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MINOR COMPONENTS OF WHEY BUTTER 

(M.Sc. THESIS) 

ARAM MAHDI MOHAMMED 

ABSTRACT 

The present study was conducted to produce butters from whey (W) obtained from 

four different collection centers (UĢak, Adana, Burdur ve Konya) in Turkey, and to 

determine their minor components namely total protein, total carotenoids, total 

chlorophyll, tocopherols (α-, β- γ- and total) and minerals (Ca, P, Mg, K and Na). The 

obtained results were compared with the similar properties of two commercially produced 

milk butters.  

In general, the amounts of minor component were higher in the milk butters than 

the whey butters. However, a small difference was observed in terms of total tocopherol 

and distribution of tocopherol isomers, and the whey butters were high in chlorophyll 

content. The observed difference between the milk and whey butters suggests that milk and 

whey used for the butter production significantly differ in the chemical composition. There 

were also variations in the minor components of the whey butters. Type of cheese 

produced and the methods used for cheese manufacturing in each city of the collection 

centers were definitely the main sources that affected the final composition of whey. 

Moreover, the Na concentration was found high in two whey butters (Burdur and Konya), 

probably the result of salting or brine solution during cheese manufacturing, in which NaCl 

passes through whey. 

In conclusion, this study shows the significance of evaluating the minor 

components of butter. The obtained results would be the source of data for creating a codex 

for whey butter because the number of whey collection centers, as potential whey 

producers, increases today. 

Keywords: Whey, Butter, Protein, Carotenoid, Chlorophyll, Tocopherol, Minerals 
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PEYNİRALTI SUYU TEREYAĞINDAKİ MİNÖR BİLEŞİKLER 

(YÜKSEK LİSANS TEZİ) 

ARAM MAHDI MOHAMMED 

ÖZET 

Bu çalıĢmada, endüstriyel bir atık olan ve dört farklı ildeki toplama merkezlerinden 

(UĢak, Adana, Burdur ve Konya) sağlanan peyniraltı sularından (PAS) tereyağları üretilmiĢ 

ve tereyağların minör bileĢiklerinden olan toplam protein, toplam karotenoid ve toplam 

klorofil, tokoferol (α-, β- γ- ve toplam) ve mineral maddeler (Ca, P, Mg, K ve Na) 

araĢtırılmıĢtır. Elde edilen sonuçlar ticari olarak üretilen iki süt tereyağlarının benzer 

özellikleri ile karĢılaĢtırılmıĢtır.  

Minör bileĢiklerin miktarı, genel olarak, süt tereyağlarında daha fazla bulunmuĢtur. 

Ancak, tokoferol izomerlerinin dağılımının ve toplam tokoferol miktarının her iki 

tereyağında da birbirlerine yakın, klorofil miktarının ise PAS tereyağlarında daha fazla 

olduğu belirlenmiĢtir. Her iki tereyağı türünde görülen bu farklılıklar, kimyasal 

kompozisyonları farklı iki kaynağın, süt ve PAS‟ın, kullanılmasında dolayı oluĢmuĢtur. 

PAS tereyağları arasında minör bileĢiklerin dağılımı bakımından farklılıklar tespit 

edilmiĢtir. Bu farklılıkların, toplama merkezlerinin bulunduğu illerde üretilen peynir 

çeĢidinden ve uygulanan peynir üretim metodundan kaynaklandığı ve sonuçta ortaya çıkan 

PAS‟ın kimyasal kompozisyonu etkilediği belirlenmiĢtir. Ayrıca, iki PAS tereyağında 

(Burdur ve Konya), Na konsantrasyonu yüksek çıkmıĢ olup, muhtemelen peynirlerin kuru 

tuzlama veya salamura iĢlemlerine tabi tutulmaları sonucu tuzun PAS‟a geçmelerinden 

ileri gelmiĢtir.  

Sonuç olarak, bu çalıĢma, tereyağlarında minör bileĢiklerin belirlenmesinin önemli 

olduğunu göstermiĢtir. Elde edilen bu sonuçlar, günümüzde hızla sayısı artan PAS toplama 

merkezlerinde muhtemel üretilecek olan PAS tereyağları için hazırlanacak kodeks 

çalıĢmalarına veri sağlamada kaynak oluĢturacaktır. 

Anahtar Kelimeler: Peyniraltı suyu, Tereyağı, Protein, Karotenoid, Klorofil, Tokoferol, 

Mineral maddeler 
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1. INTRODUCTION 

Food waste is characterized by the unavoidably generation of specific by-products 

during processing. Waste disposal in food industry is of primary concern to environment 

and sustainability since most food waste contains organic and inorganic residues.  

In response to the growing interest for cheap and valuable food components, food 

by-products are considered as excellent sources of many components that possess 

functional and nutritional properties. Today, efficient use of by-products provides 

substantial economic gains for the countries and significant reduction in environmental 

pollution. Nowadays, the existent technologies allow the recovery of target compounds 

from the by-products and their recycling inside food chain as foods or functional additives 

in different products. 

Whey is the remaining liquid from the precipitation and removal of milk casein 

during cheese making. Whey is the main by-product of cheese making, and represents 

about 85-95% of the milk volume and retains 55% of milk nutrients (de Wit, 2001). It 

contains serum proteins, lactose, fats, mineral salts, and vitamins at different extent. Its 

composition varies considerably in relation to the milk and processes used for cheese 

making (Akyüz, 1979; Kurt, 1981; Kurt and Gülümser, 1988; Yalçın et al., 1994). 

In the past, whey was considered as a waste product, and disposed on to farmland 

or into waterways, or only as useful, in part, for animal feeding. However, whey dumping 

causes serious environmental pollution, having prompted governments and regulatory 

authorities to ban the disposal of untreated whey. Biological and chemical oxygen demand 

(BOD and COD) of whey have been reported to be 30-50 gL
-1

 and 60-80 gL
-1

, respectively 

(Siso, 1996; Smithers, 2008; Božanić et al., 2014; Yadav et al., 2015). The fat and lactose 

content are the most important factors that cause these BOD and COD values (Carvalho et 

al., 2013). These organic substances disrupt ecological balance because they use oxygen in 

soil and water; promote the growth of toxic algae and plant species and threaten human 

and animal health.  

Nowadays advances in processing technologies allow whey to be transformed into 

value-added products. Whey is treated or transformed via drying, concentration, filtration 

or fermentation to whey products i.e. whey powder, whey protein concentrate and isolate, 

lactose, casein and fat. Besides high nutritional value and health benefits, these products 

have several functional properties useful for water binding, gelation, thickening, 
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emulsification, foaming, whipping, taste and flavor, and find practical applications in 

infant foods, candies, soups, sauces, soft drinks, and processed meat, dairy and bakery 

products. 

According to the Turkish Statistical Agency (TÜĠK, 2017), 17-20% of raw milk 

produced in Turkey was used for cheese production, and only 500 KT of the produced 

whey is utilized to the products as liquid, concentrated and powder forms, and lactose. The 

amount of unutilized whey, roughly 2.5-3.0 MT per year, is discarded without any 

economic advantage. The butter production in Turkey was 52 KT in 2017. Since it was 

insufficient to meet domestic consumption, the agency reported that around 22.5 KT butter 

was imported annually. When considering the amounts of whey produced in Turkey, it is 

possible to produce appreciable amounts of butter. 
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2. SUBJECT, SCOPE AND PURPOSE OF THE RESEARCH 

In the literature search made in line with the possibilities, there was no information 

about the production and use of whey butter in Turkey. In addition, whey butter has not 

been studied extensively up to now. Therefore, whey butter was chosen as the subject in 

this research.  

This research was complementary to three previous researches completed on the 

butters made from whey obtained from different whey collection centers around Turkey: 

(I) basic characteristics, (ii) thermal and oxidative properties, and (iii) volatiles. 

This research aimed to determine and compare the amounts of minor components 

of the whey butters produced from the whey obtained from the collection centers in four 

cities (UĢak, Adana, Burdur and Konya) in Turkey. In order to achieve this goal, it was 

necessary to investigate the contents of proteins, carotenoids, chlorophylls, tocopherol 

isomers and minerals in the whey butters, and to compare the obtained data with those 

from the commercial milk butters. 
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3. LITERATURE REVIEW 

In parallel with the increase in population, the number of food producing 

enterprises in the world is also increasing. There is no doubt that this would increase the 

amount of food waste and, consequently, waste problems. Food processing byproducts are 

waste in solid or liquid form containing high amounts of organic compounds. For this 

reason, effective assessment of this waste is important in terms of prevention of 

environmental pollution and protection of ecological balance.  

Today, food by-products have been considered as cheap sources of nutritional and 

functional components, and as important food supplies to rapidly increasing world 

population. The developing technologies provide the recycling of the targeted components 

found applications in the food chain as nutrients or functional additives (Galanakis, 2012). 

The intensive and large-scale production of milk and milk products has generated 

huge amounts of whey and buttermilk, and an enormous disposal problem for the dairy 

industry. These by-products are primarily whey and butter milk, and contain a variety of 

readily biodegradable organic compounds i.e. lactose, fats and water-soluble proteins. 

3.1. Whey 

Whey is a green-yellowish liquid obtained after the precipitation and removal of 

milk casein in cheese making processes. About 9 L of whey is generated for every 

kilogram of cheese manufactured. Milk components that are polar or charged in nature 

such as lactose, whey proteins, and most minerals generally remain dispersed in the water 

phase during cheese making. Many of these compounds are therefore partitioned into whey 

(Table 3.1), i.e. fat and casein proteins aggregate into a curd whereas soluble whey 

proteins, lactose and minerals are drawn off in the whey (Beliveau, 2012). 

Differences in milk quality and cheese making processes result in variations in the 

composition and sensory properties of whey. In general, whey represents 85-95% of the 

volume and 50% of the solids of milk used in the cheese making. The solids in whey (6-

7%) are comprised of about 4.5-6.0% lactose, 0.6-0.8% water soluble proteins, 0.3-0.5% 

lipid and 0.8-10% (in dry matter) mineral salts (Ben-Hassan and Ghaly, 1994; Yalçın et al., 

1994; Siso, 1996; Smithers, 2008; Yadav et al., 2015). Whey also contains appreciable 

amounts of lactic acid, non-protein nitrogen compounds, and vitamin B (Siso, 1996; 
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Bonnaillie and Tomasula, 2008; Smithers, 2008; Dragone et al., 2009; Yadav et al., 2015). 

Whey is classified into two groups based on the production process. Sweet whey 

results from the manufacture of hard cheeses, e.g., Cheddar, Mozzarella, Swiss, Brick, and 

Gouda, whereby the coagulum is formed by enzymatic (rennet) coagulation at minimum 

pH 5.6. Acid whey is produced from the manufacture of fresh cheeses, e.g., Cottage, 

Cream, Ricotta and Chevre, where the coagulum is achieved at maximum pH 5.6 by 

acidification. Compare to sweet whey, acid whey have higher levels of acidity and ash with 

Ca and P (Table 3.2) (Siso, 1996; Abd El-Salam et al., 2009; Tsakali et al., 2010). The 

composition of whey varies depending on animal species, breeding, the stage of lactation, 

forage, season, milk composition, cheese processing and whey type (Tsakali et al., 2010). 

 

Table 3.1. Selective concentration of milk component during cheese manufacturing 

Components % Lost to whey Components % Lost to whey 

Water 95.5 Whey protein 92.9 

Lactose 96.0 Casein 4.0 

Fat 7.5 Salts 50.0 

(Beliveau, 2012) 

 

Table 3.2. Chemical composition of whey on liquid basis 

 Milk Sweet whey Acid whey 

Water (%) 85.5-90.6 93.0-94.0 94.0-95.0 

pH 6.5-6.7 5.6-6.4 3.6-5.6 

Total solids (%) 10.5-14.5 6.0-6.8 5.0-6.8 

Protein (%) 2.3-4.4 0.6-1.0 0.8-1.0 

Fat (%) 2.5-4.0 0.3-0.5 0.1-0.4 

Lactose (%) 3.6-5.5 4.5-5.1 3.8-4.4 

Ca (mg/L) 800-2000 349-365 900-950 

P (mg/L) 890-1580 430-510 550-580 

Mg (mg/L) 80-220 63-65 80-90 

K (mg/L) 1096-2326 1230-1400 1500-1530 

Na (mg/L) 320-594 395-455 390-400 

(Wong et al., 1978; Early, 1998; de Wit, 2002; Huppertz et al., 2006; Walstra et al., 2006; Tsakali et al., 

2010; Smithers, 2015; Yadav et al., 2015) 
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3.2. Whey Products 

Over the last few decades, dairy companies have applied different technologies to 

process cheese whey resulting in its separation into its principle components, comprising 

fractions enriched in proteins, lactose and minerals (Figure 3.1) (Mollea et al., 2013). 

These technologies have been generally based around crystallization, membrane and 

chromatographic processes. The separation of whey components allows use them in variety 

of food products for specific purposes, e.g., emulsification, gelation, foaming, solubility, 

water- and fat-holding capacity and nutritional value (Casper et al., 1999; de Wit, 2001; 

Walstra et al., 2006; Mollea et al., 2013) (Figure 3.2). 

3.2.1. Liquid, condensed and powdered cheese whey 

Concentration and drying is the simplest operation used in whey utilization. Typical 

traditional operations consist of evaporation in multistage vacuum evaporators, and/or 

followed by spray or roll drying. These forms of whey are, in general, produced from 

sweet whey, and maintained for a longer period of time, facilitating storage and 

transportation (Kosikowski, 1979).  

 

 

Figure 3.1. Products of whey processing 
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Figure 3.2. Whey and whey products used in foods  

 

The principal market for liquid whey is animal feeding, but smaller quantities have 

been found applications in food industry after clarification and pasteurization (dairy 

products, bakery products, meat products, confectionary, beverages, infant foods, soups 

etc.).  

Factors such as excessive saline taste and problems related to high lactose content 

(hygroscopicity, lumping, caking and browning) interfere with the use of whey powders in 

food products. However, recent technologies allow the production of demineralized, 

delactosed, deproteinized and defatted or fat-enriched whey concentrate (40-62% dry 

matter) or powders (5-6% moisture). These products are added to fruit juices, sport and 

carbonated beverages, dairy products (cheese, yogurt, milk shake and ice cream), bakery 

products (bread, cakes and biscuits), infant foods, soups, chocolate, coffee cream and 

souses for the replacement of defatted milk and milk powder. They balance aroma and 

sweetness, increase nutritional value, decrease calorie and prevent lactose crystallization 

and texture defects (Kosikowski, 1979; Siso, 1996; Early, 1998; Beckett, 2002; de Wit, 

2002; Kelly, 2002; Mahoney, 2002). 

“Rivella”, a bitter-sweet carbonated beverages, has been produced from liquid or 

concentrated whey in Sweden and Canada since 1950, because their aroma profile 

resemble citrus aroma (de Wit, 2002). 

Whey Products

Whey
Whey 

Concentrated/Powdered

Whey Protein

Concentrated/Powdered Lactose

Animal feeds X                X X X X

Human foods

Baby foods X                                       X X X X

Diet foods X                                       X X X X X

Meat products X                                       X

Soups X         X X

Bakery products X                 X X X

Salad dressing X                   X

Cheese                                                  X                   X

Beverages X                                                                                                      X

Confectionaries X         X X X

Yeast production X
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Whey powder plays important role together with emulsifiers in bakery products to 

improve aroma, crust color, loaf volume, texture and keeping quality (de Wit, 2001; 

Smithers, 2008; Mete, 2012).  

3.2.2. Whey protein products 

Whey protein comprises the group of milk proteins, and corresponds to about 18–

20% of the total milk proteins. The major protein components of whey include α-

lactalbumin (α-LA), β-lactoglobulin (β-LG), bovine serum albumin (BSA), and 

immunoglobulins (Ig), representing, 50%, 20%, 10% and 10% of the whey fraction, 

respectively. Besides, whey contains minor proteins such as lactoferrin (LF), transferrin 

(TF), lactoperoxidase (LPO), proteose peptone (PP), osteopontin (OPN) and lysozyme 

(LZ) (Huppertz et al., 2006; Abd El-Salam et al., 2009; Buffoni et al., 2011; Santos et al., 

2012; Kukovics and Németh, 2013; Mollea et al., 2013; Yadav et al., 2015). 

Whey proteins are globular proteins with a limited number of disulfide bonds, 

conferring a certain degree of structural constraint and impart stability. Whey proteins are 

more heat-sensitive, less calcium-sensitive, and can engage in thiol-disulfide interchanges 

to form oligomeric structures than milk casein (Kinsella and Whitehead, 1989) 

Several studies have been reported that milk proteins possess important health 

benefits such as the transport of retinol, palmitate, fatty acids, vitamin D and cholesterol, 

the induction of apoptosis in tumor cells, the prevention of cancer, the host defense against 

organisms requiring iron, the antimicrobial and antiviral activity and the antiviral activity 

against HIV (Santos et al., 2011; Mollea et al., 2013). Also, whey proteins have higher 

PER (protein efficiency ratio), and contain essential, sulphur-containing and branched-

chain amino acids (Siso, 1996; Ha and Zemel, 2003; Smithers, 2008; Yadav et al., 2015). 

In this regard, whey protein products are useful for feeding of babies, elderlies, patients 

and athletes (Regester et al., 1992; Smithers et al., 1996; Fox, 2002; Walzem et al., 2002; 

Smithers, 2008). 

Whey protein products are excellent food ingredients in GRAS (Generally 

Recognized as Safe) status, and widely used in food industry, because of their unique 

functional characteristics (Jayaprakasha and Yoon, 2005; Abd El-Salam et al., 2009). 

These characteristics are related to their interaction with water, proteins, carbohydrate, 

lipids and air. Eventually, whey proteins possess the abilities of forming viscosity, texture, 

emulsification, gelation and foam, and binding water (Table 3.3). However, these abilities 
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strictly depend on the amino acid composition and sequence, conformation, shape, size, 

flexibility, net charge, molecular hydrophobicity, denaturation degree of whey protein 

molecules. The production methods of WPI (e.g. isolation, purification and drying) and the 

properties of foods (e.g. chemical composition pH and ionic strength) where WPI is used 

also largely determine the functional properties of WPI (Kinsella and Whitehead, 1989; 

Foegeding and Luck, 2002; Walzem et al., 2002; Dec and Chojnowski, 2006; Abd El-

Salam et al., 2009).  

 

Table 3.3. Functional properties of whey and milk proteins 

Functions 

 Whey Proteins 
Milk Protein 

Concentrate  WPC WPI 

Solubility  xxx xxx xx 

Emulsification  xx xx x 

Foaming  xx xx x 

Water binding  x x x 

Viscosity  x x x 

Jelling  xxx x --- 

Heat stability  x x x 

Acid stability  xxx xxx x 

Freeze-thaw stability  x x x 

x, poor; xx, good; xxx, excellent. 

(Singh, 2002) 

 

 

Worldwide production of individual whey proteins represents a challenge to food 

technologist to find interesting ways for its utilization. Developments in industrial 

membrane separation including microfiltration, ultrafiltration, nanofiltration and reverse 

osmosis allow the production of whey protein products showing more uniform 

composition and consistent functional behavior in foods.  

Whey protein products available in markets are concentrates (WPC), isolates 

(WPI), protein fractions (α-LA, β-LG, LF, LPO and casein glycomacropeptide) and 

hydrolysates (WPH) (Bonnaillie and Tomasula, 2008; Abd El-Salam et al., 2009; Santos et 

al., 2012).  
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3.2.2.1. Whey protein concentrates (WPC) 

Ultrafiltration is the most commonly method used in the manufacture of WPC. It 

has been alone or in a combination with other processes such microfiltration, nanofiltration 

electrodialysis, reverse osmosis or gel filtration. The principal aim of ultrafiltration of 

whey is to concentrate the native or pre-denatured whey proteins in order to obtain a whey 

protein powder by evaporation under reduced pressure and spray drying (Siso, 1996; Abd 

El-Salam et al., 2009; Tsakali et al., 2010). WPC has been produced in different protein 

levels (35-80%) (Table 3.4). WPC-35 products are mainly used as replacers for skim milk, 

and WPC-60 for egg white in a number of bakery and confectionery applications, whereas 

WPC-80 products are well known for their specific properties in meat and fish products (de 

Wit, 2001). 

The lactose and mineral content in whey can be further reduced using a subsequent 

diafiltration, yielding high value retentate of about 85% protein (Walstra et al., 2006; Abd 

El-Salam et al., 2009; Tsakali et al., 2010) (Walstra et al. 2005, Abd El-Salam et al. 2009, 

Aswani 2010, Tsakali et al. 2010). 

 

Table 3.4. Composition of WPC with different protein content 

Composition (%) 

WPC (%, dm) 

35 50 65 80 

Moisture 3.8 3.8 3.8 3.8 

Crude protein (Nx6.38) 36.2 52.1 63.0 81.0 

True protein 29.7 40.9 59.4 75.0 

Lactose 46.5 30.9 21.1 3.5 

Fat 2.1 3.7 5.6 7.2 

Ash 7.8 6.4 3.9 3.1 

Lactic acid 2.8 2.6 2.2 1.2 

dm: dry matter; (Tetra-Pak, 1995) 

 

WPC finds varieties of applications in various food formulations due to its excellent 

nutritional and functional properties. However, the end use of WPC depends on its protein 

content and the composition of other constituents (Jayaprakasha and Yoon, 2005).  

WPC are commonly added to bakery, dairy and meat products, chocolate, candies, 
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frozen dessert, sauces, whipped toppings, custards, mayonnaise, puddings, confectionaries 

etc., in order for replacing fat, binding water (preventing syneresis), given body, and 

forming and stabilizing foam, gel and emulsification (de Wit, 2001; Foegeding and Luck, 

2002; O'Connor and O'Brien, 2002; Walzem et al., 2002; Abd El-Salam et al., 2009). 

In dairy products, WPC improves the slicing properties of cheeses and the 

rheological characteristics of yogurts by strengthening the gel structure, to prevent the 

separation of serum phase and increasing the water-holding capacity (Gonz lez-Martı nez 

et al., 2002; Sodini et al., 2006; Guggisberg et al., 2007; Aziznia et al., 2008). WPC has 

been used to increase solids and protein content in milk and cheese and to replace fat in 

low-fat dairy products (Tunick, 2008). 

Foods with the low biological value of protein such as bakery products and candies 

are fortified with WPC to increase their nutritional value. Also, WPC is intentionally used 

in some bakery products where the Maillard reaction is desired for aroma and color 

formation. (Parris et al., 1993; Beckett, 2002; de Wit, 2002; Lucey, 2002; O'Connor and 

O'Brien, 2002; Saunders, 2002; Jyotsna et al., 2007).  

In sport drinks and beverages, undenaturated WPC with good solubility at wide pH 

ranges and smooth taste improves the structure as well as the nutritional value (de Wit, 

2002). WPC also maintains the structure and strength of continue phase in margarines 

(Early, 1998). 

The defatted WPC with 80% of protein content are specifically designed to replace 

egg white in foods such as meringue, frappes, whipped toppings and sponge cake that 

contain gel or foam structure. The advantage for using defatted WPC instead of egg white 

is that WPC cannot be overwhipped, which is a problem by using egg white (Kinsella and 

Whitehead, 1989; de Wit, 2001).  

WPC is often added to meat and fish products to improve texture, bind flavor, and, 

increase water- and fat-holding capacities because softness, juiciness and body are 

important quality parameters for the products (Kinsella and Whitehead, 1989; de Wit, 

2001; Foegeding and Luck, 2002; Singh, 2002).  

WPC improves the structure and palatability of confectionery products by 

enhancing the miscibility of formula ingredients because of their emulsifying properties, 

and contribute to lightness during whipping and the structure of the products during 

cooking (de Wit, 2001).  
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3.2.2.2. Whey protein isolates (WPI) 

WPI contains a protein content of 88-95%, and β-lactoglobulin and α-lactalbumin 

are its major constituents (Bonnaillie and Tomasula, 2008). WPI is a white to light cream-

colored powder with a bland taste and clean flavor. It is prepared from the whey skimmed 

by microfiltration, and demineralized by ionic exchange, electrodialysis or nanofiltration. 

Further purification is performed via diafiltration or combination of ion exchange 

chromatography and ultrafiltration. Finally, the purified retentate is concentrated and spray 

dried (de Wit, 2001; Foegeding and Luck, 2002; Kelly, 2002; Ha and Zemel, 2003; Tsakali 

et al., 2010). The WPI produced via ion exchange chromatography contains less casein and 

glycomocropeptides compared to that produced via microfiltration (Abd El-Salam et al., 

2009).  

WPI functions as water-binding, gelling, emulsifying and foaming agents in food 

products. WPI gels has been reported stronger and more elastic than WPC gels because of 

the higher β-LG and lower fat, lactose, and phospholipids contents (Bonnaillie and 

Tomasula, 2008). 

WPI is extensively used in sports and nutritional supplements including beverages, 

sports drinks and nutrition bars due to its high protein purity, mineral content and solution 

clarity (Foegeding and Luck, 2002; Singh, 2002; Sun et al., 2007; Tunick, 2008).  

WPI has been found to provide better emulsion stabilities in the chilled and frozen 

foods compared to casein and Tween-20 via the prevention of droplet coalescence by 

forming relatively thick interfacial layers around the droplets (McClements, 2008).  

In set-type yogurt, WPI yields better consistency and microstructure (Guggisberg et 

al., 2007). It is used for the production of some cheese types (e.g. Ricotta) (Lucey, 2002). 

Addition of WPI to muscle protein improves moisture retention (Tunick, 2008). WPI can 

be used as edible films to prevent lipid oxidation and to extent shelf-life of nuts, and to 

impart a smooth and glossy appearance to dried food or confectionery products (Dangaran 

and Krochta, 2008). Denaturated WPI at alkali conditions results in stringy texturized 

meaty fibrous products, which could be used in meat applications (Onwulata, 2008). 

3.2.2.3. Whey protein hydrolysates (WPH) 

WPH contains no less than 90% protein, and is produced from heated WPI by 

enzymatic hydrolysis or acids followed by drying. Hydrolysis alters the functional 

properties of WPH, and the degree of hydrolysis is dependent on the purpose of its use. 



13 

The degree of hydrolysis for ranges from 4% to 20%. (Foegeding and Luck, 2002; Abd El-

Salam et al., 2009; Archer, 2016).  

Whey protein hydrolysis yields peptide mixtures, which improve the foaming 

ability and the emulsion stability, and reduce the aggregation in gel during thermal 

processing. WPH is also used to reduce allergenicity and increase the intestinal absorption. 

Therefore, it commonly finds the applications in infant foods and medical foods used for 

the patients with allergic symptoms to milk protein. In general, the higher the degree of 

hydrolysis, the more heat stable and hypoallergenic the WPH. Lower levels of hydrolysis 

are associated with improved functionality in foaming, emulsification and gelation (Siso, 

1996; Foegeding and Luck, 2002). 

3.2.2.4. Whey protein fractions 

A growing demand for specific proteins for use in infant and medical foods, and 

sport drinks has encouraged processors to fractionate whey proteins. Several methods 

based on differential solubility at different pH, temperature and ionic strength have been 

developed to separate the two major whey proteins, β-lactoglobulin and α-lactalbumin in 

relatively rich fractions (Foegeding and Luck, 2002; Ng-Kwai-Hang, 2002; Huppertz et 

al., 2006; Abd El-Salam et al., 2009).  

β-Lactoglobulin is the major whey protein. It comprises 50% of total whey 

proteins, and is rich in cysteine, a sulphur-containing amino acid. It is very resistant to 

acids and enzymes in stomach due to its globular structure (Ng-Kwai-Hang, 2002; ADPI, 

2016).(Huppertz et al., 2006; Abd El-Salam et al., 2009). β-Lactoglobulin is found in WPI 

higher than in WPC, providing better water-binding, emulsifying and gelling properties 

(Ng-Kwai-Hang, 2002; Yadav et al., 2015; ADPI, 2016). Also, it may bind to hydrophobic 

molecules such as fatty acids and retinol because of its great foaming and gelation 

properties (Heino, 2009). In general, β-Lactoglobulin is added to the food formulations for 

fortification (Walzem et al., 2002). It is moderately heat-stable, and this property has been 

exploited in fish products, formulated foods, acidic protein fortified beverages, and meat 

processing (Kinsella and Whitehead, 1989). 

α-Lactalbumin is a compact globular protein, and accounts for 25% of total whey 

protein. It is rich in essential amino acids such as lysine, leucine, threonine, tryptophan and 

cysteine. It is commonly added to infant formulas to resemble the protein composition of 

breast milk, and to sport drinks to balance the amino acid composition (Walzem et al., 
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2002; ADPI, 2016). α-Lactalbumin binds calcium, which may stabilize the molecule 

against irreversible thermal denaturation (Kinsella and Whitehead, 1989). However due to 

the limited solubility, α-Lactalbumin is not suitable for the foods required gel or foam 

structure (Archer, 2016). α-Lactalbumin has been reported to support the defense 

mechanism and reduce the risk of cancers (Walzem et al., 2002).   

3.2.3. Lactose and its derivatives 

Lactose, known as the milk disaccharide, is composed of one glucose and one 

galactose molecule. Lactose is an important source of dietary energy and enhances the 

intestinal absorption of calcium from foods (de Wit, 2001).  

Whey contains 4-5% lactose, and is commonly used for the lactose production. The 

deproteinized, defatted and demineralized whey is condensed to 60-65% of solids before 

crystallization, separation and purification. Lactose obtained from whey can be in the form 

of crystal powder, syrup or concentrate (Harper, 1992; Muir, 2002; Schaafsma, 2002; 

Kellam, 2016). 

Lactose has been used in a wide range of food products. For soups, sauces, instant 

drinks, confectionary products, spice mixes and meat products, lactose is used to reduce 

sweetness, to enhance aroma and color, to improve dispersibility and free-flowing, and to 

increase storage life. Reduced sweetness, delayed crystallization, improved color and 

aroma, better mouthfeel, texture and chewiness, and improved shelf life are the major 

reasons for using lactose along with sucrose, glucose and fructose in confectionery 

products. In bakery products, lactose increases the dough resistance to mixing and 

fermentation, improves the dough machinability, boosts the browning reactions for 

enhanced crust color and flavor, and improves emulsifying properties of shortenings 

resulting in higher volume, uniform cell structure and desirable texture. Other applications 

of lactose are the coating of food particles and encapsulating liquid flavoring and coloring 

materials (Harper, 1992; de Wit, 2002; Schaafsma, 2002; Kelly, 2007).  

Hydrolyzed lactose products by enzymes or acid/heat treatment have an opportunity 

to produce a range of products with specific functional properties. They overcome lactose 

intolerance, and increase sweetness and solubility, because lactose itself is rarely absorbed by 

humans, comparatively low in sweetness, hardly soluble in water, and tends to crystalize at high 

concentration levels with a resulting 'sandy' mouthfeel (Harper, 1992; Mahoney, 2002; 

Muir, 2002; Schaafsma, 2002; Walzem et al., 2002; Kellam, 2016). 
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Hydrolyzed lactose has been used in (i) ice cream to replace sucrose, (ii) yogurt  to 

stimulate development of the lactic acid bacteria, increase acetaldehyde production, improve 

hydrophilic properties and structure, and impart a smoother texture, (iii) confectionary products to 

increase chewiness, reduce lactose crystallization, and improve darker color and flavor, (iv) bakery 

products to increase volume and porosity, improve crumb compressibility and reduce fermentation 

time, and (v) beverages to avoid problems of protein precipitation. (Harper, 1992; Zadow, 1992).  

Lactulose, lactitol, lactobionic acid, lactosyl urea and lactose-containing 

oligosaccharides are the main lactose derivatives, and obtained by enzymatic conversion, or 

hydrogenation or isomerization in the presence of metal catalysts. They have advantages over 

lactose as less or more sweetness, higher solubility, lower absorption, and higher stability at low 

pH‟s and high temperatures (Harper, 1992; Zadow, 1992; Walzem et al., 2002). 

3.3. Butter 

Butter is a traditional food used worldwide and essential for human nutrition. Due 

to its high fat content, it is an important source of energy and contains many other 

nutritionally important components, such as saturated and unsaturated fat acids, 

phospholipids, cholesterol, minerals and fat-soluble vitamins which support overall body 

function, along with various health benefits (Göktürük et al., 2002; Kwak et al., 2013).  

The main quality parameters that characterize butter are fat and water contents 

(Dvoř k et al., 2016). Butter is a water-in-oil emulsion with a minimum fat content of 

80%, in which water content should not exceed 16% and non-fat milk solids generally 

constitute 2% (TGK, 2005). The composition and the rheological properties of butter vary 

greatly depending on the stage of lactation, diet, dietary supplementation, season of the 

year and diseases (Hawke and Taylor, 1983; Nickerson, 1995; Fox, 2000). 

Butter products are broadly classified as sweet cream (unsalted/salted), cultured 

(unsalted/salted), or traditional sour cream butter. Lactic acid and flavor producing 

microorganisms (Lactococcus lactis subsp. lactis and cremoris, Lactococcus lactis biovar 

diacetylactis and Leuconostoc mesenteroides subsp. cremoris) yield cultured cream butter, 

in contrast to `sweet cream' butter which is made of uncultured cream. The flavor of sweet 

cream butter is mild and creamy, that of cultured butter is more intense (Frede, 2002). 

For manufacturing commercial butter “continuous buttermaking” is typically used 

but the traditional small-scale on-the-farm method is the batch procedure, using rotational 

or upside-down churning. The churning process disrupts the membrane surrounding the fat 
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globules, and releases the free fat from the globules, ultimately resulting in a solid fat 

phase (butter), and an aqueous phase (buttermilk) (Frede, 2002). 

Whey contains 0.3-0.7% of fat depending on the type and manufacturing processes 

of cheese. It adversely affects the functional properties of whey protein products e.g., water 

holding, foaming, emulsification, thickening and gelling. Therefore, it must be removed 

before the production of whey protein products. Recently, whey has been considered 

another source of butter manufacturing. Because of its low fat content, whey is centrifuged 

several times to obtained a cream with a fat content of 45-50%, which is heated and 

acidified to manufacture of butter (Gonz lez-Martı nez et al., 2002; Abd El-Salam et al., 

2009).   
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4. MATERIALS AND METHODS 

4.1. Materials 

All chemicals were of analytical reagent grade, and obtained from the local 

distributer of Sigma (Germany). Deionized distillated water was used throughout. All 

working standard solutions were prepared immediately before use.  

Whey butters were prepared from whey provided by four collection centers located 

in different cities, namely, UĢak, Adana, Burdur and Konya. The chemical compositions of 

whey samples are given in Table 4.1. In addition, two unsalted milk butters commercially 

available were used for the comparison purpose.  

 

Table 4.1. Chemical composition of whey (W) samples  

 
Uşak 

(W-1) 

Adana 

(W-2) 

Burdur 

(W-3) 

Konya 

(W-4) 

pH 6.00 
a
 6.10 

a
 5.93 

a
 6.00 

a
 

Titratable acidity (%, lactic acid) 0.28 
a
 0.29 

b
 0.32 

c
 0.28 

a
 

Water (%, w/w) 93.53 
a
 93.39 

a
 93.86 

b
 93.70 

b
 

Fat (%, w/w) 0.45 
b
 0.44 

b
 0.34 

a
 0.35 

a
 

Non-fat dry matter (%, w/w) 6.20 
c
 6.17 

c
 5.80 

a
 5.95 

b
 

Salt (%, w/w) 0.35 
b
 0.26 

a
 0.45

 c
 0.51 

c
 

(Kasapçopur, 2016) 

 

4.2. Whey Butter Production 

Whey butters used in this study was obtained from the previous study (Kasapçopur, 2016). 

Briefly, whey sample was clarified at 5900 rpm (GEA, Denmark), batch-pasteurized 

(GEA, Denmark) at 80-85 °C for 15-20 s, and then passed through a fat separator (Haus, 

Turkey) multiple times until the fat content of cream was reached to 45-50%. The cream 

was batch-pasteurized at 90 °C for 15-20 s followed by cooling to 8 
o
C. The cream was 

allowed to crystallize for 3 h, and immediately churned into butter (GEA, Denmark). The 
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churning process took for 10 min. The butter grains were mixed continuously with cold 

water (6-8 °C) to drain out buttermilk. Finally, the butter was wrapped in aluminum foil, 

vacuum-packed in pouches and kept at 4 
o
C until further analysis (Figure 4.1). The 

chemical composition of butters is given in Table 4.2. 

 

 

Figure 4.1. Whey butter production steps 

 

 

Table 4.2. Chemical composition of butter samples 

 

Uşak 

(WB-1) 

Adana 

(WB-2) 

Burdur 

(WB-3) 

Konya 

(WB-4) MB-1 MB-2 

Titratable acidity (% 

lactic acid) 
0.41 0.47 0.53 0.55 0.40 0.41 

Moisture (%, w/w) 20.01 18.83 20.61 19.87 15.25 15.20 

Fat (%, w/w) 79.27 79.97 78.23 79.47 82.97 82.93 

NFDS (%, w/w) 0.73 1.20 1.16 0.66 1.78 1.86 

Salt (%, w/w) 0.09 0.06 0.11 0.13 0.07 0.07 

(Kasapçopur, 2016); WB; whey butter; MB, milk butter; NFDS, non-fat dry solids 

Whey

Pasteurization

80-85  C 

15-20 s

Pasteurization

90  C 

15-20 s

Churning

6-8 C  
Separating

Cream

40-50% fat

Butter grains

Butter

Working

Cold storing

+4  C 

Washing
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4.3. Protein Content 

Total protein content of butter samples were determined by Velp Kjeldahl UDK139 

(Italy) (Figure 4.2) according to the Method No 991.20 (AOAC, 2012). Result is expressed 

as the percentage of protein (w/w) in total nitrogen basis after multiplying the total 

nitrogen by a factor of 6.35. 

 

 

Figure 4.2. Velp UDK139 semi-automatic Kjeldahl distillation unit 

 

4.4. Total Carotenoid and Total Chlorophyll  

Carotenoid and chlorophyll contents of the butter samples were determined 

spectrophotometrically (Minguez-Mosquera et al., 1991). Briefly, 7.5±0.25 g butter was 

weighed, dissolved in cyclohexane, and taken to a final volume of 25 mL. The maximum 

absorption was determined for carotenoid at 470 nm and chlorophyll fractions at 670 nm, 

using a Lambda 45 spectrophotometer (Perkin Elmer, USA) (Figure 4.3). The coefficients 

of specific extinction for carotenoid and chlorophyll were taken as 2000 and 613, 

respectively. Their concentrations were calculated as follows: 

                         
        

          
 (4.1) 
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  (4.2) 

Where A is the absorbance and L is the spectrophotometer cell thickness (1 cm). 

The data reported is based on butter weight. 

 

 

Figure 4.3. Perkin Elmer Lambda 45 spectrophotometer 

 

4.5. Tocopherol Isomers 

Tocopherols in the butter samples were determined according the standard method 

of International Organization for Standardization (ISO, 2012). The butter samples 

(5±0.25 g) were dissolved in 25 mL n-heptane and centrifuged at 4000 rpm for 5 min. The 

supernatant was transferred to a 100-mL volumetric flask. The procedure was repeated 

twice with 25 mL n-heptane. The combined supernatants were filtered with a 0.45 µm 

PVDF filter (Pall Life Science, ABD), and evaporated to dryness under a nitrogen stream. 

The butter samples were reconstituted with the mobile phase immediately prior to analysis 

by HPLC. 

Detection and quantification were carried out with a Shimadzu Prominence HPLC 

equipped with CBM-20A Prominence System controller, SIL-20AC Prominence 

Autosampler, LC-20AT Prominence pump and RF-10AXL fluorescent detector that was 

set at 295 nm for excitation and 330 nm for emission (Kyoto, Japan) (Figure 4.4). 

Chromatographic separation of the tocopherol isomers was achieved at 30 °C, using a 

250 mm4.6 mm5 µm Luna Silica column with a 104.6 mm guard column 

(Phenomenex, USA). The mobile phase was consisted of n-heptane/Tetrahydrofuran (95/5) 
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(v/v) at a flow rate of 1.2 mL/min, and the injection volume was 20 µL. Tocopherol 

isomers were identified by comparing the retention times with those of authentic individual 

tocopherols (Sigma Chemical Co., St. Louis, MO, USA) dissolved in mobile phase (Figure 

4.5), and expressed as mg per kg butter.  

 

 

Figure 4.4. Shimadzu Prominence HPLC with RF-10AXL fluorescent detector 
 

 

 

Figure 4.5. HPLC chromatogram of tocopherol isomers 

 

4.6. Mineral Content 

Total concentrations of five elements (Ca, K, Mg, Na, and P) in the butter samples 

Alfa

Beta

Gamma

Delta

Ex:295nm; Em:330nm
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were determined according to the EPA standard method (EPA, 2014) by an inductively 

coupled plasma optical emission spectrometer (ICP-OES) (Optima 2100DV, Perkin Elmer, 

USA) (Figure 4.6). Argon (99.999% of purity) was used as sample introduction and plasma 

gas. Butter samples (0.25±0.05 g) were microwave digested with 3 mL HNO3 (65%) and 2 

mL H2O2  at up to 200 °C for 40 min in closed vessels. The microwave digestion was 

carried out in a Berghof MWS3+ (Germany) oven equipped with pressure and temperature 

control. Microwave experiments were done in closed DAP60 vessels. The microwave 

digestion program was applied as follows: Step 1: 160 °C, power 50%, 5 min; Step 2: 200 

°C, power 75%, 5 min; Step 3: 100 °C, power 40%, 20 min. Each sample was digested in 

triplicate and analyses were carried out once on each digest. Prior to the ICP-OES analysis, 

the digested samples were diluted to 25 mL with ultra-pure laboratory Milli-Q water 

(Millipore, USA). The operating conditions for the measurements with ICP-OES are given 

in Table 4.3. Calibration curves were developed using standard solutions of 0.25-2 mg/kg 

obtained by dilution from a multi-element standard containing 1000 mL/L of Ca, K, Mg, 

Na, and P (Sigma Aldrich., USA) with HNO3 (65%). 

 

 

Figure 4.6. Perkin Elmer ICP-OES with microwave digestion system 

 

4.7. Statistical Analyses 

All analyses were replicated three times for each sample. All data was analyzed 

using one-way analysis of variance (ANOVA), and significant differences between means 

were measured with Duncan's multiple range tests at p<0.05 using the SPSS (ver.23) 

statistical program (IBM, ABD). 
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Table 4.3. Operating conditions for ICP-OES analysis 

Operation Parameters  

RF power (W) : 1450 W 

Generator frequency (MHz) : 40.68 MHz 

Flash time : 10 s 

Reading time : 30 s 

Washing time : 30 s 

Plasma gas flow rate : 17 L/min 

Nebulizer gas flow rate : 0.8 L/min 

Auxiliary gas flow rate : 0.2 L/min 

Sample flow rate : 1.5 mL/min 

Spray chamber : Rayton Scott 

Nebulizer : GemTip Crossflow 

Injector :2 mm (i.d.) Alumina 

Wavelength (nm)  

K : 766.490 

Na : 589.592 

Ca : 317.933 

Mg : 285.213 

P : 213.617 
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5. RESULTS AND DISCUSSION 

5.1. Total Protein Content 

Protein is found in the aqueous phase of butter, and its volume fraction is very 

small. The protein content of butter samples ranged from 0.14 to 1.20% (Figure 5.1). The 

reported value of protein content for milk butter is between 0.24-1.10% (McPherson and 

Kitchen, 1981; Lindsay and Lovatt, 1994; Pham et al., 1994; Willix et al., 1998; Rossmann 

et al., 2000; Morin et al., 2006; Rombaut et al., 2006; Nahid, 2007; Samet-Bali et al., 

2009), and the results for the milk butter samples in this study (1.20 and 1.13% for MB-1 

and MB-2, respectively) are in agreement with the reported values.  

According to one-way ANOVA, the difference in the protein content among the 

samples was found to be statistically significant (p<0.05). Duncan Multiple Range 

categorized the butter samples in three groups: (i) WB-1 and WB-2, (ii) WB-3 and WB-4, 

and (iii) MB-1 and MB-2. The whey butter samples had significantly lower protein content 

than the milk butter samples (p<0.05).  

 

 

Figure 5.1. Protein contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 
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Whey butters produced from the whey collected from UĢak (WB-1, 0.88%) and 

Adana (WB-2, 0.81%) had significantly higher protein content than those collected from 

Burdur (WB-3, 0.16%) and Konya (WB-4, 0.14%) (p<0.05). 

In general, the protein content is directly related to the moisture content of butter, 

i.e., the higher the moisture content the higher the protein content. Although the milk butter 

samples used in this study (Table 4.2) (Kasapçopur, 2016) and the literatures (McPherson 

and Kitchen, 1981; Lindsay and Lovatt, 1994; Pham et al., 1994; Willix et al., 1998; Morin 

et al., 2006; Rombaut et al., 2006; Nahid, 2007) had similar moisture content (15-16%), 

they were different in their protein content. Nahid (2017) found no relation between the 

moisture and protein contents. Similarly, the whey butter samples in this study had high in 

the moisture content (18.83-20.61 %); however, low in the protein content (0.14-0.86%) 

compared to the milk butter samples. In addition, they showed variations within 

themselves depending on the collection center. Therefore, milk and whey compositions 

(nonfat solid content), and cheese and butter processing techniques probably affect the 

final protein concentration in butter. It was reported the changes in protein concentration of 

butter, as aff ected by the number of washing cycles (Britten et al., 2008). 

5.2. Total Carotenoid Content 

The yellow coloration is generally considered an important quality attribute for 

milk products especially for butter, which is related to the carotenoid other similar pigment 

concentration in the butter (Nozière et al., 2006; Agabriel et al., 2007; Beliveau, 2012). 

Carotenoids are a family of fat-soluble pigments ranging from light yellow through orange 

to deep red. They are biosynthesized by all photosynthetic bacteria, cyanobacteria, algae, 

higher plants and by some non-photosynthetic bacteria, fungi, and yeasts. They are 

partially transferred into lipidic fraction of animal products, and contribute the nutritional 

and sensory characteristics of dairy products, particularly of milk, butter and some cheeses 

(Nozière et al., 2006; Beliveau, 2012). Among the carotenoids, β-carotene is an effective 

quencher of singlet oxygen and free-radical scavenger, and has been found to protect 

riboflavin against light-induced degradation and the lipids against photooxidation (Hansen 

and Skibsted, 2000; Chow, 2013).  

Total carotenoid content of the butter samples is illustrated in Figure 5.2. The butter 

samples analyzed in this study contained 1.07-3.88 mg/kg of total carotenoid. According to 

one-way ANOVA, the difference in the carotenoid content among the samples was found 
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to  

 

Figure 5.2. Carotenoid contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05)  

 

be statistically significant (p<0.05). MB-2 (3.88 mg/kg) contained more carotenoid than 

MB-1 (2.59 mg/kg) (p<0.05). This difference in milk butters is probably related to 

differences in the milk composition and butter manufacturing process.  

The whey butter samples were relatively low in carotenoid content compared to the 

milk butter samples (p<0.05). Kasapçopur (2016) reported that butters made from the milk 

were more yellow color than those made from whey according to his Hunter Lab analyses. 

The whey butters produced from the whey collected from Adana (WB-2, 1.31 mg/kg) and 

Burdur (WB-3, 1.33 mg/kg) had significantly higher carotenoid content than those 

collected from UĢak (WB-1, 1.13 mg/kg) and Konya (WB-4, 1.07 mg/kg) (p<0.05). 

However, the similarity of the carotenoid content was found between WB-1 and WB-4, 

and between WB-2 and WB-3 (p>0.05).  

The carotenoid concentration in butter reported in the literature vary greatly among 

studies, ranging from 0.38 to 8.20 mg/kg (Berl and Peterson, 1945; Herzer and Gieger, 

1946; Shukla et al., 1994; Göktürük et al., 2002; Hulshof et al., 2006; Belitz et al., 2009a; 

Beliveau, 2012; Gaucheron, 2013; O‟Callaghan et al., 2016; Kahyaoğlu and Çakmakçı, 
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2018). Several factors have been identified to account for the variability in the carotenoid 

content such as animal species, breeding, lactation, health status, heritability, season, 

nature of forage, production factors, storage conditions, milk yield, fat content and 

microorganisms (Göktürük et al., 2002; Nozière et al., 2006; Beliveau, 2012; O‟Callaghan 

et al., 2016; Kahyaoğlu and Çakmakçı, 2018). Data in this study for the milk butter 

samples are within the range found in the literatures. 

Carotenoids are sensitive to a number of different physical and chemical factors 

including air, oxidizing agents, ultraviolet light, pH and temperature. Consequently, the 

processing of milk to produce butter or cheese, which involves both heating and 

acidification, as well as the packaging and storage environment may result in degradation 

of carotenoids. In addition, some may be lost in the cheesemaking process. Although 

carotenoids are fat soluble, not all fat in milk is retained in the cheese produced, and a 

small proportion of carotenoids have been shown to be associated with whey proteins. 5-

40% of carotenoids have been reported to be lost to the whey during the process (Lucas et 

al., 2006; Agabriel et al., 2007; Beliveau, 2012). This explains the low content of 

carotenoids in whey butters. 

5.3. Total Chlorophyll Content 

Recent studies indicated that protoporphyrin, hematoporphyrin, chlorophyll-a and 

chlorophyll-b are found naturally in milk and dairy products (Wold and Lundby, 2007). 

The presence of chlorophyll in dairy products can be explained by the diet of milking 

animals. The animals fed with green pastures contain more chlorophyll compounds in their 

milk. Besides, type of dairy products, storage and processing methods are effective on the 

variation in the chlorophyll content (Wold et al., 2005; Wold and Lundby, 2007; 

Esmaeilifard et al., 2016). 

Although the concentrations of these compounds are very low in dairy products, 

they are sensitive to light and give significant contribution to photo-oxidation. The light-

induced degradation of these compounds in dairy products, e.g. cheese, butter and dairy 

spreads, is highly correlated with oxidized odor and off-flavor (Hansen and Skibsted, 2000; 

Wold et al., 2005; Andersen et al., 2008). 

Total chlorophylls were detected in the milk and whey butter samples by UV/Vis 

spectrophotometer at 670 nm and the result is presented in Figure 5.3. The total 
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chlorophyll content was 10.60 µg/kg for MB-1 and 2.45 µg/kg for MB-2, and ranged from 

29.36 to  

 

Figure 5.3. Chlorophyll contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 

 

85.64 µg/kg for the whey butters. From the statistical analyses, it was observed that all 

samples were significantly different from each other (p<0.05). In general, whey butters 

showed marked differences than milk butters (p<0.05). The highest chlorophyll content 

was found in the WB-3 obtained from the Burdur collection center while the lowest in the 

WB-4 obtained from the Konya collection center. WB-1 from the UĢak and WB-2 from the 

Adana collection centers had total chlorophyll contents of 44.05 and 61.17 µg/kg, 

respectively. 

As a result of the literature search made in line with the possibilities, no reported 

value was found on the chlorophyll content of whey butter. For milk, however, only one 

study reported the chlorophyll content in butters as 0.12-0.17 mg/kg (Esmaeilifard et al., 

2016). In comparison with this result, the milk and whey butters in this study had much 

more lower chlorophyll content. As indicated above, several factors, e.g. from animal 

spices through processing conditions can affect the chlorophyll in butters. 
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5.4. Tocopherol Isomers 

Tocopherols are widely distributed in a variety of plants. Tocopherols consist of 

four tocopherols and four tocotrienols (α-, β-, γ- and δ-) isomers, and possess antioxidant 

activity. Tocopherols, as well as tocotrienols, can react with peroxy radicals and, therefore, 

are very effective to prevent autoxidation (Frankel, 1998; Chow, 2013; Desouky, 2014). 

The contents of individual tocopherol isomers are presented in Table 5.1. In all 

tested butter samples, α‐T was the predominant isomer, and constituted 93-95% of all 

tocopherols present. Similar results were found in the studies of Derewiaka et al. (2011), 

Gaucheron (2011), Chow (2013) and Górnas et al. (2014) who reported 90-95% of total 

tocopherol was in the form of α-T isomer. The study showed that the milk butter samples 

contained around 3% more α-T than the whey butter samples.  

The proportion of the β-T in total tocopherol content was 1-2%. The concentration 

of the γ‐T in the butter samples was 4-6% of all tocopherol isomers as reported by 

Stolyhwo and Rutkowska (2007). No δ-T was found in all tested butter samples. Schwartz 

et al. (2008) and Chow (2013) also reported the absence of δ-T in butter. Neupaney et al. 

(2003) noted that the β-T and δ-T isomers were not significantly detected in milk butter. 

However, Górnas et al. (2014) studied 12 butter samples by HPLC, and determined the 

presence of small quantities of δ-T (0.1-1.8 mg/kg) while they did not detect β-T. They 

reported the concentration of γ-T as 1.0-3.1 mg/kg. Due to the fact that butter is a natural 

product, its tocopherol composition might vary in animal type and breed, feeding regimes, 

seasons and processing conditions (Kanno et al., 1968; Bauernfeind and Desai, 1977; 

Göktürük et al., 2002; Górnaś et al., 2014). 

Table 5.1. Tocopherol contents of butter samples 

 
Tocopherol content (mg/kg) 

Samples α-T β-T γ-T Total-T 

WB-1 25.56 
b 

0.40 
b 

1.06 
c 

27.02 
b 

WB-2 25.77 
b 

0.41 
b 

1.07 
c 

27.25 
b 

WB-3 25.53 
b 

0.40 
b 

1.41 
b 

27.33 
b 

WB-4 25.50 
b 

0.42 
b 

1.39 
b 

27.31 
b 

MB-1 26.37 
a 

0.41 
b 

1.73 
a 

28.50 
a 

MB-2 26.35 
a 

0.50 
a 

1.44 
b 

28.28 
a
 

Means followed by different letters within same columns indicate significant differences among butter 

samples at p<0.05) 
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All butter samples from milk and whey contained 27.02-28.50 mg/kg of total 

tocopherol. Tocopherol content was higher in the milk butters than the whey butters 

(p<0.05). Duncan‟s multiple comparison test indicated, however, there was no significant 

difference between the milk butter samples and among the whey butter samples (p>0.05). 

The reported concentration for total tocopherol ranged from 10 to 50 mg/kg with 

the average value of 25 mg/kg (Atuma, 1975; Hewavitharana et al., 1996; Zamarreño et 

al., 1999; Göktürük et al., 2002; Neupaney et al., 2003; Stolyhwo and Rutkowska, 2007; 

Schwartz et al., 2008; Belitz et al., 2009b; Derewiaka et al., 2011; Chow, 2013; 

Gaucheron, 2013; Górnaś et al., 2014). The results obtained in this study are well 

correlated to those given in the literatures for butters produced from milk. 

5.5. Minerals 

Minerals are involved in a large number of physiological functions and provide 

several health benefits when supplied in adequate amounts. Milk and dairy products serve 

as substantial sources of a number of minerals. In milk and dairy products, there are 

various minerals compromising small fraction of milk (about 8-9 g/L) that include calcium, 

magnesium, sodium, potassium, phosphorus, zinc, selenium, citrate and chloride. The milk 

minerals are considered crucially important not only for nutritional value, but also for 

functionality (gelation, formation and stability of the casein micelles, acid-base buffering, 

emulsification, foaming and cheese texture) in various dairy foods (Lucey and Fox, 1993; 

Johansen et al., 2002; Lucey and Horne, 2009; Bonjour and Lecerf, 2011; Rodrigues, 

2013). 

The presence and concentration of minerals in milk is influenced by a number of 

factors, including animal spices, breeding, genetics, lactation, animal health, nutrition 

season and processing (Lucey and Horne, 2009; Zamberlin et al., 2012). The partition of 

salts between the colloidal (micellar) and serum (soluble) phases is shown in Table 5.2.  

The distribution between colloidal and serum phases depends on pH, temperature, 

and concentration. In the serum phase, milk minerals may be present as ion pairs. The Ca 

and Mg in milk are present at low concentrations as free ions, some as complexes with 

citrate and phosphate as well as significant amounts associated with casein micelles. Both 

Mg and citrate are present in the colloidal phase, which is remarkable since their 

concentrations (or activities) are not in excess of solubility. The Ca and phosphate contents 
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vary in proportion to the casein content of milk since much of the Ca and phosphate are 

associated with the casein micelles (Gaucheron, 2005; Lucey and Horne, 2009; Zamberlin 

et al., 2012). 

Minerals in serum phases (whey) have a major effect on the functionality of whey 

products, i.e., mechanical and sensory properties of whey protein (Lucey and Fox, 1993; 

Havea et al., 2001; Lucey and Horne, 2009; Rodrigues, 2013). 

Table 5.2. Distribution of salts between the colloidal and serum phases in milk  

 
Colloidal (micellar) Serum (soluble) 

 (%) (%) 

Calcium 69 31 

Phosphorus 53 47 

Magnesium 47 53 

Potassium 6 94 

Sodium 5 95 

(Fox and Mcsweeney, 1998; Lucey and Horne, 2009) 

 

5.5.1. Calcium  

Calcium is one of the major minerals present in milk and dairy products. In cow 

milk, Ca concentration is 1040-1340 mg/L (Gaucheron, 2005; Cashman, 2006; García et 

al., 2006; Lante et al., 2006; Reykdal et al., 2011; Zamberlin et al., 2012), and distributed 

between the micellar (about 800 mg/L) and aqueous phase (about 400 mg/L) (Gaucheron, 

2011). About 40% of Ca exists in true solution, with 60-70% being associated with casein 

in a colloidal suspension (Huppertz et al., 2006; Lucey and Horne, 2009; Gaucheron, 2011; 

Zamberlin et al., 2012). The major forms of Ca in milk are calcium phosphate, calcium 

phosphocaseinate and calcium citrate (Hazell, 1985). 

Ca concentration of the butter samples is shown in Figure 5.4. The butter samples 

analyzed in this study contained 73.12-174.30 mg/kg of Ca. No significant difference was 

found between the milk butter samples (p>0.05). The Ca concentration in milk butter 

reported in the literature was ranged from 87 to 221 mg/kg (Kohiyama et al., 1993; Ieggli 

et al., 2011; Zamberlin et al., 2012). In general, the Ca concentrations obtained in this 

study for the milk butter samples are within the normal values described in the literature.  

According to one-way ANOVA, the difference in the Ca concentration among the milk and 
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whey butter samples was found to be statistically significant (p<0.05). The milk butter 

samples (169.55 and 174,30 mg/kg for MB-1 and MB-2, respectively) had almost a 2-fold 

higher Ca concentration than the whey butter samples. When comparing the Ca 

concentration in whey butter samples obtained from different whey collection centers, 

there was a notable difference. The whey butter produced from the whey collected from 

Konya (WB-4, 94.72 mg/kg) had the highest Ca concentration followed by Adana (WB-2, 

92.65 mg/kg), Burdur (WB-3, 83.40 mg/kg) and UĢak (WB-73.12 mg/kg). However, from 

the statistical point of view, WB-2 and WB-4 were found to be different than WB-1 

(p<0.05).  

 

 

Figure 5.4. Calcium contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 

 

Discrepancies in the Ca concentrations in milk and whey butter samples can be 

explained by differences in the technological processes (manufacture of butter and 

manufacture of cheese). Casein coagulates when Ca is available. This reaction is the key to 

obtain rennet-induced and acid-induced gels for cheese and yogurt production.  

Acidification by either rennet or acids is the main modification in the Ca 

concentration, in which Ca is solubilized and transferred to aqueous phase (whey) (Lucey 
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and Fox, 1993; Gaucheron, 2011, 2013). It has been reported that the Ca concentration is 

30-40% lower in whey than in milk (250-600 mg/L) (Fox and Mcsweeney, 1998; Lucey 

and Horne, 2009; Gaucheron, 2013). Also, Ca concentration lower in sweet whey 

(acidification via rennet) than in acid whey (direct acidification), suggesting some binding 

by whey proteins, especially by α-lactalbumin and osteopontin and casein at a lesser 

extent. Other factors such as seasonal variations, feeding, lactation and health status could 

also influence the amount of total Ca in the butter samples (Havea et al., 2001; Gaucheron, 

2013).  

5.5.2. Phosphorus 

Phosphorus is an essential nutrient for humans and serves a number of important 

biological functions (Flynn, 1992). P is also an important element present in milk and dairy 

products. Milk contains 840-1500 mg/L P that is present as organic and inorganic forms of 

P in serum and micellar phases (Hazell, 1985; Lucey and Fox, 1993; de la Fuente et al., 

1996; Gaucheron, 2005; Cashman, 2006; Huppertz et al., 2006; Lante et al., 2006; 

Barłowska et al., 2011; Zamberlin et al., 2012).  

In milk, organic P is mainly associated with casein molecules in the micellar phase. 

The other forms of organic P are phospholipids, nucleosides, nucleotides and sugar 

phosphate) which are in the aqueous phase. Inorganic P is distributed between aqueous and 

micellar phases, and contributes to the mineral equilibrium of milk. At pH 6.7 of milk, 

inorganic P is located 50% in the aqueous phase and 50% in the micellar phase, forming 

nanoclusters of Ca phosphate. During the transformation of milk into dairy products, 

inorganic P is transferred to the aqueous phase, especially during acidification (Lucey and 

Fox, 1993; Gaucheron, 2005, 2013). The inorganic phosphates may also be combined with 

Ca, Mg or K (Hazell, 1985). 

The P concentration of the butter samples varied from 56.03 to 142.70 mg/kg 

(Figure 5.5), and the milk butter samples is markedly higher P content. ANOVA relieved 

significant differences in the P concentration of the butter samples (p<0.05). The MB-2 

had the highest while WB-2 had the lowest P content.  

The difference between MB-1 (129.45 mg/kg) and MB-2 (142.70 mg/kg) was 

significant (p<0.05). The P concentration in the milk butter samples are within the limits 

reported by Kohiyama et al. (1993) (118-359 mg/kg), but lower than those reported by 

Belitz et al. (2009) (210 mg/kg), Reykdal et al. (2011) (240 mg/kg) and Zamberlin et al. 
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(2012) (240 mg/kg). This suggests that the source of milk, pH, season, animal health, 

feeding and butter production techniques may influence the P concentration in the milk 

butter samples.  

The milk butter samples had more than 2-fold higher P concentration than the whey butter 

samples. The overall result of the whey butter samples showed relatively constant but some 

variations were observed. Among the whey butter samples, WB-3 from the Burdur whey 

collection center (72.20 mg/kg) contained the highest P content compared to WB-1 from 

UĢak (57.39 mg/kg), WB-2 from Adana (56.03 mg/kg) and WB-4 from Konya 

(66.74 mg/kg). However, the differences between WB-3 and WB-4 and among WB-1, 

WB-2 and WB-4 were insignificant (p>0.05). 

 

 

Figure 5.5. Phosphorus contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 

 

It has been reported that the P concentration in whey is dependent on the type (soft, 

semi-hard and hard) and manufacture of cheese (rennet or acid coagulation). During the 

cheese processing, significant amount of P (45-90%) is removed in the whey during 

draining, which is dependent on the pH level (Lucey and Fox, 1993; Fox and Mcsweeney, 

1998; Lucey and Horne, 2009; Gaucheron, 2013). The P concentration in the literature is 

given as 400-580 mg/L). This explains the lower P concentration in the whey butters, and 
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indicates that the whey used in this study for the butter production is mostly sweet whey 

gained from the rennet-type coagulation to produce hard cheeses. It should also be taken 

into account that certain amount of P is bond by casein micelles and whey proteins, e.g., β-

lactoglobulin. 

5.5.3. Magnesium 

Magnesium has an essential role in a wide variety of physiological processes, 

including protein and nucleic acid metabolism, neuromuscular transmission, and muscle 

contraction, and it acts as a cofactor for many enzymes (Flynn, 1992; Gaucheron, 2013). 

Mg is not abundant in milk and dairy products, and its concentration in milk is 70-

220 mg/L depending on the source of milk (Lucey and Fox, 1993; de la Fuente et al., 1996; 

Cashman, 2006; García et al., 2006; Huppertz et al., 2006; Lante et al., 2006; Szefer and 

Grembecka, 2007; Barłowska et al., 2011; Gaucheron, 2011; Reykdal et al., 2011; 

Zamberlin et al., 2012; Gaucheron, 2013; Bilandžić et al., 2015). Mg is associated with 

inorganic phosphate and citrate in the aqueous phase (70 mg/L) and in the micellar phase 

with casein (50 mg/L).  

The Mg concentration of the butter samples was found to be in the range of 12.83-

22.09 mg/kg. Figure 5.6 illustrates that the milk butter samples (MB-1, 22.09 and MB-2, 

21.09) are high in the Mg concentration compared to the whey butter samples. In the 

literatures, the Mg content of milk butter was ranged from 17 to 36 mg/kg (Szefer and 

Grembecka, 2007; Reykdal et al., 2011; Zamberlin et al., 2012; Gaucheron, 2013; 

Bilandžić et al., 2015). The results obtained in this study for the milk butter samples are 

comparable with the reported values. 

ANOVA showed that WB-4 made from the whey obtained from the Konya 

collection center with 20.12 mg/kg of Mg concentration did not differ significantly from 

the milk butter samples (p>0.05). WB-1 from UĢak (12.83 mg/kg) and WB-2 from Adana 

(13.25 mg/kg) had a similar Mg concentration (p>0.05), which was lower than the Mg 

concentration of MB-3 from Burdur (17.49 mg/kg) (p<0.05). 

In dairy products, the concentrations of Mg vary depending on the manufacturing 

process. The distribution of Mg between micellar and aqueous phases is sensitive to pH, 

thus, during milk acidification, micellar Mg is solubilized in the aqueous phase of acidified 

milk (Gaucheron, 2013). Around 50% of Mg retains in whey after cheese manufacturing 

(de la Fuente et al., 1996; Fox and Mcsweeney, 1998; Johansen et al., 2002; García et al., 
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2006; Szefer and Grembecka, 2007; Lucey and Horne, 2009). The whey butters analyzed 

in this study contained more moisture content (18.8-20.6%), due to more successive 

working (washing) procedure with circulating chilled water than the milk butters (15.2%). 

This explains reasonably lower Mg concentration found in the whey butters. 

 

Figure 5.6. Magnesium contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 

 

5.5.4. Potassium 

Potassium is the principal intracellular cation, contributing to the transmission of 

nerve impulses, controlling skeletal muscle contraction, activation of enzymes and 

regulation of blood pressure (Flynn, 1992; Gaucheron, 2013).  

Figure 5.7 shows K level in the milk and whey butter samples. The results showed 

considerable differences in the butter samples. Significant higher K concentration was 

found in the milk butters than the whey butters (p<0.05). The milk butter samples (MB-1, 

187.35 mg/kg and MB-2, 194.10 mg/kg) had a similar K concentration (p>0.05). The 

reported value for the K concentration in milk butter ranges between 104-330 mg/kg 

(Kohiyama et al., 1993; Szefer and Grembecka, 2007; Abd El-Salam et al., 2009; Belitz et 

al., 2009a; Ieggli et al., 2011; Reykdal et al., 2011; Zamberlin et al., 2012; Gaucheron, 
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2013). The obtained K results for the milk butters in this study are in good agreement with 

the reported values. 

Among the whey butter samples, WB-3 from Burdur (135.95 mg/kg) and WB-4 

from Konya (140.10 mg/kg) gave a significantly higher K level compared to WB-1 from 

UĢak  

 

Figure 5.7. Potassium contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 

, 

(73.36 mg/kg) and WB-2 from Adana (81.66 mg/kg) (p<0.05). However, there were no 

significant difference observed between WB-1 and WB-2, and between the WB-3 and 

WB-4 (p>0.05). The variation among the whey butter samples may be due to the milk 

composition, cheese processing and type of cheese produced. The concentration of K in 

milk is around 1500 mg/kg, and mainly located in the aqueous phase as free or weakly 

associated with ions of opposite charge. (90-95%) (de la Fuente et al., 1996; Gaucheron, 

2005; Cashman, 2006; García et al., 2006; Huppertz et al., 2006; Lante et al., 2006; Lucey 

and Horne, 2009; Barłowska et al., 2011; Reykdal et al., 2011; Zamberlin et al., 2012; 

Bilandžić et al., 2015). Thus, dairy products such as cheese and butter are low in K, in 

which whey and buttermilk are drained away from the products. 
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5.5.5. Sodium 

Sodium is the principal cation of extracellular fluid and is the primary regulator of 

extracellular fluid volume. It is important in the regulation of osmolarity, acid-base 

balance, and the membrane potential of cells, as well as in active transport across cell 

membranes. It has been estimated that milk and dairy products provide 20% of total 

sodium in European countries (Flynn, 1992). 

The concentration levels of Na measured in the milk and butter samples given in Figure 

5.8. The study showed a variation in the Na concentration of the butter samples. ANOVA 

classified the butter samples in three groups, which differed significantly from each other 

(p<0.05). The highest value was obtained in WB-3 (157.60 mg/kg) and WB-4 

(165.85 mg/kg), while the lowest in the WB-1 (66.63 mg/kg) and WB-2 (63.95 mg/kg). 

The differences were insignificant between WB-3 and WB-4, between WB-1 and WB-2, 

and between MB-1 (95.66 mg/kg) and MB-2 (89.83 mg/kg) (p>0.05). The Na 

concentration in both milk butters is in line with the previous studies where Na 

concentration in milk butter has been reported between 46-110 mg/kg (Kohiyama et al., 

1993; Belitz et al., 2009a; Ieggli et al., 2011; Zamberlin et al., 2012; Gaucheron, 2013; 

Bilandžić et al., 2015). 

 

 

Figure 5.8. Sodium contents of butter samples 
(Different letters on bars indicate significant difference among butter samples at p<0.05) 
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The variation in the Na concentration among the whey butter samples is probably 

related to cheese manufacturing. Milk contains 320-600 mg/kg of Na, which is mainly 

located in the aqueous phase (95%) of milk and dairy products (de la Fuente et al., 1996; 

Gaucheron, 2005; Cashman, 2006; García et al., 2006; Huppertz et al., 2006; Lucey and 

Horne, 2009; Barłowska et al., 2011; Reykdal et al., 2011; Zamberlin et al., 2012; 

Gaucheron, 2013; Bilandžić et al., 2015). Depending of the cheese type, Na concentration 

also increases by salting or brine solution. Consequently, the majority of Na remains in 

whey. This explanation clarifies that two whey samples (WB-3 and WB-4) used for the 

butter manufacturing probably contain Na from salting or brine solution. 
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6. CONCLUSIONS 

Nowadays, increased consumer demand on milk and milk products increase the 

number of dairy companies. As a result, vast amounts of dairy wastes are produced every 

year around the world. Whey is the main waste product of dairy companies from cheese 

manufacturing, and represents about 85-95% of the milk volume and retains 55% of milk 

nutrients. Due to high content of organic compounds, whey causes environmental 

pollution. Nowadays, thanks to advance technologies, whey is converted to several 

products that possess functional and nutritional properties, such as WPC, WPI, lactose, 

whey powder. 

In this study, butter samples were produced from the whey obtained from the 

collection centers in four different cities (UĢak, Adana, Burdur and Konya) in Turkey, and 

assessed their qualities in terms of minor components. Total protein by Kjeldahl, total 

carotenoid and chlorophyll by UV spectrophotometer, tocopherol isomers by HPLC-

Fluorescence detector and minerals by ICP-OES were analyzed in the whey butter 

samples. For comparison purpose, two commercial unsalted milk butter were analyzed at 

the same conditions.  

The milk butters had substantially greater minor components compared to the whey 

butters with the exceptions. There was minimal difference in the tocopherol content and 

lower chlorophyll content. Even there is no specification given by the authorities, this 

study indicates that milk butter was rich in Ca, P, Mg, K and total carotenoids that are 

undoubtedly important for human nutrition. It should be kept in mind that milk and whey, 

as the sources of butters, is appeared to be the cause of these disparities. 

Furthermore, the observed variation in the minor components of the whey butters 

suggests that the whey from four collection centers have different compositions. The 

differences among the whey sources presented here may mainly be ascribed to the 

differences in cheese processing and type of cheese produced. It is also worth mentioning 

that WB-3 and WB-4 had decidedly high content of Na. This is so marked that it would 

seem to support the Na is virtually through the composition of whey that contains salt or 

brine solution. 

In summary, this study has demonstrated the importance of evaluating minor 

components in the butter since the source (milk and whey) is of the primary concern. Whey 

can be used as a source of butter; however, a specific codex apart from the milk butter 

codex should be composed for the regulatory purpose.  



41 

REFERENCES 

Abd El-Salam, M.H., El-Shibiny, S., Salem, A. 2009. Factors Affecting the Functional 

Properties of Whey Protein Products: A Review. Food Reviews International, 

25:251-270. 

ADPI. 2016. Whey Protein Fractions. American Dairy Products Institute. URL: (erişim 

tarihi: 14.05.2016), https://www.adpi.org/DairyProducts/Whey/WheyProteinFracti 

ons/tabid/354/Default.aspx. 

Agabriel, C., Cornu, A., Journal, C., Sibra, C., Grolier, P., Martin, B. 2007. Tanker Milk 

Variability According to Farm Feeding Practices: Vitamins A and E, Carotenoids, 

Color, and Terpenoids. Journal of Dairy Science, 90:4884-4896. 

Akyüz, N. 1979. Süt Endüstrisinde Yan Ürünlerin Değerlendirilmesi ve Önemi. Atatürk 

Üniversitesi Ziraat Fakültesi Dergisi, 10:207-216. 

Andersen, C.M., Andersen, L.T., Hansen, A.M., Skibsted, L.H., Petersen, M.A. 2008. 

Wavelength Dependence of Light-Induced Lipid Oxidation and Naturally 

Occurring Photosensitizers in Cheese. Journal of Agricultural and Food Chemistry, 

56:1611-1618. 

AOAC. 2012. Method No 991.20, Nitrogen (Total) in Milk. Official Methods of Analysis 

of AOAC International, 19
th

 Ed., AOAC International, Gaithersburg, MD, USA. 

Archer, R.H. 2016. Whey Porducts. URL: (erişim tarihi: 10.03.2016), 

http://nzic.org.nz/ChemProcesses/dairy/3G.pdf. 

Atuma, S.S. 1975. Electrochemical Determination of Vitamin E in Margarine, Butter and 

Palm Oil. Journal of the Science of Food and Agriculture, 26:393-399. 

Aziznia, S., Khosrowshahi, A., Madadlou, A., Rahimi, J. 2008. Whey Protein Concentrate 

and Gum Tragacanth as Fat Replacers in Nonfat Yogurt: Chemical, Physical, and 

Microstructural Properties. Journal of Dairy Science, 91:2545-2552. 

Barłowska, J., Szwajkowska, M., Litwińczuk, Z., J., K. 2011. Nutritional Value and 

Technological Suitability of Milk from Various Animal Species Used for Dairy 

Production. Comprehensive Reviews in Food Science and Food Safety, 10:291-302. 

Bauernfeind, J.C., Desai, I.D. 1977. The Tocopherol Content of Food and Influencing 

Factors. CRC Critical Reviews in Food Science and Nutrition, 8:337-382. 

Beckett, S.T. 2002. Chocolate, Function of Milk. In: Encyclopedia of Dairy Sciences, 

Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 444-449. 

Belitz, H.D., Grosh, W., Schieberle, P. 2009a. Minerals. In: Food Chemistry, Belitz, H.D., 

Grosh, W., Schieberle, P. (Eds.). Springer, Heidelberg, Germany, pp. 421-428. 

Belitz, H.D., Grosh, W., Schieberle, P. 2009b. Vitamins. In: Food Chemistry, Belitz, H.D., 

Grosh, W., Schieberle, P. (Eds.). Springer, Heidelberg, Germany, pp. 403-420. 



42 

Beliveau, A.R. 2012. Variations in Carotenoids and Retinol in Milk and Cheese from 

Jersey Cows at an Organic Dairy Compared to a Conventional Dairy over a Pasture 

Season. University of New Hampshire, Master Thesis, 142p. 

Ben-Hassan, R.M., Ghaly, A.E. 1994. Continuous Propagation of Kluyveromyces fragilis 

in Cheese Whey for Pollution Potential Reduction. Applied Biochemistry and 

Biotechnology, 47:89-105. 

Berl, S., Peterson, W.H. 1945. Distribution of Carotene and Vitamin A in Butter-Making. 

Journal of Dairy Science, 28:103-107. 

Bilandžić, N., Sedak, M., Đokić, M., Božić, Đ., Vrbić, A. 2015. Content of Macro- and 

Microelements and Evaluation of the Intake of Different Dairy Products Consumed 

in Croatia. Journal of Food Composition and Analysis, 40:143-147. 

Bonjour, J.-P., Lecerf, J.-M. 2011. Dairy Micronutrients: New Insights and Health 

Benefits. Journal of the American College of Nutrition, 30:399S-399S. 

Bonnaillie, L.M., Tomasula, P.M. 2008. Whey Protein Fractionation. In: Whey Processing, 

Functionality and Health Benefits, Onwulata, C.I., Huth, P.J. (Eds.). Blackwell 

Publishing, Iowa, USA, pp. 15-38. 

Božanić, R., Barukčić, I., Jakopović, K.L., Tratnik, L. 2014. Possibilities of Whey 

Utilisation. Austin Jornal of Nutrition and Food Sciences, 2:1036. 

Britten, M., Lamothe, S., G., R. 2008. Effect of Cream Treatment on Phospholipids and 

Protein Recovery in Butter-Making Process. International Journal of Food Science 

& Technology, 43:651-657. 

Buffoni, J.N., Bonizzi, I., Pauciullo, A., Ramunno, L., Feligini, M. 2011. Characterization 

of the Major Whey Proteins from Milk of Mediterranean Water Buffalo (Bubalus 

bubalis). Food Chemistry, 127:1515-1520. 

Carvalho, F., Prazeres, A.R., Rivas, J. 2013. Cheese Whey Wastewater: Characterization 

and Treatment. Science of the Total Environment, 445/446:385-396. 

Cashman, K.D. 2006. Milk Minerals (Including Trace Elements) and Bone Health. 

International Dairy Journal, 16:1389-1398. 

Casper, J.L., Wendorff, W.L., Thomas, D.L. 1999. Functional Properties of Whey Protein 

Concentrates from Caprine and Ovine Specialty Cheese Wheys. Journal of Dairy 

Science, 82:265-271. 

Chow, C.K. 2013. Vitamin E. In: Handbook of Vitamins, Zempleni, J., Suttie, J., Gregory 

III, J., Stover, P. (Eds.). CRC Press, Boca Raton, FL, pp. 165-197. 

Dangaran, K., Krochta, J.M. 2008. Whey Protein Films and Coatings. In: Whey 

Processing, Functionality and Health Benefits, Onwulata, C.I., Huth, P.J. (Eds.). 

Blackwell Publishing, Iowa, USA, pp. 133-168. 

de la Fuente, M.A., Fontecha, J., Ju rez, M. 1996. Partition of Main and Trace Minerals in 

Milk:  Effect of Ultracentrifugation, Rennet Coagulation, and Dialysis on Soluble 



43 

Phase Separation. Journal of Agricultural and Food Chemistry, 44:1988-1992. 

de Wit, J.N. 2001. Lecturer's Handbook on Whey and Whey Products. Europan Whey 

Products Association, Belgium, 88p. 

de Wit, J.N. 2002. Dairy Ingredients in Dairy Foods. In: Encyclopedia of Dairy Sciences, 

Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 718-727. 

Dec, B., Chojnowski, W. 2006. Characteristics of Acid Whey Powder Partially 

Demineralized by Nanofiltration. Polish Journal of Food and Nutrition Sciences, 

15/16:87-90. 

Derewiaka, D., Sosińska, E., Obiedziński, M., Krogulec, A., Czaplicki, S. 2011. 

Determination of the Adulteration of Butter. European Journal of Lipid Science 

and Technology, 113:1005-1011. 

Desouky, M.M. 2014. Oxidative Storage Stability of Traditional Butter Oil Produced from 

Spontaneous Fermentation of Goats' Milk. Egyptian Journal of Dairy Science, 

42:71-80. 

Dragone, G., Mussatto, S.I., Oliveira, J.M., Teixeira, J.A. 2009. Characterisation of 

Volatile Compounds in an Alcoholic Beverage Produced by Whey Fermentation. 

Food Chemistry, 112:929-935. 

Dvoř k, l., Lužov , T., Šustov , K. 2016. Comparison of Butter Quality Parameters 

Available on the Czech Market with the Use of FT NIR technology. Mljekarstvo, 

66:73-80. 

Early, R. 1998. Milk Concentrates and Milk Powder. In: The Technology of Dairy 

Products, Early, R. (Ed.). Blackie Academic and Professional, UK, pp. 228-300. 

Esmaeilifard, N., Bahmaei, M., Eshratabadi, P. 2016. Comparison of Physicochemical 

Characteristics of Margarine and Butter in Iranian Market During Storage. Journal 

of Pharmaceutical and Health Sciences, 4:181-191. 

Flynn, A. 1992. Minerals and Trace Elements in Milk. Advances in Food and Nutrition 

Research, 36:209-252. 

Foegeding, E.A., Luck, P.J. 2002. Milk Proteins - Whey Protein Products. In: 

Encyclopedia of Dairy Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). 

Academic Press, UK, pp. 1957-1960. 

Fox, P.F. 2000. The Major Constituents of Milk. In: Dairy Processing: Improving Quality, 

Smit, G. (Ed.). Woodhead Publishing Ltd., Cambridge, UK, pp. 5-41. 

Fox, P.F. 2002. Cheese - Overview. In: Encyclopedia of Dairy Sciences, Roginski, H., 

Fuquay, J.W., Fox, P.F. (Eds.). Acedemic Press, UK, pp. 252-261. 

Fox, P.F., Mcsweeney, P.L.H. 1998. Dairy Chemistry and Biochemistry. Blackie 

Academic and Professional, London, UK, 478p. 

Frankel, E.N. 1998. Antioxidants. In: Lipid Oxidation, Frankel, E.N. (Ed.). The Oily Press, 



44 

Scotland, pp. 129-166. 

Frede, E. 2002. Butter - Properties and Analysis. In: Encyclopedia of Dairy Sciences, 

Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 227-236. 

Galanakis, C.M. 2012. Recovery of High Added-Value Components from Food Wastes: 

Conventional, Emerging Technologies and Commercialized Applications. Trends 

in Food Science and Technology, 26:68-87. 

García, M.I.H., Puerto, P.P., Baquero, M.F., Rodríguez, E.R., Martín, J.D., Romero, C.D. 

2006. Mineral and Trace Element Concentrations of Dairy Products from Goats‟ 

Milk Produced in Tenerife (Canary Islands). International Dairy Journal, 16:182-

185. 

Gaucheron, F. 2005. The Minerals of Milk. Reproduction Nutrition Development, 45:473-

483. 

Gaucheron, F. 2011. Milk and Dairy Products: A Unique Micronutrient Combination. 

Journal of the American College of Nutrition, 30:400S-409S. 

Gaucheron, F. 2013. Milk Minerals, Trace Elements, and Macroelements. In: Milk and 

Dairy Products in Human Nutrition, Park, Y.W., Haenlein, G.F. (Eds.). John Wiley 

and Sons, West Sussex, UK, pp. 172-199. 

Gonz lez-Martı nez, C., Becerra, M., Ch fer, M., Albors, A., Carot, J.M., Chiralt, A. 2002. 

Influence of Substituting Milk Powder for Whey Powder on Yoghurt Quality. 

Trends in Food Science and Technology, 13:334-340. 

Górnaś, P., Siger, A., Czubinski, J., Dwiecki, K., Seglina, D., Nogala-Kalucka, M. 2014. 

An Alternative RP-HPLC Method for the Separation and Determination of 

Tocopherol and Tocotrienol Homologues as Butter Authenticity Markers: A 

Comparative Study between Two European Countries. European Journal of Lipid 

Science and Technology, 116:895-903. 

Göktürük, S., Sezgin, E., Yildirim, Z., Atamer, M. 2002. Effects of Season on Vitamins A 

and E Contents and Colour of Turkish Butter. Food/Nahrung, 46:54-55. 

Guggisberg, D., Eberhard, P., Albrecht, B. 2007. Rheological Characterization of Set 

Yoghurt Produced with Additives of Native Whey Proteins. International Dairy 

Journal, 17:1353-1359. 

Ha, E., Zemel, M.B. 2003. Functional Properties of Whey, Whey Components, and 

Essential Amino Acids: Mechanisms Underlying Health Benefits for Active People 

(Review). The Journal of Nutritional Biochemistry, 14:251-258. 

Hansen, E., Skibsted, L.H. 2000. Light-Induced Oxidative Changes in a Model Dairy 

Spread. Wavelength Dependence of Quantum Yields. Journal of Agricultural and 

Food Chemistry, 48:3090-3094. 

Harper, J.W. 1992. Lactose and Lactose Derivatives. In: Whey and Lactose Processing, 

Zadow, J.G. (Ed.). Elsevier Science Publisher, New York, USA, pp. 317-360. 



45 

Havea, P., Singh, H., Creamer, L.K. 2001. Characterization of Heat-Induced Aggregates of 

β-Lactoglobulin, α-Lactalbumin and Bovine Serum Albumin in a Whey Protein 

Concentrate Environment. Journal of Dairy Research, 68:483-497. 

Hawke, J.C., Taylor, M.W. 1983. Influence of Nutritional Factors on the Yield, 

Composition and Physical Properties of Milk Fat. In: Developments in Dairy 

Chemistry-2, Fox, P.F. (Ed.). Applied Science Publisher, Essex, UK., pp. 1-36. 

Hazell, T. 1985. Minerals in Foods: Dietary Sources, Chemical Forms, Interactions, 

Bioavailability. World Review of Nutrition and Dietetics, 46:1-123. 

Heino, A. 2009. Microfiltration in Cheese and Whey Processing. University of Helsinki, 

Faculty of Agriculture and Forestry, Department of Food Technology, MSc Thesis, 

112p. 

Herzer, F.H., Gieger, M. 1946. The Vitamin A Potency of Creamery Butter Produced in 

Mississippi. Mississippi State Collage, Bulletin 434, Mississippi, USA, 13p. 

Hewavitharana, A.K., van Brakel, A.S., Harnett, M. 1996. Simultaneous Liquid 

Chromatographic Determination of Vitamins A, E and β-Carotene in Common 

Dairy Foods. International Dairy Journal, 6:613-624. 

Hulshof, P.J.M., van Roekel-Jansen, T., van de Bovenkamp, P., West, C.E. 2006. Variation 

in Retinol and Carotenoid Content of Milk and Milk Products in The Netherlands. 

Journal of Food Composition and Analysis, 19:67-75. 

Huppertz, T., Upadhyay, V.K., Kelly, A.L., Tamime, A.Y. 2006. Constituents and 

Properties of Milk from Different Species. In: Brined Cheeses, Tamime, A.Y. 

(Ed.). Blackwell Publishing, Oxford, UK, pp. 1-42. 

Ieggli, C.V.S., Bohrer, D., Do Nascimento, P.C., De Carvalho, L.M. 2011. Flame and 

Graphite Furnace Atomic Absorption Spectrometry for Trace Element 

Determination in Vegetable Oils, Margarine and Butter after Sample 

Emulsification. Food Additives and Contaminants, 28:640-648. 

ISO. 2012. Animal and Vegetable Fats and Oils - Determination of Tocopherol and 

Tocotrienol Contents by High-Performance Liquid Chromatography. International 

Organization for Standardization, Geneva, Switzerland. 

Jayaprakasha, H.M., Yoon, Y.C. 2005. Production of Functional Whey Protein 

Concentrate by Monitoring the Process of Ultrafilteration. Asian-Australasian 

Journal of Animal Sciences, 18:433-438. 

Johansen, A.G., Vegarud, G.E., Skeie, S. 2002. Seasonal and Regional Variation in the 

Composition of Whey from Norwegian Cheddar-type and Dutch-type cheeses. 

International Dairy Journal, 12:621-629. 

Jyotsna, R., Sai Manohar, R., Indrani, D., Venkateswara Rao, G. 2007. Effect of Whey 

Protein Concentrate on the Rheological and Baking Properties of Eggless Cake. 

International Journal of Food Properties, 10:599-606. 

Kahyaoğlu, D.T., Çakmakçı, S. 2018. A Comparative Study on Some Properties and 



46 

Oxidation Stability during Storage of Butter Produced from Different Animals' 

Milk. The Journal of Food, 43:283-293. 

Kanno, C., Yamauchi, K., Tsugo, T. 1968. Occurrence of γ-Tocopherol and Variation of α- 

and γ-Tocopherol in Bovine Milk Fat. Journal of Dairy Science, 51:1713-1719. 

Kasapçopur, E. 2016. Peyniraltı Suyundan Üretilen Yağlarının Kalite Özelliklerinin 

Belirlenmesi. KahramanmaraĢ Sütçü Ġmam Üniversitesi, Fen Bilimleri Enstitüsü, 

KahramanmaraĢ, Yüksek Lisanas Tezi, 61p. 

Kellam, S. 2016. The Manufacture of Lactose. URL: (erişim tarihi: 10.05.2016), 

http://nzic. org.nz/ChemProcesses/dairy/3F.pdf. 

Kelly, P.M. 2002. Membrane Separation. In: Encyclopedia of Dairy Sciences, Roginski, 

H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 1777-1786. 

Kelly, P.M. 2007. Milk powders. In: Food Drying Science and Technology: Microbiology, 

Chemistry, Applications, Hui, Y.H., Clary, C., Farid, M.M., Fasina, O.O., 

Noomhorm, A., Weti-Chanes, J. (Eds.). DEStech Publications, Inc., Lancaster, PA, 

USA, pp. 693-720. 

Kinsella, J.E., Whitehead, D.M. 1989. Proteins in Whey: Chemical, Physical, and 

Functional Properties. Advances in Food and Nutrition Research, 33:343-438. 

Kohiyama, M., Baba, A., Mauyama, T., Kanematzu, H., Niiya, I. 1993. Properties of 

Commercially Available Margarine and Butter on the Market in France and Spain. 

Nippon Shokuhin Kogyo Gakkalshi 45:661-673. 

Kosikowski, F.V. 1979. Whey Utilization and Whey Products. Journal of Dairy Science, 

62:1149-1160. 

Kukovics, S., Németh, T. 2013. Milk Major and Minor Proteins, Polymorphisms and Non-

protein Nitrogen. In: Milk and Dairy Products in Human Nutrition, Park, Y.W., 

Haenlein, G.F. (Eds.). John Wiley and Sons, West Sussex, UK, pp. 80-128. 

Kurt, A. 1981. Süt Teknolojisi. Atatürk Üniversitesi Ziraat Fakültesi Yayınları No: 257, 

Erzurum, 299s. 

Kurt, A., Gülümser, S. 1988. Peynir Suyu ve Kullanım Ġmkanları. Atatürk Üniversitesi 

Ziraat Fakültesi Dergisi, 18:133-141. 

Kwak, H.-S., Ganesan, P., Al Mijan, M. 2013. Butter, Ghee, and Cream Products. In: Milk 

and Dairy Products in Human Nutrition: Production, Composition and Health, 

Park, Y.W., Haenlein, G.F.W. (Eds.). Wiley-Blackwell, West Sussex, UK., pp. 

390-411. 

Lante, A., Lomolino, G., Cagnin, M., Spettoli, P. 2006. Content and Characterisation of 

Minerals in Milk and in Crescenza and Squacquerone Italian Fresh Cheeses by 

ICP-OES. Food Control, 17:229-233. 

Lindsay, D.T., Lovatt, S.J. 1994. Further Enthalpy Values of Foods Measured by an 

Adiabatic Calorimeter. Journal of Food Engineering, 23:609-620. 



47 

Lucas, A., Rock, E., Chamba, J.-F., Verdier-Metz, I., Brachet, P., Coulon, J.-B. 2006. 

Respective Effects of Milk Composition and the Cheese-Making Process on Cheese 

Compositional Variability in Components of Nutritional Interest. Lait, 86:21-41. 

Lucey, J.A. 2002. Cheese - Acid and Acid/Heat Coagulated Cheese. In: Encyclopedia of 

Dairy Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, 

pp. 350-356. 

Lucey, J.A., Fox, P.F. 1993. Importance of Calcium and Phosphate in Cheese 

Manufacture: A Review. Journal of Dairy Science, 76:1714-1724. 

Lucey, J.A., Horne, D.S. 2009. Milk Salts: Technological Significance. In: Advanced 

Dairy Chemistry: Volume 3: Lactose, Water, Salts and Minor Constituents, 

McSweeney, P.L.H., Fox, P.F. (Eds.). Springer New York, New York, NY, pp. 

351-389. 

Mahoney, R.R. 2002. Enzymes Exogenous to Milk in Dairy Technology - Beta-D-

Galactosidase. In: Encyclopedia of Dairy Sciences, Roginski, H., Fuquay, J.W., 

Fox, P.F. (Eds.). Academic Press, UK, pp. 907-914. 

McClements, D.J. 2008. Whey Protein-Stabilized Emulsions. In: Whey Processing, 

Functionality and Health Benefits, Onwulata, C.I., Huth, P.J. (Eds.). Blackwell 

Publishing, Iowa, USA, pp. 63-97. 

McPherson, A., V., Kitchen, B.J. 1981. The Proteins and Lipids of the Aquoeous Phase of 

Butter. Australian Journal of Dairy Technology, 36:17-20. 

Mete, H. 2012. Peyniraltı Suyu'nun Ekmekçilikte Değerlendirlmesi ve Ekonomik Önemi. 

Tekirdağ S.M.M.M. Odası Sosyal Bilimler Dergisi, 1:1-10. 

Minguez-Mosquera, M.I., Rejano, L., Gandul, B., Sanchez, A.H., Garrido, J. 1991. Color-

Pigment Correlation in Virgin Olive Oil. JAOCS, 68:332-336. 

Mollea, C., Marmo, L., Bosco, F. 2013. Valorisation of Cheese Whey, a By-Product from 

the Dairy Industry. In: Food Industry, Muzzalupo, I. (Ed.). INTECH Open Access 

Publisher, London, UK, pp. 549-588. 

Morin, P., Pouliot, Y., Jiménez-Flores, R. 2006. A Comparative Study of the Fractionation 

of Regular Buttermilk and Whey Buttermilk by Microfiltration. Journal of Food 

Engineering, 77:521-528. 

Muir, D.D. 2002. Lactose - Properties, Production, Applications. In: Encyclopedia of Dairy 

Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 

1525-1529. 

Nahid, A. 2007. Modelling Heat Transfer in Butter Products. Massey University, Institute 

of Technology and Engineering, Palmerston, New Zealand, PhD Thesis, 324p. 

Neupaney, D., Sasaki, S., Kim, J., Ishioroshi, M., Samejima, K. 2003. Yak Butter Lipid 

Composition and Vitamins in Comparison with Cow Butter Lipids. Milk Science, 

52:33-39. 



48 

Ng-Kwai-Hang, K.F. 2002. Milk Proteins - Heterogeneity, Fractionation and Isolation. In: 

Encyclopedia of Dairy Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). 

Academic Press, UK, pp. 1881-1894. 

Nickerson, S.C. 1995. Milk Production: Factors Affecting Milk Composition. In: Milk 

Quality, Harding, F. (Ed.). Springer, Boston, MA, USA, pp. 3-24. 

Nozière, P., Graulet, B., Lucas, A., Martin, B., Grolier, P., Doreau, M. 2006. Carotenoids 

for Ruminants: From Forages to Dairy Products. Animal Feed Science and 

Technology, 131:418-450. 

O'Connor, T.P., O'Brien, N.M. 2002. Lipids - Fat Replacers. In: Encyclopedia of Dairy 

Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 

1617-1622. 

O‟Callaghan, T.F., Faulkner, H., McAuliffe, S., O‟Sullivan, M.G., Hennessy, D., Dillon, 

P., Kilcawley, K.N., Stanton, C., Ross, R.P. 2016. Quality Characteristics, 

Chemical Composition, and Sensory Properties of Butter from Cows on Pasture 

versus Indoor Feeding Systems. Journal of Dairy Science, 99:1-20. 

Onwulata, C.I. 2008. Milk Whey Processes: Current and Future Trends. In: Whey 

Processing, Functionality and Health Benefits, Onwulata, C.I., Huth, P.J. (Eds.). 

Blackwell Publishing, Iowa, USA, pp. 369-389. 

Parris, N., Anema, S.G., Singh, H., Creamer, L.K. 1993. Aggregation of Whey Proteins in 

Heated Sweet Whey. Journal of Agricultural and Food Chemistry, 41:460-464. 

Pham, Q.T., Wee, H.K., Kemp, R.M., Lindsay, D.T. 1994. Determination of the Enthalpy 

of Foods by an Adiabatic Calorimeter. Journal of Food Engineering, 21:137-156. 

Regester, G.O., Smithers, G.W., Mangino, M.E., Pearce, R.J. 1992. Seasonal Changes in 

the Physical and Functional Properties of Whey Protein Concentrates. Journal of 

Dairy Science, 75:2928-2936. 

Reykdal, O., Rabieh, S., Steingrimsdottir, L., Gunnlaugsdottir, H. 2011. Minerals and 

Trace Elements in Icelandic Dairy Products and Meat. Journal of Food 

Composition and Analysis, 24:980-986. 

Rodrigues, L.R. 2013. Milk Minor Constituents, Enzymes, Hormones, Growth Factors, and 

Organic Acids. In: Milk and Dairy Products in Human Nutrition: Production, 

Composition and Health, Park, Y.W., Haenlein, G.F.W. (Eds.). John Wiley and 

Son Ltd., West Sussex, UK., pp. 220-245. 

Rombaut, R., Dejonckheere, V., Dewettinck, K. 2006. Microfiltration of Butter Serum 

upon Casein Micelle Destabilization. Journal of Dairy Science, 89:1915-1925. 

Rossmann, A., Haberhauer, G., Hölzl, S., Horn, P., Pichlmayer, F., Voerkelius, S. 2000. 

The Potential of Multielement Stable Isotope Analysis for Regional Origin 

Assignment of Butter. European Food Research and Technology, 211:32-40. 

Samet-Bali, O., Ayadi, M.A., Attia, H. 2009. Traditional Tunisian butter: Physicochemical 

and Microbial Characteristics and Storage Stability of the Oil Fraction. LWT - Food 



49 

Science and Technology, 42:899-905. 

Santos, M.J., Teixeira, J.A., Rodrigues, L.R. 2011. Fractionation and Recovery of Whey 

Proteins by Hydrophobic Interaction Chromatography. Journal of Chromatography 

B, 879:475-479. 

Santos, M.J., Teixeira, J.A., Rodrigues, L.R. 2012. Fractionation of the Major Whey 

Proteins and Isolation of β-Lactoglobulin Variants by Anion Exchange 

Chromatography. Separation and Purification Technology, 90:133-139. 

Saunders, A. 2002. Dairy Desserts. In: Encyclopedia of Dairy Sciences, Roginski, H., 

Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 643-649. 

Schaafsma, G. 2002. Lactose - Nutritional Significance of Lactose and Lactose Derivatives 

In: Encyclopedia of Dairy Sciences, Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). 

Academic Press, UK, pp. 1529-1533. 

Schwartz, H., Ollilainen, V., Piironen, V., Lampi, A.-M. 2008. Tocopherol, Tocotrienol 

and Plant Sterol Contents of Vegetable Oils and Industrial Fats. Journal of Food 

Composition and Analysis, 21:152-161. 

Shukla, A., Bhaskar, A.R., Rizvi, S.S.H., Mulvaney, S.J. 1994. Physicochemical and 

Rheological Properties of Butter Made from Supercritically Fractionated Milk Fat. 

Journal of Dairy Science, 77:45-54. 

Singh, H. 2002. Milk Proteins - Functional Properties. In: Encyclopedia of Dairy Sciences, 

Roginski, H., Fuquay, J.W., Fox, P.F. (Eds.). Academic Press, UK, pp. 1976-1982. 

Siso, M.I.G. 1996. The Biotechnological Utilization of Cheese Whey: A Review 

Bioresource Technology, 57:1-11. 

Smithers, G.W. 2008. Whey and Whey Proteins - From „Gutter-to-Gold‟. International 

Dairy Journal, 18:695-704. 

Smithers, G.W. 2015. Whey-ing up to the Options - Yesterday, Today and Tomorrow. 

Journal of Dairy Science, 48:2-14. 

Smithers, G.W., Ballard, F.C., Copeland, A.D., deSilva, K.J., Dionysius, D.A., Francis, 

G.L., Goddard, C., Grieve, P.A., Mclntosh, G.H., Mitchell, I.R., Pearce, R.J., 

Regester, G.O. 1996. New Oppurtinies from the Isolation and Utilization of  Whey 

Proteins. Journal of Dairy Science, 79:350-356. 

Sodini, I., Mattas, J., Tong, P.S. 2006. Influence of pH and Heat Treatment of Whey on the 

Functional Properties of Whey Protein Concentrates in Yoghurt. International 

Dairy Journal, 16:1464-1469. 

Stolyhwo, A., Rutkowska, J. 2007. Milk Fat: Structure, Composition and Health Benefits. 

In: Food Chemistry, Nutritional and Health Properties of Food Ingredients, 

Sikorski, Z.E. (Ed.). WNT, Warsaw, Poland, pp. 39-88. 

Sun, C., Gunasekaran, S., Richards, M.P. 2007. Effect of Xanthan Gum on 

Physicochemical Properties of Whey Protein Isolate Stabilized Oil-in-Water 



50 

Emulsions. Food Hydrocolloids, 21:555-564. 

Szefer, P., Grembecka, M. 2007. Mineral Components in Foods of Animal Origin and in 

Honey. In: Mineral Components in Foods, Szefer, P., Nriagu, J.O. (Eds.). CRC 

Press, Boca Raton, FL, pp. 163-229. 

Tetra-Pak. 1995. Dairy Processing Handbook. Tetra Pak Processing Systems AB, Sweden, 

436p. 

TGK. 2005. Türk Gıda Kodeksi, Tereyağı, Diğer Süt Yağı Esaslı Sürülebilir Ürünler ve 

Sadeyağ Tebliği (Tebliğ No: 2005/19). Gıda, Tarım ve Hayvancılık Bakanlığı, 

Ankara. 

Tsakali, E., Petrotos, K., Gabriela D' Alessandro, A., Goulas, P. 2010. A Review on Whey 

Composition and the Methods Used for Its Utilization for Food and Pharmaceutical 

Products. 6
th

 International Conference on Simulation and Modelling in the Food 

and Bio-Industry FOODSIM 2010, CIMO Research Centre, Braganca, Portugal. 

Tunick, M.H. 2008. Whey Protein Production and Utilization: A Brief History. In: Whey 

Processing, Functionality and Health Benefits, Onwulata, C.I., Huth, P.J. (Eds.). 

Blackwell Publishing, Iowa, USA, pp. 1-14. 

TÜĠK. 2017. Türkiye Ġstatistik Kurumu, Süt ve Süt Ürünleri Üretimi. TÜĠK, Ankara. 

Walstra, P., Wouters, J.T.M., Geurts, T.J. 2006. Dairy Science and Technology. Taylor and 

Francis Group, Boca Raton, FL., 763p. 

Walzem, R.L., Dillard, C.J., German, J.B. 2002. Whey Components: Millennia of 

Evolution Create Functionalities for Mammalian Nutrition: What We Know and 

What We May Be Overlooking. Critical Reviews in Food Science and Nutrition, 

42:353-375. 

Willix, J., Lovatt, S.J., Amos, N.D. 1998. Additional Thermal Conductivity Values of 

Foods Measured by a Guarded Hot Plate. Journal of Food Engineering, 37:159-

174. 

Wold, J.P., Lundby, F. 2007. Approximate Non-Destructive Quantification of Porphyrins 

in Butter by Front Face Fluorescence Spectroscopy. Journal of Animal and Feed 

Sciences, 16:190-194. 

Wold, J.P., Veberg, A., Nilsen, A., Iani, V., Juzenas, P., Moan, J. 2005. The Role of 

Naturally Occurring Chlorophyll and Porphyrins in Light-Induced Oxidation of 

Dairy products. A Study Based on Fluorescence Spectroscopy and Sensory 

Analysis. International Dairy Journal, 15:343-353. 

Wong, N.P., LaCroix, D.E., McDonough, F.E. 1978. Minerals in Whey and Whey 

Fractions. Journal of Dairy Science, 61:1700-1703. 

Yadav, J.S.S., Yan, S., Pilli, S.r., Kumar, L., Tyagi, R.D., Surampalli, R.Y. 2015. Cheese 

Whey: A Potential Resource to Transform into Bioprotein, Functional/Nutritional 

Proteins and Bioactive Peptides. Biotechnology Advances, 33:756-774. 



51 

Yalçın, S., Doğruer, Y., Gürbüz, Ü. 1994. Beyaz Peynir ve KaĢar Peyniri Üretiminden 

Elde Edilen Peyniraltı Sularının Besin Değeri. Veterinarium, 1:23-24. 

Zadow, J.G. 1992. Lactose Hydrolysis. In: Whey and Lactose Processing, Zadow, J.G. 

(Ed.). Elsevier Science Publisher, New York, USA, pp. 361-408. 

Zamarreño, M.M.D., Pérez, A.S., Rangel, M.B., Méndez, J.H. 1999. Automated Analysis 

for Vitamin E in Butter by Coupling Sample Treatment – Continuous Membrane 

Extraction – Liquid Chromatography with Electrochemical Detection. Analytica 

Chimica Acta, 386:99-106. 

Zamberlin, S., Antunac, N., Havranek, J., Samaržija, D. 2012. Mineral Elements in Milk 

and Dairy Products. Mljekarstvo, 62:111-125. 

 

  



52 

APPENDIX 

Appendix 1. Anova result for protein content in butter samples 

Appendix 2. Anova result for carotenoid content in butter samples 

Appendix 3. Anova result for chlorophyll content in butter samples 

Appendix 4. Anova result for tocopherols in butter samples 

Appendix 5. Anova result for minerals in butter samples 

  



53 

Appendix 1. Anova result for protein content in butter samples 

Tests of Between-Subjects Effects 

Dependent Variable:   Protein   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 2.144
a
 5 .429 241.592 .000 

Intercept 6.142 1 6.142 3461.018 .000 

Butter 2.144 5 .429 241.592 .000 

Error .011 6 .002   

Total 8.297 12    

Corrected Total 2.154 11    
a
 R Squared = 0.995 (Adjusted R Squared = 0.991) 
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Appendix 2. Anova result for carotenoid content in butter samples 

Tests of Between-Subjects Effects 

Dependent Variable:   Carotenoid   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 12.742
a
 5 2.548 881.324 .000 

Intercept 42.526 1 42.526 14706.285 .000 

Butter 12.742 5 2.548 881.324 .000 

Error .017 6 .003   

Total 55.286 12    

Corrected Total 12.760 11    
a
 R Squared = 0.999 (Adjusted R Squared = 0.998) 
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Appendix 3. Anova result for chlorophyll content in butter samples 

Tests of Between-Subjects Effects 

Dependent Variable:   Chlorophyll   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 9856.232
a
 5 1971.246 317.461 .000 

Intercept 18139.690 1 18139.690 2921.324 .000 

Butter 9856.232 5 1971.246 317.461 .000 

Error 37.256 6 6.209   

Total 28033.178 12    

Corrected Total 9893.488 11    
a
 R Squared = 0.996 (Adjusted R Squared = 0.993) 
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Appendix 4. Anova result for tocopherols in butter samples 

Tests of Between-Subjects Effects 

Dependent Variable:   α-tocopherol   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.676
a
 5 .335 6.639 .020 

Intercept 8014.535 1 8014.535 158703.654 .000 

Butter 1.676 5 .335 6.639 .020 

Error .303 6 .050   

Total 8016.514 12    

Corrected Total 1.979 11    
a
 R Squared = 0.847 (Adjusted R Squared = 0.719) 

 

 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   β-tocopherol   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .016
a
 5 .003 10.931 .006 

Intercept 2.125 1 2.125 7286.429 .000 

Butter .016 5 .003 10.931 .006 

Error .002 6 .000   

Total 2.143 12    

Corrected Total .018 11    
a
 R Squared = 0.901 (Adjusted R Squared = 0.819) 

 

 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   γ-tocopherol   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .630
a
 5 .126 225.627 .000 

Intercept 21.789 1 21.789 39025.209 .000 

Butter .630 5 .126 225.627 .000 

Error .003 6 .001   

Total 22.422 12    

Corrected Total .633 11    
a
 R Squared = 0.995 (Adjusted R Squared = 0.990) 
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Appendix 4. (Cont.) 

Tests of Between-Subjects Effects 

Dependent Variable:   Total tocopherol   

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 3.805
a
 5 .761 13.605 .003 

Intercept 9148.850 1 9148.850 163567.038 .000 

Butter 3.805 5 .761 13.605 .003 

Error .336 6 .056   

Total 9152.990 12    

Corrected Total 4.141 11    
a
 R Squared = 0.919 (Adjusted R Squared = 0.851) 
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Appendix 5. Anova result for minerals in butter samples 

Tests of Between-Subjects Effects 

Dependent Variable:   Calcium   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 20310.337
a
 5 4062.067 94.216 .000 

Intercept 157657.518 1 157657.518 3656.730 .000 

Butter 20310.337 5 4062.067 94.216 .000 

Error 258.686 6 43.114   

Total 178226.541 12    

Corrected Total 20569.023 11    
a
 R Squared = 0.987 (Adjusted R Squared = 0.977) 

 

 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Phosphorus   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 14738.287
a
 5 2947.657 141.581 .000 

Intercept 91701.832 1 91701.832 4404.597 .000 

Butter 14738.287 5 2947.657 141.581 .000 

Error 124.917 6 20.820   

Total 106565.036 12    

Corrected Total 14863.204 11    
a
 R Squared = 0.992 (Adjusted R Squared = 0.985) 

 

 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Magnesium   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 160.193
a
 5 32.039 48.543 .000 

Intercept 3805.641 1 3805.641 5766.122 .000 

Butter 160.193 5 32.039 48.543 .000 

Error 3.960 6 .660   

Total 3969.794 12    

Corrected Total 164.153 11    
a
 R Squared = 0.976 (Adjusted R Squared = 0.956) 
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Appendix 5. (Cont.) 

Tests of Between-Subjects Effects 

Dependent Variable:   Potassium   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 25807.664
a
 5 5161.533 99.652 .000 

Intercept 220062.917 1 220062.917 4248.691 .000 

Butter 25807.664 5 5161.533 99.652 .000 

Error 310.773 6 51.795   

Total 246181.353 12    

Corrected Total 26118.436 11    
a
 R Squared = 0.988 (Adjusted R Squared = 0.978) 

 

 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Sodium   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 19859.274
a
 5 3971.855 115.102 .000 

Intercept 136324.347 1 136324.347 3950.612 .000 

Butter 19859.274 5 3971.855 115.102 .000 

Error 207.043 6 34.507   

Total 156390.664 12    

Corrected Total 20066.317 11    
a
 R Squared = 0.990 (Adjusted R Squared = 0.981) 
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