, as well as texture and microstructure (Solowiej et al., 2020).

2.4.2 Calcium

The overall calcium content of a processed cheese determines not only its
manufacturing but also its final functionalities such as hardness and melting. A high
total calcium level in a processed cheese formula complicates processed cheese
production because additional calcium must be separated from caseins by the
emulsifying salts added during processed cheese production. Natural cheese is a key
component that leads to changes in the overall calcium level of a processed cheese
composition. When a natural cheese with a high total calcium content is utilized to
manufacture processed cheese, the resulting processed cheese is firmer and less
meltable (Kapoor and Metzger, 2008). Calcium can solubilize from casein during
processed cheese production due to acid generation and a resulting decrease in pH.
The quantity of this solubilization is depending on how the cheese is created (e.g.
rate of acid development). This soluble calcium, which is in the aqueous phase of the
curd, can be lost into the whey during cheese production, altering the total calcium
content of the cheese. Quantitative data on how much calcium is lost during
processes in cheese production could give cheese makers more control and allow

them to tailor their production procedures accordingly (Swaminathan et al., 2023).

Calcium ions have a significant impact on the para-casein aggregation process and
range of hydration, which affects the capacity of casein matrix to bind water as well
as its rheological characteristics after heat treatment (Guinee, 2004). Many reactions
and interactions between ingredients take place during the cooling of the melted
curd, including the creation of disulphide and calcium bridges as well as casein
cross-linkages. The presence of cross-linkages in the product matrix is correlated

with the hardness of processed cheese (Sotowiej et al., 2014).
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243 pH

There are many factors that affect the quality and textural properties in cheese
production, but one of the biggest and easiest indicators of the final product quality
and texture is the pH value measured throughout and at the end of production. The
pH value provides guidance to manufacturers from the beginning of the process to
the final product. Many factors such as the degree of ripening, pH value and type of
natural cheese used in the production of processed cheese, the amount, type and pH
value of emulsifying salt, relative amount of casein and solubility of casein have
significant effects on the pH value of the final product in the processed cheese
production (Gupta et al., 1984). As the acidity in the cheese increases, the colloidal
calcium found in the caseins dissolves, giving the cheese an elastic, doughy, and
workable structure. When the acidity of cheese approaches the isoelectric point of
caseins, the electrostatic repulsive forces are reduced and the hydrophobic
interactions between caseins increase, resulting in a brittle structure similar to white
cheese. The pH value of the processed cheese plays an important role in determining
the final textural properties such as hardness, elasticity, adhesiveness, and
cohesiveness (Guinee et. al., 2004). Processed cheeses with a low pH value show a
hard, semi-soft and crumbly structure, while those with a high pH value show a
sticky, moist and elastic structure (Gupta et al., 1984). If the pH value of processed
cheeses is lower than 5.4, brittleness occurs in the process cheese. When the proteins
in processed cheese approach the isoelectric point, the net negative charges on the
proteins decrease, causing reduction of repulsive forces between protein molecules
and causing an increase in protein-protein interactions. For this reason, proteins
aggregate among themselves and lead to a processed cheese emulsion with a crumbly
or gritty structure (Shirashoji et al., 2006). Different researchers have stated that the
pH range of a good quality processed cheese should be between 5.4 and 5.8. (Guinee,
2004; Hammam et al., 2023; Kapoor and Metzger, 2008). Piska and Stetina (2004)
stated that the pH value of fresh cheese is between 5.20-5.40 when phosphates are

used at a rate of 2.6% as emulsifying salt.

In the study of Lee et al. (2003), changes in the structure of processed cheese (that
include phosphates and citric acid as emulsifying salts) during heat treatment was
investigated and it was reported that the pH value of cheese should be 5.70. In

addition, Lee et al. (2005) examined how the rheological properties and colloidal
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calcium were affected in Cheddar cheese by pH lower than 5. A decrease in pH
below 5.0 in Cheddar cheese caused the cheese to acquire a hard and brittle structure

with cracks in the structure.

Preferring pH less than 5, as opposed to the generally preferred higher pH values,
causes water release in cheese and a decrease in solubility.

2.4.4 Moisture

Cheese is a product with high and variable moisture. The moisture present in cheese
after production diffuses throughout the protein network during storage and
influences the structure of the cheese. It is preferred that the moisture content of the
processed cheese is less than 43% with a pH more than 5.3. (EI-Bakry and Mehta,
2022).

There are many studies on the effect of composition of processed cheese on quality.
Gupta and Reuter (1993) stated that when the moisture content of processed cheese
increases, the firmness of the cheese decreases and its meltability increases. Tamime
and Younis (1991) processed cheeses that included 3% emulsifying salts, 13% - 20%
water and Cheddar cheese mixtures, contained dry matter between 49 - 55%, fat
between 24% - 26%, with pH value changing between 5.4- 5.8. They determined that
the taste and quality of the processed cheese made from 25% fresh + 75% mature

Cheddar cheese mixture was high.

2.4.5 Production parameters

The emulsion formation and the functional features of the final processed cheese are
mostly controlled by processing parameters like temperature and time of heating, and
rate of cooling (Kapoor et al., 2004). According to the previous studies, the cook
temperature used varies from 70°C to over 100°C based on the type of cooker and

the type of processed cheese that is produced (Kapoor and Metzger, 2008).

The temperature and time applied during the heating directly affect the shelf life and
functional properties of the final product. At the same time, the type of ingredients
used in the product, its water holding capacity, and its physical and chemical
properties are the most important factors that determine the viscosity and functional
properties of the product (El-Bakry et al., 2011; Guinee, 2016). The kind and

quantity of natural cheese, emulsifying salts, and other components employed have
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an impact on its characteristics. When the production temperature is between 70-
90°C, the degree of emulsification of fat increases and the flowability of cheese
decreases in the production of processed cheese (Fox et al., 2000). As mentioned
before, the use of melting units with mixers (batch or continuous cookers) is
common in the production of processed cheese. Glenn et al. (2003) investigated the
effect of production conditions of processed cheese on cheese meltability by using 5
different mixing speeds/heat treatment temperatures for the production of Cheddar-
based processed cheese. The processed cheese samples were produced with the
parameters of 1, 5, 10, 15, 25 and 35 minutes using a combination of 74°C/50 rpm,
86°C/50 rpm, 86°C/100 rpm, 74°C/150 rpm and 86°C/150 rpm. When the meltability
of cheeses was evaluated with the Schreiber melting test, it was found that the
meltability decreased as the heat treatment temperature, time and mixing speed were
increased. This study also showed that processed cheeses melted better at 74 °C than
at 84 °C regardless of mixing. (Glenn et al., 2003). It has been reported that smaller
fat globules are formed and their dispersion rate in the protein increases as the
mixing speed increases in processed cheese production. Therefore, the color of the
final product was whiter, the dispersion of processed cheese decreased, and the
adhesiveness and hardness increased (Noronha et al., 2006). It is stated that large fat
globules increase the flow and dispersion properties of cheese, and therefore there is
an inverse proportion between the degree of homogenization and dispersion
(Tamime, 2011).

2.5 Functional Properties of Processed Cheese

The desired functional features of processed cheese can be divided into two main
categories including unmelted structural properties and melted structural properties
depending on the end-use application. The major unmelted structural properties
associated with processed cheese are hardness, fracturability, springiness, and
adhesiveness. On the other hand, the major melted structural properties associated
with processed cheese are meltability, viscosity, strechability and oiling Certain
processed cheese applications necessitate an optimal correlation between melted and
unmelted textural properties for their unique functional properties. For instance, an
ideal processed cheese slice for a toasted sandwich should not only have firmness,

cohesiveness, and restricted adhesiveness to provide appropriate machinability
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during manufacture, but it should also melt during toasting. As a result, the
functional qualities required for each processed cheese product type are distinct. The
unmelted textural properties can be measured by low temperature dynamic stress

rheometry and texture profile analysis (Kapoor and Metzger, 2008).

2.5.1 Textural properties

The texture of the processed cheese is an important quality criterion. A good
processed cheese should be homogeneous and uniform in color without air gaps
(Chambre and Daurelles, 2000). Different cheeses have different structural properties
depending on their composition and production methods. Hardness, cohesiveness,
springiness and chewiness can be measured instrumentally and associated with
sensory properties that are used to describe cheese texture (Gunesekaran and Ak,
2003).

Texture profile analysis (TPA) was done on a cylindrical sample of cold processed
cheese to measure its unmelted textural features such as hardness that describes the
firmness of the cheese. The data in the force-time graph obtained by two consecutive
compressions on the sample under the pressure plate were used to determine the
parameters like hardness, adhesiveness, springiness, cohesiveness, gumminess, and

chewiness through the software of the device.
As a result of the TPA measurement, the properties described below are obtained:

Hardness: It is defined as the force that must be applied to ensure a certain
deformation in the structure of the cheese sample. Hardness value of the cheese
sample is the point where the first compression ends and the retreat begins. Cheeses
are classified as soft, firm and hard with respect to their hardness values. According
to Henelly et al. (2005), decrease in hardness with rising moisture content are most
likely due to increased hydration of the protein matrix, which weakens protein-

protein connections and hence plasticizes the matrix.

Adhesiveness: It is the tendency of processed cheese to resist separation from the
material it comes into contact with. It is also defined as the work required
overcoming the force of attraction between the surface of the cheese sample and the

surface it contacts (tooth, tongue, package, palate or probe).
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Since consumers dislike items that are difficult to remove from the packaging, high
adhesiveness of processed cheese to the packaging material is one of the factors
restricting their consumption (Solowiej, 2012a).

Springiness: It is the tendency of the processed cheese to return to its original
dimensions when the applied force is removed.

Cohesiveness: It shows the strength of the internal bonds that form the structure of
the food material.

Fracturability: It is the tendency of processed cheese to break into pieces when
subjected to an external force.

Gumminess: It is defined as the energy required to break down a semi-solid cheese
sample until it is ready to swallow. It is also known as the chewability of the semi-

solid food items.

Chewiness: It is defined as the energy required to break down a solid cheese sample
until it is ready to swallow (Gunasekaran and Ak, 2003; Guinee et. al., 2004; Kapoor
and Metzger, 2008).

2.5.2 Meltability

The major melted structural properties associated with processed cheese are
meltability, viscosity, strechability and oiling off. Meltability is tendency of
processed cheese to soften and flow when heated. Processed cheese should maintain
a uniform flow with minimal oiling-off when used on heated food preparations.
Viscosity is the consistency and spread after it melts entirely. In the production of
processed cheese, the product must be meltable enough to be pumped, but the final
product must have the desired amount of meltability. The melted textural properties
can be measured by some techniques like Arnott test, Schreiber melt test, dynamic
stress rheometry, rapid visco analyzer and melt profile analysis (Gunasekaran and
Ak, 2003).

Meltability is a property directly proportional to the ripening index of cheeses
(Daniella et al. 2012). The mechanism of cheese melting is explained by changes in
the protein network of cheese structure. Natural cheese made from milk has a three-
dimensional network of para-caseinate, and the integrity of this structure is provided

by cross-links between proteins. The integrity of the para-caseinate network structure
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is provided by internal and external bonds such as various hydrophobic and
electrostatic attractions. When temperature is increased depending on pH or
emulsifying salt addition, partial hydration, coalescence, contraction and degradation
of oil-in-water emulsion are observed in the para-caseinate network structure (Fox et
al., 2000). As temperature rises in an aqueous environment, hydrophobic bonds of
proteins are strengthened. However, increasing temperature decreases the number
and intensity of other interactions such as hydrogen bonding. The change in force
equilibrium the influences interactions between casein and water. Cheese melting
involves major structural changes, including the transition of fat into a liquid state.
These adjustments have a substantial impact on cheese melting qualities. Milk fat
melts at temperatures ranging from 0 to 40°C, whereas the protein network softens
primarily between 30 and 70°C. The rheological qualities of the two phases work
together to determine cheese melting characteristics. Other major components of
cheese include casein and some serum proteins (present in the serum phase).
Although proteins do not melt, alterations in their interactions can result in flow
(Atik & Huppertz, 2023).

On the other hand, the type and quantity of protein sources have a major impact on
processed cheese characteristics. Casein's ability to form a gel network makes it ideal
for processed cheese applications, providing both a solid unmelted texture and a
fibrious, elastic melted texture. In contrast, whey proteins create a processed cheese
with limited melt properties and a heat-induced irreversible gel is formed (Salunke
and Metzger, 2022).

The oiling off property of processed cheese, also known as free oil formation or fat
leakage, occurs when liquid fat separates from the melted processed cheese body and
forms oil pockets, especially on the top (Wang & Sun, 2004). It has been suggested
that emulsified fat globules, as opposed to free oil trapped in protein matrix gaps, are
responsible for the generation of free oil. The interaction between fat and para-casein
plays an important role for free oil, as homogenization of milk or cream significantly
reduces oiling-off ability (Richoux et al., 2008). The quantity of free oil that forms is
closely correlated with the size of the fat globules. It has also been demonstrated that
cheese with increased fat content has more free oil (Rowney et al., 2003). Moderate
oiling off enhances the appearance of food, such as pizza, whereas excessive fat

leaking is regarded unacceptable (Wang & Sun, 2004).
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2.5.3 Rheological properties

Rheology is a field of study in food technology that focuses on the structure,
elasticity, and viscosity of food. The rheological features of processed cheeses were
determined by dynamic small-amplitude or large amplitude oscillatory rheology.
Cheese exhibits a viscoelastic behavior. In dynamic small-amplitude oscillatory
analysis, a small sinusoidal stress is applied to the cheese and the resulting response
is measured. Two viscoelastic properties are measured, one G' (elastic or storage
modulus) and the other G" (viscous or loss modulus). These two properties show the
liquid-like and solid-like properties of a substance. In addition to these, G"/G’, that is,
loss tangent, is determined. Examination of these parameters at the heating
temperature also shows the melting properties of the product (EIl-Bakry & Mehta,
2022).

While the G' value represents the energy stored and later released in the sample
structure as a function of the applied stress, the G” value represents the flow response
of the studied sample and represents the energy lost as a function of applied stress.
The fact that G' and G” values change with frequency suggests that the cheeses have
a viscoelastic character. If G’ is larger than G” throughout the frequency scan, this

indicates that the sample has an elastic feature (Celebi et al., 2020).

2.6 Effect of Formulation on Quality and Functionality of Processed Cheese

In processed cheese production, regulations for permitted ingredients allow
manufacturers to select from a diverse range of dairy products to optimize cost,
quality, and waste reduction. Native or minimally processed ingredients can reduce
waste and preserve milk components, such as whey proteins. Dairy byproducts can
be better utilized in processed cheese, such as salty whey, whey cream, or whey
butter. On the other hand, clean label concept is another driver for dairy ingredient
development, with various ingredients potentially replacing all or part of emulsifying
salts in processed cheese. There are studies that have a different perspective and a
new direction regarding processed cheese production. For example, Gupta and
Rueter (1993) replaced 20% of Cheddar cheese with whey protein concentrate.
Trisodium citrate was used as emulsifying salt and the amount of trisodium citrate
was increased from 2.5% to 3% with WPC addition. Consequently, it was realized
that firmness and meltability decreased with the addition of WPC. With the
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emulsifiying salt increase, a significant increase in melting in processed cheeses with
added WPC. Thus, it was understood that when using WPC in processed cheese,
adding emulsifying salt is an important factor to prevent low meltability.

In the study of Kapoor and Metzger (2004), it was aimed to explore the use of salty
whey that is expelled during the final step of cheese salting, when it dissolves into
the curd particles, resulting in whey expulsion. Most of this whey is drained or
physically expelled during pressing as an ingredient in processed cheese. Due to its
high salinity, salty whey is underutilized and leads to disposal costs. Pasteurized
processed cheese, pasteurized processed cheese food, and pasteurized processed
cheese spread were produced along with corresponding control samples. There were
no significant differences in composition or functionality of the cheeses compared to
the controls. The results suggested that salty whey can be used without affecting
cheese quality. As a result, using salty whey as a component in processed cheese
seems like a good substitute that might drastically cut down on the amount of salty

whey that needs to be disposed of and related costs.

Souza et al. (2014) studied the textural properties of processed cheese produced with
using milk protein concentrate and whey protein concentrate at pH 5.6 and 6.2. They
discovered that the proportions of WPC and MPC in processed cheese influenced the
hardness, elasticity, and adhesiveness of the processed cheese. When the WPC ratio
was increased from 25% to 100 % in the samples, higher hardness values were
observed because of the difference in the size of the aggregates of serum proteins
and/or the greater degree of denaturation at pH value of 6.2. When the amount of
MPC in the products was increased, a greater effect on elasticity and adhesiveness
was obtained because of the lower degree of denatured serum proteins and their
interactions with k—casein after thermal processing. Although using equal amounts of
MPC and WPC in processed cheese did not give good enough textural properties,

using only MPC made the cheese samples more texturally acceptable.

Solowiej et al. (2014) examined the texture, viscosity, rheological properties, and
meltability of processed cheese analogues using only acid casein (AC) or rennet
casein (RC) or 10% AC or RC plus whey protein concentrate80 or isolate (WPI). The
study found that the usage of RC resulted in harder cheeses that were good for
shredding but had lower melting qualities, especially when WPI and WPC80 were
added.
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The usage of AC with whey products, on the other hand, resulted in a spreadable-
type cheese equivalent that was less adhesive, more cohesive, and had better melting
qualities.

The study of Kelimu et al. (2017) examined the impact of sodium caseinate (SC) and
butter milk powder (BMP) on the particle size, rheological properties, emulsion
stability, and microstructure of hot cheese emulsions made from Cheddar and soft
white cheese. Results showed that SC had better emulsification ability than BMP,
suggesting a potential strategy to replace emulsifying salts in cheese powder
production that include cutting the cheese, adding water and emulsifying salts,

mixing, emulsifying and spray drying.

In the research of Solowiej et al. (2020), the impact of polymerized whey protein
isolate (WPI) as an emulsifying salt replacer on the properties of processed cheese
with acid casein (AC) was investigated. While the amount of WPI in the samples was
increased from 0.2% to 0.4%, the required amount of disodium phosphate was
reduced from 0.8% to 0.4%. Results showed that partial replacement of emulsifying
salts with WPI (as using 0.4% ES and 0.4% WPI) improved textural properties and
viscosity, but higher concentrations of WPI (>0.4) decreased hardness and
adhesiveness. The highest initial storage and loss moduli were recorded at a WPI
concentration of 0.4% which was also correlated with the highest hardness and
adhesiveness. Although the products with whey protein concentrate were better
emulsified and have good meltability, the best meltability was found in the sample
without WPI and with the lowest AC content in this research. According to the
authors, the ratio of water to protein should be increased in order to improve
meltability because the presence of unbound water facilitates the flow of cheese
particles during the heating process. The study suggests that WPI can be a potential

emulsifying salt replacer in processed cheeses.

Hammam et al. (2023) aimed to develop a novel processed cheese product (PCP) by
using cultured micellar casein concentrate (MCC) without emulsifying salts (ES).
Skim milk was pasteurized and microfiltered to produce liquid MCC, which was then
spray dried to produce MCC powder. Acid curd was obtained by acidification with
lactic acid bacteria at pH 4.6. Three PCP treatments were formulated with different
ratios of MCC and acid curd, targeting a composition with 19.0% protein, 45.0%
moisture, 30.0% fat, and 2.4% salt. Acid curd was prepared from MCC with different
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protein content (3, 6, and 9%). Use of acid curd relative to MCC at a ratio of 2:1 was
successful in producing PCP without ES. No significant differences were detected in
the composition of PCP made with different ratios of 3, 6, and 9%.The pH of PCPs
formed from acid curd and MCC was around 5.4, and there were no significant
changes between treatments made without ES. The pH differences between the
control and experimental PCPs can be related to the usage of ES, which is essential
for pH buffering and calcium chelation. The findings showed that the PCP produced
without ES was harder than the PCP used as a control with ES. The increased
hardness of PCP with no ES might be due to increased protein-protein interactions of
caseins at pH 5.4, causing a firmer product. There were no variations in the melting
diameter and melt area between the various PCP formulations. The control sample
resulted in increased meltability because of the high pH in this formulation compared
with other PCP formulations made without ES. The reason of this, increased protein-
protein interactions in PC made without ES. The research suggested that it is possible
to manufacture processed cheese without ES by a 2:1 ratio of acid curd relative to
MCC resulting in a largely de-aggregated casein network that functions similarly to

processed cheese produced with ES.

In the study of Salunke and Metzger (2022), MPC and MCC were used in various
proportions in processed cheese production. It was aimed to use more concentrates as
protein sources and less Cheddar cheese in PC production to understand the effect of
concentrates. The PC formulations that included disodium phosphate as emulsifying
salt were standardized to contain 15% and 25% MPC or MCC. Consequently,
processed cheese formulations containing MCC had high intact casein and lower
lactose and whey protein contents than processed cheese formulations containing
MPC. Furthermore, MCC25 had considerably higher textural properties than those of
the other treatments (MPC15, MPC25, and MCC15). The study discovered that
TPA-hardness was significantly increased with the increased amount of added
protein. A higher level of intact casein and a lower percentage of whey proteins in
MCC25 improved hardness. When compared to MCC-produced PC, MPC-produced
PC was softer. Overall, processed cheese manufactured from 25% MPC and 15%

MCC had similar textural properties.

There are also published patents about the production of processed cheese with new

methods or ingredients other than traditional methods. For instance, in a patent by
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Saarentola V., (2013) has invented a dairy based ingredient with good emulsification
properties that can be used in processed cheese production. This product is calcium-
depleted sodium caseinate that can be used instead of classical emulsifying salts. The
inventor suggested that calcium-depleted sodium caseinate is a good emulsifier and
free of whey protein. This emulsifier was used as an ingredient of two processed
cheeses including spreadable processed cheese and processed cheese slices. It was
observed that spreadable PC had favorable organoleptic features and texture, and
produced PC slices had similar structure as conventional processed cheese slices with
classical emulsifying salts.

The patent of Smith and Rivera (2017) focused on producing processed cheese
without significant amounts emulsifying salts, offering a cheese resistant to phase
separation and maintaining desirable organoleptic properties. The claimed method
involved generating a blend of Cheddar cheese and calcium-reduced casein source in
a cooker to produce a processed cheese product. The combination was pasteurized
and cooked to 71°C (160°F), with no major emulsifying salts. The processed cheese
product was manufactured in a variety of forms, including dips, spreads, blocks,
slices, and shredded cheeses. Numerous procedures, such as ultrafiltration,
diafiltration, cation exchange, acidification, dialysis, and chelation, were used to
create the calcium-reduced casein source. The calcium-reduced casein source
contained calcium up to 350 ppm. The processed cheese had a calcium-reduced
casein supply of 0.8 to 25% and less than 0.5% emulsifying salts. The produced
processed cheeses as a result of this invention were less salty, more uniform and had
a more aged cheese taste than traditional processed cheeses. The shelf life of the

produced processed cheeses was not different from the traditional one.
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3. MATERIAL AND METHOD

3.1 Materials

In the production of three different hard type processed cheese, strained yogurt
(Mychef, Metro Grosmarket Bakirkdy Aligveris Hizm. Tic. Ltd. Sti., Istanbul), Kasar
cheese (Ak Gida A.S., izmir), unsalted butter (Pinar A.S., Eskisehir), MPC (Slava
Ltd. Sti., Karaman), WPC (Barborassa Ltd. Sti., Istanbul), and table water (Erikli
A.S., Bursa) were used as raw materials. Both MPC and WPC had 70% protein in
dry matter. The chemical composition of the ingredients used in the production of

processed cheese is given in Table 3.1.

Table 3.1 : Chemical analysis results of the raw materials to be used in the research.

Dry . .
Protein  Lactose Salt Calcium

K ) S O B O B (O R
Strained yogurt
(Metro Chef, 2023) 17 5.5 7.5 4 0 0.14 4.2
Kasar
(icim, 2023) 56 26.2 23.2 1.7 1.6 0.58 5.3
Butter
(Pmar, 2023) 84 82 0.3 0.4 0 0.048 6.5
MPC70
(Huppertz and Gazi, 95 1.4 70 20 0.16 1.8 6.4
2017)
WPC70
(El-Bakry and 95 6 70 17 0.26 0.46 6.3

Mehta, 2022)

In order to compare the structural properties of the experimental processed cheeses
with those of the commercial processed cheeses, three different types of vacuumed
packaged commercial processed cheese samples were obtained from (Ak Gida A.S.,
[zmir) as control samples. The control cheeses were stored at 4°C until

measurements were made.
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3.2 Methods
3.2.1 Processed cheese formulation and experimental design

In this study, a basic processed cheese formula was developed according to the
composition of hard type processed cheese in accordance with the values in the
Turkish Food Codex as shown in Table 3.2 (TFC, 2015). Although 3 different
formulations have been developed, the reason why the same chemical composition is
preferred in all three formulations is to understand the effect of MPC and WPC.

Table 3.2 : The targeted chemical composition of the three types of processed

cheese.
Component Amount
Dry Matter (%) 48
Fat (%) 22
Protein (%) 21
Salt (%) 1
Calcium (mg/100g) 520-380

Only MPC was used in the first formulation of 3 different cheese types designed. In
the second formulation, WPC was added to the composition in equal proportion with
the amount of MPC. In the third formulation, only WPC was used in the
composition. The table of the 3 formulas targeted to be produced in the experimental

design is as shown in Table 3.3.

Table 3.3 : Processed cheese formulations developed according to the targeted
chemical composition.

Formulation 2

Ingredients Formulation 1 0 Eno Formulation 3

(%) (100% mpc) (O /"V'\\/"PPS 0% (100% MPC)
Strained Yogurt 23.5 23.5 23.5
Kasar 48.5 48.5 48.5
Butter 8.8 8.8 8.8
MPCT70 10.6 5.3 0.0
WPC70 0.0 5.3 10.6
Water 8.5 8.5 8.5

While these three formulations were produced twice, the amounts of ingredients used

in each batch are given in Table 3.4.
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Table 3.4 : The amount of the ingredients for one batch of processed cheese.

Formulation 1 Formulation 2 (50% Formulation 3
(100% MPC) MPC-50% WPC) (100% MPC)
Q) Q) (@)
Strained Yogurt 80 80 80
Kasar 165 165 165
Butter 30 30 30
MPC70 36 18 0
WPC70 0 18 36
Water 29 29 29
Total 340 340 340

3.2.2 Manufacturing of processed cheese samples

In this study, development of a hard processed cheese without using emulsifying
salts was aimed. Firstly, a hard process cheese composition was desired to be
obtained within the limits allowed by law. In addition, a process cheese with
meltability, textural and rheological properties of commercial hard process cheeses
was targeted. In development of formulation, the amount and type of natural cheese,
its composition, total calcium content, pH value, fat and other ingredients were
considered (Guinee, 2004; Kapoor and Metzger, 2008; Hammam et al., 2023). In
preliminary experiments, different types of ingredients at varying proportions were
tried to give the desired composition, taste, texture and functional properties to the
final product. When formulating processed cheese with certain physico-chemical and
functional properties, it is necessary to control the amount and type of natural cheese,
total calcium content, pH value, fat and other ingredients to obtain good structure
that is important for the quality of the processed cheese. In addition, when
calculating the amount of ingredients to be added in the formulation, the targeted
moisture, fat, protein, pH and calcium value of the final product and the legal
regulations specified in the regulations should be taken into consideration. It is
known that if the fat and moisture content of the melted cheese formulation is not
standardized, a product with the desired functional properties cannot be obtained

One of the major effects of emulsifying salts in process cheese is to convert the
insoluble calcium para-caseinate into soluble sodium para-caseinate with the help of
heat. This emulsification process allows the casein to function as an emulsifier of fat.
The most important parameter in this process is the binding of calcium ions by
emulsifying salts. In this way, the solubility of casein increases and the cheese

becomes meltable (Kosikowski and Mistry, 1997; Solowiej et al., 2020). Since no
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emulsifying salts was used in this study, an acid-precipitated casein with low calcium
content was preferred. Acid casein is a type of coagulated casein that is produced by
low pH and heat and contains all of the casein. Unlike rennet casein, the calcium
level is much lower in acid casein. For this reason, in this study, it was aimed to use
strained yoghurt as an acid casein source (Hammam et al., 2022). However, calcium
is still an important component for the final product structure. Therefore, in order to
bring the low calcium amount to a sufficient level, it was decided to add Kasar at the
last stage (Swaminathan et al., 2023). However, since the solubility and meltability
of acid casein is low and its solubility is not as good as rennet casein, different
protein sources should be preferred that will both increase the emulsion capacity and
provide sufficient protein ratio in the formula. MPC and WPC can be good
ingredients due to their functional properties and the amount of protein they will add
to the structure. These functional properties are expected to contribute to the
structural properties of the processed cheese (Crowley et al., 2014). On the other
hand, WPC has good solubility over a wide pH range. Therefore, using WPC with
acid casein at low pH levels can give good results. Additionally, since WPC can
provide a stable oil emulsion, it can prevent the oiling off observed in process
cheeses (Mleko and Foegeding, 2001). For these reasons, strained yogurt as acid
casein source, MPC, WPC and Kasar cheese were preferred in the targeted process
cheese. It was decided to add unsalted butter and water to the structure to ensure the
necessary moisture and fat ratios. At the same time, the water and butter added to the
structure can soften the cheese, and improve its melting properties (Guinee et al.
2004). Three different formulations with MPC and WPC were created to better

understand the effects of these ingredients in the processed cheese.

Flow chart of processed cheese production is given in Figure 3.1. In manufacturing,
three different formulations with 100% MPC, 50% MPC and 50%WPC, and 100%
WPC were produced twice on different days. As can be shown in Table 3.4, each
formulation was produced as 340 grams on the first production day in Thermomix
food processing machine (Thermomix TM6, Vorwerk, Wuppertal, Germany). The
same amount of three different formulations was produced as a second batch after 1st
day. First, MPC and/or WPC were mixed with strained yogurt, water and butter in

the Thermomix at 150 rpm for 30 minutes at 40°C.
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Protein concentrate (%10.6)

Acid curd (%23.5) Mixing
(40 °C, 100 rpm, 30
Butter (%8.8) minutes)
Water (%8.5)

Mixing and Kneading
(85 °C, 1000-2000 rpm, 5 Kasar (%48.5)
minutes) (shredded )

Moulding and cooling

Storage
(4°C)

Figure 3.1 : Flowchart of the manufacturing of processed cheese samples.

Then, shredded Kasar cheese was added to the product and the temperature was
increased to 85°C. Two-way mixing was performed at this temperature and at a
speed of 1500-2000 rpm, and the mixing process was continued for 7 minutes to
make the mixture homogeneous. The mixture was transferred to a cylindrical mould
with a diameter of 11 cm and held there until the temperature reached room

temperature, and then stored at 4°C for three days.

3.2.3 Physicochemical analysis of processed cheese samples

In gravimetric method was used at 105+2°C for dry matter determination (AOAC,
1997). Approximately 3 g of cheese sample was spread into a nickel container and
the cheese sample was dried at 105+2°C until reaching a constant mass. The cooled
containers were coded, tared and their tares were recorded. Approximately 3 g of

cheese sample was spread into a nickel container and the net weight of the cheese
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was recorded. Then, the cheese samples were dried at 105+2°C for 4 hours. The
samples in the dried nickel containers were placed in a desiccator, cooled, weighed,
and the total amount was recorded and the percentage dry matter content was
calculated (Metin and Oztiirk, 2002).

Fat content of processed cheeses was analyzed according to the Gerber method.
Briefly, 3 grams of sample was weighed into a butyrometer, 10 mL of sulfuric acid
was slowly added and then 3 mL of distilled water at 60°C was added. The cheese
sample wrapped in oil-resistant cellophane paper is placed in the butyrometer and
water at 60°C and 1 mL of amyl alcohol are added. To completely dissolve the
cheese particles, the butyrometer is shaken well and centrifuged at 1300 rpm for 5
minutes. The butyrometer is placed in a water bath at 65°C with the stopper down
and kept for 2-3 minutes. The fat content of the product is determined by reading the
fat percentage from the column of the butyrometer (IDF, 2008).

The Kjeldahl method was used for determination of the total protein content of the
cheese samples. One gram of the cheese sample was weighed and placed in the
Kjeldahl tube, 25 mL of concentrated sulfuric acid and a catalyst tablet were added to
the tube. The sample was burned in the combustion unit at 350-400°C until it
becomes clear. Next, the tube was distilled in the distillation unit after adding 35%
sodium hydroxide and ammonium released was distilled into 4% boric acid solution.
The amount of nitrogen is determined by titrating the distillate with 0.2N
hydrochloric acid solution. To determine the crude protein content of cheeses, %
nitrogen is multiplied by a factor of 6.38 (IDF, 2001).

pH values of cheeses were determined with a digital pH meter. Before determining
the pH values of the cheeses during storage, the cheese samples were kept at room
temperature (24°C) and then the pH meter was dipped into the cheese sample and the

reading was made.

In ash analysis, the porcelain crucibles were placed in the muffle furnace set at 550
°C and kept in the muffle furnace for 4 hours to reach a constant weight. The
crucibles removed from the muffle furnace were placed in a desiccator and allowed
to cool. After the cooling process, 3 g of cheese samples were weighed into the tared
crucibles and placed in the oven and the burning process was continued until a
constant weight was reached at 550°C. The % ash amount was calculated from the

difference between weighings (Metin, 2012).
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Amount of calcium was measured by the EDTA titration method (Kosikowski and
Mistry, 1997). In this method, the cheese sample was homogeneously ground with a
blender. Five g of sample was weighed and mixed with 150 mL of distilled water and
10 mL HCI (10%). Then, 2 mL 9 N NAOH was added and 2 drops of
calconcarboxylic acid indicator were added. Distilled water was added up to a
volume of 400 mL. After adding 8 mL of NAOH again, titration was performed with
0.1 N EDTA until a stable blue-gray color was obtained. The amount of EDTA used
was recorded. Then 1 mL of calcium chloride (2 g/L) was added. Titration was
performed again with 0.1 N EDTA until a stable blue-gray color was obtained.
Amount of calcium (mg/100 g) was calculated by the formula [(Total volume (mL)
of EDTA -1) x 200/sample mass (g)].

3.2.4 Structural analysis of processed cheese samples

The Arnott test was applied for meltability with modifications (Arnott et al., 1957).
Samples with a height of 14.5 mm and a diameter of 17 mm were taken from the
samples using a cylindrical cutter and wire mechanism. The samples were kept in
closed glass petri dishes to reach room temperature (20+1°C). The samples were
placed in a preheated drying oven and kept at 100°C for 15 minutes. A measuring
sheet scaled to consist of concentric circles alternating at 2.5mm intervals was used
(Appendix B). The measuring paper was placed under the petri dish and the radius of
the melting area was measured from 6 different points of the melting mass. Values
are reported according to the score scale on the measurement sheet. Measurements

were repeated twice.

Oiling off measurement was performed according to Kinstedt and Rippe (1990).
Cheese samples of 5 mm height and 17 mm diameter were taken from the samples. A
cylindrical cutter and wire apparatus was used to take samples. Before the samples
were analyzed, they were placed in Petri dishes and allowed to reach room
temperature. The samples placed in the middle of the preheated oven at 100°C. The
oil leakage that may occur after the samples kept in the oven for 10 minutes and at
room temperature for 30 minutes were determined by using the same scale paper

used in the meltability measurement. Measurements were repeated twice.

A texture analyzer (TA Plus Texture Analyzer, Lloyd Instruments, Fareham, UK)

was used to measure the textural properties of the samples. The measurement
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parameters were chosen based on the study by Van-Hekken et al. (2007). Samples of
14.5 mm height and 14.5 mm diameter were taken from the samples using a
cylindrical cutter and wire apparatus. The samples were kept at room temperature
(20£1°C) for equilibration. A 50 N load cell and a 2.5 cm-diameter cylindrical probe
were used in the measurements. A trigger force of 0,3N head speed of 100 mm/min
and a compression ratio of 50% were applied. Measurements were repeated twice.

A controlled-stress rheometer (Rheostressl, Thermo-Haake, Karlsruhe, Germany)
was used with a 35 mm diameter plate sensor. Samples were taken from the cheeses
with a cork borer with an internal diameter of 25 mm. Samples were extruded as a
cylinder from the cork borer using a plunger and sliced into a slice with a thickness
of 1 mm using a cheese slicer wire. Then, the sample was heated from 25°C to 90°C
at a rate of 0.07°C/sec. A frequency of 1 Hz and a strain of 0.005 were used. The
elastic modulus (G”) and loss modulus (G™) were measured as response.

Measurements were repeated twice.

3.2.5 Sensory analysis

Sensory analysis was carried out according to descriptive sensory analysis method by
panelists familiar with the processed cheeses. A scale between none (1) and extreme
(7) was used in the evaluation. Texture and flavor characteristics of the three
processed experimental cheese samples and a commercial control cheese were
evaluated by at least 15 panelists. A three-digit random numbers were used to code
the samples and the commercial control cheese. Two replicated sensory analyses

were performed at different times.

3.2.6 Statistical analysis

The statistical analyses were performed by using the Minitab Statistical Software
(Minitab 2018, Minitab, Coverty, United Kingdom). Effect of formulation on
measured properties of the cheese samples was evaluated by one way analysis of
variance (ANOVA). Tukey's test was used to compare means when a statistically
significant effect was determined. A significance level of 0.05 was used in the

analyses.
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4. RESULTS AND DISSCUSSION

4.1 Physicochemical and Structural Properties of Commercial Products

Commercial hard processed cheese samples with different fat content, reduced fat
PC, full fat PC1 and full fat PC2, were analyzed for composition and structural
properties to determine expected structure and the relation between composition and
structure. In physico-chemical analysis, dry matter, protein, fat, ash, pH and calcium
contents of the samples were determined. To determine the structural properties,
rheological, textural, meltability and oiling off properties were measured.

Physico-chemical properties of the samples are presented in Table 4.1. The physico-
chemical properties of the commercial samples had dry matter, fat and protein ratios
in accordance with the Turkish Food Codex. In general, PC samples had different dry

matter, fat, protein, ash and calcium contents.

Table 4.1 : Physicochemical properties of commercial hard processed cheeses.

Dry Matter Protein Fat Ash Calcium
Type Yy H
P (%) (%) (%) (%) (mg/100g) P

Reduced ab a c a b

fat 53.48+0.30 22.71+0.13 23.20+0.00 1.81+0.04  584%529 .38
Full fat b c b b b

PC1 53.270.05 20.73+0.17 2510+0.00 1.71#0.03  578t3.46  °:48
Full fat a b a c a

PC2 53.78+0.15 21.84+0.10 26.10£0.00 1.370.02  605+4.36  °49

! Mean + standard deviation (n=3). Means in a column not sharing a common superscript are different
(p <0.05).

According to the TPA analysis, the springiness, gumminess, chewiness, and stiffness
of these three different commercial samples were not different (Table 4.2.). On the
other hand, the hardness and cohesiveness of the samples were significantly
different. The hardness values of the samples were observed to be correlated to the

protein content.
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Table 4.2 : Textural properties of commercial processed cheeses.

Hardness Cohesi Springiness Gumminess Chewiness Stiffness

N) ohesiveness (mm) (N) (Nmm) (N/mm)

fa‘iduced 125+¢1.6 015:002° 4.00£0.03° 3.2+40.5°  12.8+21°  4.4%0.5°
PO P g5s03  01850.04° 300:0.02° 35+10°  136:46° 4247
FU” fat a a a a a a
hC2 151409 0.19$0.02% 4.10£0.03° 3.8+11°  155:54°  3.940.8

! Mean + standard deviation (n=3). Means in a column not sharing a common superscript are different
(p < 0.05).

When the melting and oiling off properties of the samples were examined as score,
the meltability values of the samples were found to be similar, but differences were
observed in the oiling off values (Table 4.3). The full-fat hard PC-1 sample was
found to be the processed cheese with the best melting properties but the highest
oiling off. On the other hand, oiling off was detected in all samples. Accordingly, it
can be said that the oil was not sufficiently emulsified in the structure in all samples
(Cumhur, 2008). Moreover, it has been determined that the differences in the
composition of hard PC samples do not have a statistically significant effect on
meltability. It is thought that this result is due to the variation in the analysis results
obtained, and this is due to heterogeneities in the sample structure or low

repeatability of the analysis method.

Table 4.3 : Meltability and oiling off of commercial processed cheese.

Meltability (score) Oiling Off (score)
Reduced fat 3.45+0.28? 0.70+0.16%°
Full fat PC1 3.57+1.05% 1.08+0.182
Full fat PC2 3.25+0.342 0.55+0.28"

! Mean + standard deviation (n=3). Means in a column not sharing a common superscript are different
(p <0.05).

Changes in elastic (G") and viscous (G"”) modules of commercial cheese samples
depending on temperature are presented in Figure 4.1a-b. Figure 4.1(a) shows that
the G' value of reduced fat PC is the highest, while full fat PC1 is the lowest, which
means reduced fat PC was more elastic than the other samples (Solowiej et al.,
2020). The G' decreased with increasing temperature from 20°C to 90°C, indicating
that the cheese matrix began to loosen with increasing temperature (Dularia et al.,
2023). At a certain temperature, G’ and G’ crossed over and this temperature was
taken as the flow point which is related to the meltability (Table 4.4). Flow
temperature of the full fat PC1 was the lowest, this result could be related to the high

fat and low protein content of this sample.
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Figure 4.1 : Rheological properties of commercial processed cheeses. (a) Elastic
modulus (G’) and (b) Viscous modulus (G”’).

In all commercial processed cheeses, values of G' and G" modulus decreased from
the starting values with the increasing temperature, indicating that elasticity was the

existing attribute of commercial products (Solowiej et al., 2020).
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As seen in Table 4.4, differences were observed in the flow temperature values of the
samples. The flow temperature was found to be directly proportional to the protein
content and inversely proportional to the fat content.

Table 4.4 : Rheological properties of commercial processed cheeses.

Yield stress at crossover

Type ooint of G-G" (Pa) Flow temperature (°C)
Reduced fat 2520+296° 65.33+0.76°
Full fat PC1 2975+285? 60.58+0.46"
Full fat PC2 2853+369° 61.24+1.59"

! Mean + standard deviation (n=3). Means in a column not sharing a common superscript are different
(p < 0.05).

The hardness and flow temperature values of the samples showed the differences
between the samples and it was revealed that these structural properties could be
controlled by regulating the composition.

4.2 Production of Processed Cheese Samples

In the production of processed cheese samples, a composition without emulsifying
salts was developed according to the national regulation and literature studies (TFC,
2015). The amounts of the ingredients to be used were calculated to provide this
composition. Strained yogurt was used as an acid casein source along with dairy
protein ingredients, MPC and WPC. Unsalted butter was used as a fat source. Kasar
cheese was used as the cheese ingredient but it is partially replaced by strained
yogurt and dairy protein ingredients as MPC and WPC. The compositions of the
three formulations were kept constant to better understand the effect of MPC and
WPC. MPC is known to have low rehydration capacity (Crowley et al., 2015).
Therefore, it was decided to mix the protein concentrates with water, strained yogurt
and butter at 40°C for 30 min at 100 rpm in order to dissolve MPC (Crowley et al.,
2014; Corredig et al., 2019). Thermomix that is a food processing unit that can
generate batches of 1-2 kg of product was preferred to mix, heat and knead the
ingredients because this device can mix and heat at the same time similar to the
steam cooking machine. MPC powder was dissolved with the ingredients sufficiently
within 30 minutes. Afterwards, the mixture was heated to 85°C and shredded Kasar
cheese was added and mixed at a speed of 1000 rpm. The structure of the sample
with MPC was hard and it was not stretchable to a high extent. The visual of the first

production sample before molding is given in Figure 4.2.
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Figure 4.2 : The visual of the first formulated sample with 100% MPC before
moulding.

In the production of the second formulation containing 50% MPC and 50% WPC, it
was observed that the powder mixture of equal amounts of MPC and WPC reached
total solubility faster than the first formulation. However, due to the principle that the
treatments should be the same for each formulation, the dissolution process of the
powder mixture was continued for 30 minutes. While the samples of the second
formulation were produced and molded, it was observed that the samples were softer
and more fluid than the sample with 100% MPC.

When 100% WPC powder was used in the formulation, it has been visually observed
that WPC dissolved much more easily unlike MPC. In addition, during production
and moulding, it was observed that the samples were softer and more fluid than the
samples with 100% MPC and 50% MPC-50% WPC. Contrary to what was observed
in the other two formulations, the strechability and elongation of the final product

was much higher.
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On the other hand, it was determined that the structure of the samples containing
100% WPC was not hard and appeared more heterogeneous (aggregations and
crumbly structure) during the molding stage. The visual of the sample of the third
formulation before molding is given in Figure 4.3.

Figure 4.3 : The visual of the sample of the third formulation with 100% WPC
before moulding.

After the samples of three different formulations were cooled and matured at 4 °C for
3 days, visual inspection of the products revealed that their structures were different
from each other. The visual of samples of three different processed cheeses produced
is presented in Figure 4.4. It has been observed that samples containing MPC are
better than samples containing 100% WPC in terms of structural integrity. Another
observable situation is that the product containing 100% WPC has crumbly structure,

structural disintegration and it is not as homogeneous as other samples.
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Figure 4.4 : The visual of samples from the three different processed cheeses.
4.3 Physico-Chemical Properties of Experimental Processed Cheeses

Physico-chemical properties of the experimental processed cheese samples had dry
matter, fat and protein contents in accordance with the Turkish Food Codex (Table
4.5). No differences were detected in the dry matter fat, protein, ash and calcium
contents of produced samples (p > 0.05) as expected because of the formulation
adjustment. There was a significant difference between the pH values of the
formulations where the lowest pH was observed in the sample with WPC. It has been
reported that the pH of processed cheese containing natural cheeses and emulsifying
salts can range between 5.4 and 5.8 (Hammam et al., 2023). In this research, the pH
of all formulations was in this range. Because of the effects on protein interactions,
pH changes could affect the structure and quality of final processed cheese, and

hence its functional qualities (Hammam et al., 2023).

Table 4.5 : Physicochemical properties of processed cheese samples.

Dry Matter Protein Fat Ash Calcium

(%) (%) (%) )  (mg/l00g) PH

Formulation-1

(100% MPC)

Formulation-2

(50% MPC- 46.15+1.67* 23.08+0.99* 25.85+0.35* 1.71+0.22%  431.0+32.5°  5.47+0.06®
50% WPC)

Formulation-3
(100% WPC)

46.04£1.30* 22.73+1.32° 26.10+0.00* 1.65+0.27% 571.0+4.2 5.55+0.02

44.75+2.31°  22.15+0.51* 25.35+0.35° 1.77+0.22°  429.5+98.3*  5.41+0.09°

! Mean + standard deviation (n=2). Means in a column not sharing a common superscript are different (p < 0.05).
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4.4 Textural Properties of Experimental Processed Cheeses

The results of the texture analysis are presented in Table 4.6. Type of protein
concentrate affected the textural properties of the processed cheese. The hardness of
the sample with 100% MPC was the highest. The reason for this result can be that
MPC has more intact casein and low amount of whey protein compared with WPC.
Using increased amount of whey proteins decreased the firmness of the processed
cheese (Salunke and Metzger, 2022). On the other hand, the hardness of the sample
with 50% MPC-50% WPC was found similar to that of the sample with 100% WPC.
This result could be due to the variation in the analysis results obtained originating
from the structural heterogeneity of the sample with WPC. Moreover, all hardness
values of the three produced formulations were significantly lower than those of the
commercial processed cheese samples (Table 4.2). According to Kapoor and
Metzger (2008), if the calcium content of the processed cheese higher, the hardness
of the processed cheese will also be higher. The total calcium content of PC has an
impact on its functional characteristics. The calcium content of the sample with
%100 MPC was the highest and this sample was the hardest one among the samples.
Additionally, the control samples contained emulsifying salts, but the three produced
formulations did not. El-Bakry et al. (2010) reported that when the amount of
emulsifying salts is higher, the hardness of the product is also higher. It was
explained that the emulsifying salts helps to form hydrogen bonds in the cheese
structure, which strengthen the composition of the cheese. This finding are also in

agreement with the hardness results of this research.
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Table 4.6 : Textural properties experimental processed cheeses.

Hardness Cohesiveness Springiness ~ Gumminess  Chewiness  Fracture force  Adhesive Stiffness
(N) (mm) (N) (Nmm) (N) force (N) (N/mm)
Formulation-1
.30+£1.61% .26+0.03? 4.11+0.372 2.43+£0.49° 10.02+2.492 .314+0.011*  0.32+0.102 2.19+0.762
(100% MPC) 9.30+1.6 0.26+0.03 0.3 3+0.49 0.0 9% 03
Formulation-2
(50% MPC-50%  3.84+1.28°  0.14+0.06° 2.78+0.78"  0.53+0.23"  1.61+0.97°  0.299+0.005°  0.18+0.07°  0.84%0.21°
WPC)
Formulation-3 b ¢ b b b b b b
.50+0. .07+0. .24+0. .31+0. .69+0. .302+0. 15+0.1 1.1040.2
(100% WPC) 4.50+0.65 0.07+0.01 2.24+0.58 0.31+0.10 0.69+0.32 0.302+0.006 0.15+0.10 0+0.26

! Mean + standard deviation (n=2). Means in a column not sharing a common superscript are different (p < 0.05).
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When the cohesiveness values of the produced samples are examined, it can be said
that the type of protein concentrate affects the cohesiveness of the processed cheese.
The cohesiveness value of the sample containing 100% MPC was found to be the
highest, and the sample containing 100% WPC was found to have the lowest
cohesiveness value. Whey proteins in the samples created certain heterogeneity,
especially in the sample with 100% WPC. The formulation containing 100% MPC
where casein was more dominant in the structure of cheese, had high cohesiveness

due to its strong protein network (Beykont, 2009).

Chewiness measurements of the formulations showed that the type of protein
concentrate influences the chewiness of the samples. Chewiness of the samples with
WPC was lower than that of the sample with 100% MPC. Guinee et al. (2004) stated
that as the calcium content of the cheese decreases, its structure softens, and its
chewiness decreases. As a result of the study, it was observed that the results
regarding hardness were parallel to the chewiness results. Similar trend was observed
in springiness, gumminess, chewiness, adhesive force and stiffness of the samples.
Sample containing 100% MPC showed higher results than the other samples. This
situation shows that using MPC instead of WPC in processed cheese produces a good
structure. This situation is in agreement with some studies in the literature (Salunke
and Metzger, 2022; EI-Bakry and Mehta, 2022). The differences in the proteins that
make up the MPC and WPC and the fact that MPC contain a higher casein content
which can form a tighter protein network and a homogeneous structure can explain
the textural results obtained. It has been reported that integrity and flexibility of the
processed cheese depend on the amount of protein, and that these properties express
the resistance of the structure to deformations and the number and strength of bonds

in the structure (Solowiej et al., 2020).

When the textural properties of the produced processed cheeses are compared with
the commercial control samples, it can be said that the first sample containing 100%

MPC is the closest sample to the control samples in terms of textural properties.

4.5 Meltability and Oiling Off of Experimental Processed Cheeses

The meltability scores of the three formulations were found different from each other

as shown in Table 4.7.
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Table 4.7 : Meltability and oiling off properties of experimental processed cheeses.

Sample Meltability Oiling Off
(score) (score)
Formulation-1 . .
(100% MPC) 2.96x0.05 0.74x0.42
Formulation-2 2 1740.25" 0.60£0.33°

(50% MPC-50% WPC)

Formulation-3
(100% WPC)

1. : Not detected.
2 Mean + standard deviation (n=2). Means in a column not sharing a common superscript are different
(p <0.05).

While the sample produced with 100% MPC had a value close to the meltability of
commercial control cheeses, the meltability of the sample produced with 50% MPC-
50% WPC was found to be lower. On the other hand, the third sample containing
100% WPC did not melt. The visual of samples after meltability analysis is presented
in Figure 4.5.

Figure 4.5 : The visual of samples after meltability analysis.

The results are consistent with the results of some previous studies. The addition of
more WPC resulted in a significantly substantial decrease in the meltability of
processed cheeses (Gupta and Reuter, 1993). In another study, whey proteins were
added to processed cheese analogs with rennet casein. When the final product
composition contains more protein, they have observed a decrease in the melting.

The authors claimed that the interaction between k-casein and fB-lactoglobulin is
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what caused the alterations in melting (Mleko and Foegeding, 2000). The decrease in
meltability is also connected with whey proteins acting as active fillers in the casein
network, resulting in a stronger mixed gel structure, as well as the fibrous structure
that these proteins produce around the fat globules. These finding is thought to be the
reason why the third sample containing 100% WPC does not show any melting or

oiling off,

When the oiling off results were examined, except the sample containing 100%
WPC, oiling off was observed in all other samples, including control samples. It is
known that there is no or very little oiling off in processed cheeses with good
emulsification (Cumhur, 2005). Improper emulsification of the processed cheese can
occur for a number of reasons, including insufficient or excessive emulsifying salt
levels, low final pH of the processed cheese, low level of intact casein in the
processed cheese, or insufficient or excessive processing temperature and/or time

during processed cheese manufacture (EI-Bakry and Mehta, 2022).

4.6 Rheological Measurements of Processed Cheese With MPC and WPC

Rheological properties of the processed cheese samples are shown in Figure 4.6. The
fact that G' and G" values change with frequency suggests that the cheeses have a
viscoelastic character (Celebi et al., 2020). Flow temperature was determined from
temperature sweep measurements. Flow temperature is the lowest temperature where
a sample changes from firstly elastic to viscous. The mean values of the melt
temperature of the three formulations are given in Table 4.8. The flow temperature of
the samples with 100% MPC and 50%MPC-50%WPC were found similar.

Table 4.8 : Rheological properties of the experimental processed cheeses.

Sample Yield stress at crossover Flow temperature
P point of G-G" (Pa) (°C)
Formulation-1 a a
(100% MPC) 12481241 58.51+3,58
Formulation-2 1063+380° 57.47+1.86°

(50% MPC-50% WPC)
Formulation-3
(100% WPC)

- Not detected.
2 Mean + standard deviation (n=2). Means in a column not sharing a common superscript are different
(p <0.05).
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Since the sample with 100% WPC did not show any melting, G' and G" did not
intersect and the melting temperature was not obtained. The lower melt temperature
of produced processed cheese samples compared with those of the commercial
samples can be related to low calcium in the formulations. As Kapoor and Metzger
(2008) and Kommineni (2022) mentioned in their studies, higher calcium level
causes a heat-induced irreversible gel resulting in a processed cheese with more
restricted melt properties. In addition, this may also be related to the use of
emulsifying salts in commercial processed cheese which contributes more fat
emulsification. The lower flow temperature of samples with 100% MPC and
50%MPC-50%WPC may also be caused by reduced degree of solubilization of the
proteins compared to those of the commercial samples (Kommineni, 2022).

Changes in elastic (G') and viscous (G”) modules of cheese samples depending on
temperature are presented in Figure 4.6a-b. The G' decreased with increasing
temperature from 20°C to 90°C, indicating that the cheese matrix began to loosen
(Dularia et al., 2023; Solowiej et al., 2020). A similar trend was found in other
studies (Guinee and O’Kennedy, 2009; Hammam et al., 2023). Furthermore, the
decreasing of G’ from 20 to 90 °C shows that the cheese matrix loses its solid
structure elasticity as the temperature rises. This is due to the weakening of casein
network and melting of fat (Salunke and Metzger, 2022). On the other hand, the G' of
the samples before flow temperature (intersection point) was higher than G".
According to the study of Hammam et al. (2023), this demonstrates that produced
processed cheese samples has more elastic behavior than viscous behavior before

flowing.
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Figure 4.6 : Rheological properties of experimental processed cheeses. (a) for
sample with only MPC and (b) for sample with MPC and WPC.

4.7 Sensory Properties of Experimental Processed Cheeses

Three produced processed cheese samples and a commercial control sample were
subjected to sensory evaluation. The sensory evaluation results are given in

Appendix B.
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When the textural and flavor properties of the control and trial cheeses were
examined by analysis of variance, it was found that the effect of the type of protein
concentrate used in the processed cheese formulations was often significant (p<0.05).

As a result of sensory evaluation, the hardness values of the samples were found to
be different from each other and the hardest sample was the control sample. The
control sample is followed by the sample containing only MPC in terms of hardness.
The sample with the lowest hardness was determined as the sample containing only
WPC. The results of instrumental textural analysis and sensory analysis indicate that

the hardness values were consistent.

When the cohesiveness values of the samples were examined, it was determined that
the type of protein concentrate used in the processed cheese had an effect on the
integrity and the sample with only MPC was similar to the control sample.

According to the elasticity results, the processed cheese with the highest elasticity
value was found to be the control sample followed and the experimental samples had
lower elasticity. It can be said that the results obtained in the sensory evaluation were
compatible with the instrumental springiness data. Chewability of the samples
followed a similar trend to that of elasticity, whereas there was no difference in

cream color and dullness values of the samples.

When the crumbly texture values were compared, it was determined that the sample
with only MPC was similar to the control sample. On the other hand, the samples
with WPC had higher crumbly texture. This trend can be attributed to the fact that
whey proteins cause more protein-protein interactions in the processed cheese. As a
result, the proteins aggregate together, producing a weaker cheese emulsion that has

a gritty and crumbly texture (EI-Bakry and Mehta, 2022).

When the textural properties are examined in general as shown in Figure 4.7, the
control sample and the sample with only MPC gave similar results in terms of
hardness, cohesiveness, elasticity and crumbly texture, but differed from the sample
containing 50% MPC and 50% WPC and the sample with only WPC. However, the
dullness and cream color properties of the control sample as well as the three

samples containing MPC and WPC were found to be similar to each other.
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Except for the dullness and cream color properties, the sample containing 50% MPC
and 50% WPC and the sample with only WPC gave lower scores in the texture

section of the sensory analysis compared to the sample with only MPC.

Hardness
5

) 4 ] = Control PC
Crumbliness 3 Cohesiveness

/ PC with 100% MPC
/0

PC with 50% MPC and

Dullness ' & Elasticity 50% WPC
PC with 100% WPC

Cream color Chewability

Figure 4.7 : Textural properties of the control and the experimental processed
cheeses.

In the second part, the taste characteristics of processed cheeses were examined as
shown in Figure 4.8. It was revealed that the control sample was the most similar to
Kasar in terms of flavor. The sample containing only MPC had more Kasar cheese
flavor compared to the samples with WPC. In addition, it is seen that the trends in
Kasar cheese taste and overall acceptability scores were similar. The reason for this
may be that Kasar cheese is one of the most consumed cheese types in Turkey. On
the other hand, there was no difference in sourness, sweetness, butter flavor and

saltiness of the cheeses.
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Saltiness

Figure 4.8 : Flavor attributes of the control and the experimental processed cheeses.

According to these results, the most appreciated sample in terms of taste
characteristics was the produced sample containing only MPC. If we need to rank the
scoring given in terms of structure from largest to smallest; the control sample, the
sample containing only MPC, the sample containing 50% MPC and WPC, and
finally the sample containing only WPC.
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5. CONCLUSIONS

This study aimed to produce processed cheese without emulsifying salts, which are
essential additives in processed cheese manufacture. For this purpose, strained
yoghurt was used as an acid casein source along with MPC and WPC. A basic
formula was developed to adjust dry matter, protein and fat contents by using
strained yoghurt, Kasar cheese, butter and a dairy protein ingredient. Three different
formulations were designed where dairy protein ingredient was 100% MPC, 50%
MPC-50%WPC and 100%MPC. Physicochemical analyses revealed that the dry
matter, fat, protein and ash contents of processed cheese samples were acceptable
according to the Turkish Food Codex. Type of dairy protein ingredient affected the
textural properties of the samples and the processed cheese with 100% MPC had the
highest hardness and other textural values. While the processed cheese with 100%
MPC and 50% MPC-50% WPC were meltable or flowable, the sample with 100%
WPC did not exhibit melting. Sensory analyses showed that experimental processed
cheese sample with 100% MPC was the most similar to control commercial sample

in terms of textural and flavor attributes.

This study showed that acceptable hardness, meltability and textural properties can
be achieved by using strained yoghurt as an acid casein source and MPC as a dairy
protein ingredient in the formulation of processed cheese. Further studies are
required for determination of storage stability in terms of structural and sensory

properties of the developed product.
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APPENDIX A : Meltability measurement scale
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APPENDIX B : Sensory analysis forms and results

DESCRIPTIVE SENSORY ANALYSIS
Descriptions: Examine each coded example for the following features. After
examining the example, write the code number of the example in the appropriate box
on the scale provided. A tile can contain more than one sample code. After tasting a
sample, clean your mouth by consuming the crackers and water given to you before
moving on to the next sample. Evaluate the control sample first, then evaluate the

other samples in the order presented to you.

Table B.1 : The sensory evaluation results.

A) TEXTURAL PROPERTIES

Feature Control Processed Processed Cheese Processed
Processed Cheese with with 50% MPC Cheese with
Cheese 100% MPC and 50% WPC 100% WPC
1) Hardness 4.46° 3.46° 2.58° 2.36°
2) Cohesiveness 4.88° 4.42° 2.96" 2.65"
3) Elasticity 4.65° 3.73° 2.72° 2.73¢
4) Chewability 4.08? 3.35% 2.60° 2.77°
5) Cream color 4.46° 4.46° 3.72% 3.85°
6) Dullness 4.54° 4.27° 4.28% 4.23*
7) Crumbliness 1.54° 1.88° 3.85° 4.16°
B) TASTE CHARACTERISTICS
) bagar cheese 6.19° 4.85" 3.00° 3.19°
2) Sourness 2.85% 2.88% 3.00% 3.23°
3) Sweetness 2.92% 2.92% 2.32% 2.42%
4) Butter flavor 3.31° 3.46% 3.08% 3.39°
5) Saltiness 3.622 3.00° 3.20° 3.23°
S%Eﬁrf(;gcmeese 1.31° 1.39° 1.28° 1,46°
Zg ;?er:;g” taste 1.27° 1.50° 1.44° 1.58°
8) Overall 5.72° 4.54° 3.40° 3.27°

acceptability

Y'Values are means (n=15). Means marked by different letters are significantly different (P <
0.05).

2 The scores in the table are the average of the scores given by the panel of 15 people (1 -
very little, 7 - very much).
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DEFINITIONS OF STRUCTURAL FEATURES

Table B.2 : Definitions of structural features of sensory analysis.

The force required to shatter the sample during initial chewing.

Hardness Cream cheese 1 — Raw carrots 7

The degree to which the sample disintegrates (crumbles) before
Cohesiveness disintegration during chewing.
Parmesan cheese 1 — Turkish Delight 7

The degree to which the sample returns to its original shape when
light pressure is applied.

Elasticity For example, the degree to which it returns to its original shape
(dimensions) after being partially chewed (without breaking into
pieces).

Cream cheese 1 — Turkish delight 7

The number of chews required to make the sample swallowable.

Chewalifity Yogurt 1 — Raw carrot 7

Cream color Milk 1 — Butter 7

Dullness Oil 1 — Margarine 7

Presence of small particles when the sample is crushed by hand.
Crumbly Feeling of solid particles in the mouth, for example when
texture chewing.

Cheddar cheese 1 —Parmesan 7
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