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ABSTRACT 

Whey retains 50% of milk solids and can be transformed into various products like whey 

protein concentrate, whey proteins isolate, powder and whey cheese. The production of whey 

cheese (Ricotta) is the cheapest way to conserve whey by the small scale cheese producers in 

Pakistan. The impact of temperature (60-90°C), pH (3-7) and CaCl2 concentration (2.0-

6.0mM) on the Ricotta cheese yield from liquid and concentrated whey was investigated in 

the study. Twenty preliminary experiments were run following Central Composite Design 

(CCD) on liquid and concentrated whey separately. Response Surface Methodology (RSM) 

was used to optimize the conditions and obtained an empirical polynomial model to fit the 

experimental data. The conditions optimized by the RSM showed lower yield than the 

observed values developed by CCD. Three best conditions for higher observed yield values 

were selected for the production of Ricotta cheese from liquid (RCLW1: 75°C, pH 8.4, CaCl2 

4mM, RCLW2: 100°C, pH 5, CaCl2 4mM, RCLW3: 90°C, pH 7, CaCl2 6mM) and 

concentrated whey (RCCW1: 75°C, pH 8.4, CaCl2 4 mM, RCCW2: 100°C, pH 5, CaCl2 4mM, 

RCCW3: 90°C, pH 7, CaCl2 6mM) with the addition of buffalo skim milk (9:1 ratio). The 

RCCW2 and RCLW3 exhibited the highest yield, proteins and total solids. The fat and ash 

contents were higher in RCCW as compared to RCLW. The lactose and total solids varied 

from 5.42 to 5.82% and 29 to 34% respectively among cheese samples. Total viable counts 

(TVC) of Ricotta cheese were in the range from 4.16×104 to 7.19×104 cfu g-1. Comparatively 

higher numerical values of TVC were observed in RCLW than RCCW. Yeast and molds 

varied from 1.20×102 to 3.51×102 cfu g-1 and RCCW1 had the highest count. Higher scores 

were awarded to RCLW3 followed by RCLW2 with respect of sensory evaluation. The 

cheeses prepared from concentrated whey (CW) obtained poor scores due to its dark color 

and bitter taste. The CW was also used for yogurt (5-30%) preparation. The increase in total 

solids (13 to 23%) with the addition of CW had a positive impact up to 10%, but the higher 

levels produced some quality defects in yogurts like syneresis, low WHC and viscosity. It is 

concluded from research that Ricotta cheese prepared from liquid and concentrated whey at 

90°C, pH 7, CaCl2 6mM has higher yield, but RCCW can be used as an ingredient in other 

food products due to its higher fat content and protein content but not for direct consumption 

due to its lower sensory quality as compared to RCLW. It is also concluded that addition of 

10% concentrated whey to yogurt improves the sensory, rheological and compositional 

attributes of set yogurt. 

Keywords: Concentrated whey, Central Composite Design, Response Surface Methodology, Ricotta 

cheese, yogurt 
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CHAPTER-1                   INTRODUCTION 

Livestock and dairy are the most valuable sectors of agriculture based countries like Pakistan 

that play an important part in the country's economy. Pakistan is the 4th largest milk 

producing country with 52.63 MT annual milk productions (GOP, 2015). Only 4-5% of total 

milk produced is used by the formal milk channel for processing. The rest is distributed as 

raw milk through informal channels (Abdrabo et al., 2009). Buffalo milk is contributing 65% 

of total milk production (32.18 MT) (GOP, 2015), which can be a good source for cheese 

production due to its high casein contents (Zicarelli, 2004). The production of Mozzarella 

and Cheddar cheese has immensely increased in Pakistan during the last few years due to 

increase in the number of Pizza restaurants. A very small quantity of whey, the byproduct of 

is being converted into powder by few industries, while the rest is drained.   

Generally, 80-90 liters of whey is generated from 100 liters milk during cheese 

manufacturing. It is estimated that about 180-190 MT/year whey is produced worldwide 

(Baldasso et al., 2011) and daily production of whey can be up to several millions of liters by 

large cheese plants (Guimaraes et al., 2010). Whey produced during the industrial cheese 

production can be a source of acute environmental pollution (Neirynck et al., 2004). If 

disposed off as an effluent, its share in environmental pollution due to its high biological 

oxygen demand (BOD) and chemical oxygen demand (COD), however a huge amount of 

capital investment is required for whey disposal (Panesar et al., 2007). On the other hand 

whey contains high quality proteins, which have positive impact on human health (Lollo et 

al., 2012). It is the dire need of cheese industry in Pakistan to make this by-product as a 

useful raw ingredient to be used for various dairy and other products (Aguirre-Ezkauriatza et 

al., 2010), which is more rational approach of whey utilization. Moreover, dairy products 

having whey in their formulations have revealed to be a good substrate for delivering and 

harbouring probiotic bacteria (Castro et al., 2013b).  

An economical way to commercially utilize the disposed off whey is to prepare products like 

sour cream, cheese, spreads, dressing, enhancers, desserts, sauces and dairy beverages 

without discarding or reprocessing costs of whey (Cha et al., 2006). Ostojic et al. (2005) 

reused the whey by adding into the cheese after its concentration, and they named the 

resultant product as "functional foods". The whey in the liquid form has very limited shelf 
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life, therefore different wys are adapted to concentrate it (increased shelf life), reduced cost 

of transportation and storage. It can be transformed into several products like concentrated 

whey, whey protein concentrate (WPC), whey protein isolates (WPI), reduced-lactose whey, 

whey powders and whey cheeses (Marshall, 2004). Generally, methods used for 

concentration of whey are salt treatments, acetone precipitation, hydRochloric acid 

precipitation, thermal precipitation, vacuum concentration, ultrafiltration (UF), freeze drying 

and spray drying (Jimenez et al., 2012). Traditional methods used for concentration of whey 

proteins may affect the nutritional and biological properties of the products at various levels. 

Moreover, processing conditions and chemical additives (temperature, holding time, agitation 

rate and pressure) has been presented to affect protein conformation, pH and yield (Beolchini 

et al., 2004; Casal et al., 2006).  

The WPC has high nutritional quality, excellent functional properties and desirable sensory 

characteristics (De la Fuente et al., 2002). It is widely used in meat products due to its 

gelation and emulsification properties (Yetim et al., 2001). Concentrated whey has been used 

efficiently as a sugar replacer in bakery and confectionery (Alsaed et al., 2013). Vacuum 

concentrators are environmentally efficient and cost-effective for the liquid whey 

concentration. Vacuum concentrators emit no fumes and other emissions into the 

environment, utilizing an enough amount of electricity and permit the recovery of solvents 

used in the process for later reuse. They have a life span of over 20 years and can also work 

autonomously 24 hours/day, requiring practically no maintenance. 

In food processing, heating is a common practice which affects the functionality of whey 

proteins (WPs) by inducing denaturation, aggregation and flocculation. Rate and degree of 

whey protein denaturation depend on various factors like temperature, protein concentration, 

pH, ionic strength, total solids and solvent conditions (Iordache and Jelen, 2003; Wang et al. 

2006; Fernandez et al., 2011). The major whey protein, β-lactoglobulin (β-Lg) precipitates 

rapidly at high temperature (70-120ºC) at neutral (pH 8) pH, while the α-lactalbumin (α-La) 

aggregates and precipitates better at acidic pH (3.5-5.5) and lower temperature (50-65ºC). 

The heat denaturation sequence of whey protein is α- La > bovine serum albumin (BSA) > 

Immunoglobulin (Ig) > β- Lg (Wang et al., 2006; Fernandez et al., 2011). Denaturation level 

of β- Lg also increases by heating in the presence of calcium (5 mM) and at high pH values 

(O’kennedy and John, 2009).  
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The transformation of the surplus whey into Ricotta cheese is a useful solution according to 

the situation in Pakistan as segregation of whey ingredient by membranes is quite expensive. 

Cheese production is limited to the Cottage, Cheddar and Mozzarella at small scale (Agrawal 

et al., 2008). Ricotta cheese is not well known in Pakistan; therefore milk processors are not 

well aware of its production. Ricotta cheese is likely to be the oldest one among the products 

made from whey (Pizzillo et al., 2005). It is basically a co-precipitate of proteins having soft 

texture, mild flavor and is characterized as a high-moisture product. Conventionally, Ricotta 

cheese is manufactured by using whey and milk from sheep, goat, buffalo and cow (Modler 

and Emmons, 2001; Pirisi et al., 2011). Ricotta which literally means “recooked” is an Italian 

cheese, which is soft textured, high in moisture (Modler and Emmons, 2001; Pizzillo et al., 

2005), grainy and creamy white in appearance (Silvi et al., 2011). Due to the gentle nutty 

flavor and grainy texture, it is generally used as a table cheese or combined with other 

ingredients of cheesecake, pasta, pizza, sandwiches (Del Nobile et al., 2009), spread, dips, 

dressing (Kosikowski, 1982; Modler and Emmons, 2001; Cha et al., 2006), dairy fermented 

beverages (Masson et al., 2011), wiped dairy desserts, cream cheese and confectionary 

fillings (Fox et al., 2000; Silvi et al., 2011). It can be used as a mayonnaise replacer in 

traditional egg or tuna salad and as a sauce thickener. It is often used as a replacement 

of paneer in the Pakistani cuisine.  

Ricotta cheese has traditionally been prepared from whey or milk or mixture of both (Pizzillo 

et al., 2005; Stanciuc et al., 2010) by heating (85-90ºC), acidification following the 

coagulation of the whey proteins (Modler and Emmons, 2001; Sahul and Das, 2009). The 

yield and other characteristic of Ricotta cheese are affected by several factors during 

manufacturing, which have been studied extensively, but none of the research work has been 

conducted on the combined effect of pH, temperature and calcium chloride on the quality and 

yield of Ricotta cheese.  

Yogurt, a fermented dairy product is prepared using starter culture of Streptococcus subsp. 

thermophilus salivarius and Lactobacillus delbrueckii subsp. bulgaricus (Tamim and 

Robinson, 1999; Sandoval-Castilla et al., 2004). Concentrated whey can also be used to 

standardize the solids not fat (SNF) of yogurt milk. Concentrated whey used at different 

levels can impact on the yogurt acceptability and quality characteristics. Increase in total 

solids (TS) and protein improved yogurt texture and consistency (Tamime and Robinson, 
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1999; Almeida et al., 2008). Consistency of set-style yogurt is increased by the fortification 

of 2% WPI instead of 2% SMP (Guggisberg et al., 2004). Whey also improves the viscosity 

and protein content of the yoghurt products (Patocka et al., 2004).   

Keeping in view the cost and nutritional value of the cheese whey, the present study was 

undertaken to use the liquid and concentrated whey for the production of Ricotta cheese and 

yogurt. 

Hypothesis 

 The combination of temperature, pH and CaCl2 can affect the yield and quality of Ricotta 

cheese. 

 Use of whey concentrate can improve the quality of yogurt. 

The specific objectives set to be attained were; 

1. To determine the effect of different combinations of temperature, pH and CaCl2 on the yield 

and texture of Ricotta cheese from concentrated whey 

2. To study the effect of the best combinations on different characteristics of Ricotta cheese 

3. To study the effect of concentrated whey on the quality of the yogurt        
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CHAPTER-2                                    REVIEW OF LITERATURE 

Dairy and livestock sectors are playing important role in the economy of Pakistan with an 

increase of 11% GDP, although milk production per animal is lower than the international 

standards (Burki et al., 2004). It is estimated that consumption of dairy products would 

subsequently increase to 20% or more worldwide before 2021 (FAO, 2014). Increase in milk 

production and its transformation into products can contribute an utmost role to overcome the 

challenges of food security at present and in the future (IDF, 2013). Conservation of milk 

into cheese is one of the traditional methods dating back 6000 to 7000 BC. More than 1000 

cheese varieties are available in the world (Fox et al., 2000; USDA-FAS, 2012), which are 

categorized on the basis of origin, forms, composition, ripening, flavor, taste and 

manufacturing process (Beresford et al., 2001; Walstra et al., 2006). Production of cheese is 

at a limited extent in Pakistan, because of the lower milk quality, dietary habits and lack of 

knowledge and skills for the production of cheese (Sameen et al., 2010). The whey a 

byproduct of cheese industry was considered insignificant in the past and either used for 

animal feeds or disposed off as a waste by creating environmental pollution.  

The present research work was conducted to conserve the whey obtained from buffalo 

Cheddar cheese into concentrated whey and Ricotta cheese. The literature collected from 

different sources regarding the importance of whey and its conversion into cheese is 

presented here under the following headings; 

2.1 Present situation of whey in industry? 

The dairy industries discharge large amounts of effluents during cleaning silos, heat 

exchangers, tanks, pipes, homogenizers and other equipment (Ramjeawon, 2000). Normally 

at an average 2.5-3.0 L of effluents are generated per litter of milk processed, which contain 

casein, large quantities of fat, lactose, whey, sludge, inorganic salts, sanitizers and detergents 

(Briao and and Tavares, 2007). These effluents are the sources of high organic load with high 

levels of BOD and COD.  BOD is directly correlated with milk effluents (90 to 94%) and 

could reach up to 2% of the milk volume processed by the industry (UNIDO, 1999a).     

Whey is the “Milk serum obtained after casein precipitation from skim milk and whole milk 

during cheese manufacturing” (Hoffman and Falvo, 2004). The average cheese yield is 1 kg 
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from 10 liters of milk producing 9 liters whey. The annual global increase of whey 

production is up to 2%, which is parallel to annual increase in milk production (Smithers, 

2008). The discharge of whey creates serious environmental problems, as it contains high 

organic substances (~ 70 g COD/L) and low alkalinity content (Mawson, 1994; Merina et al., 

2001; Smithers, 2008). BOD of the whey varies from 38,000 to 46,000 ppm even in some 

cases it rises up to 76000 ppm (Merina et al., 2001). Lactose the main component of cheese 

whey causes 90% organic loads (Ghaly and Kamal, 2004). Yorgun et al. (2008) mentioned 

that organic load could raise upto COD of 100,000 mg O2 L
-1, which affects the structure of 

soil and reduced crop yield (Spalatelu, 2012). When whey is released into water bodies, it 

disturbs the marine life by removing the dissolved oxygen. In short it can severely effect 

environment and human health as well, so effective and long term solution is required.  

Traditionally, whey was disposed off by the cheapest possible methods such as fed to 

animals, used for irrigation, dumped in waterways, or treated as effluent. The cheese making 

industries were less interested in the use of whey; hence they were dumping it in the 

sewerage system. This way of whey disposal is unacceptable for environmental reasons, 

while technologies have made possible to recover whey ingredients in a cost effective 

manner. Regulations for minimizing disposal of untreated whey and recognizing the 

importance of whey by processors, its values enhanced in the late 20th century (Smithers, 

2008). Different techniques can be used for the biological treatment of waste water which 

helps in the safe disposal of whey, but these techniques or methods are expensive (Singh et 

al., 2013). Considering the situation of Pakistan, the better solution is to process the whey 

into value added products, which may reduce the disposal costs and increase the profitability 

of cheese industry (Smithers, 2008). Approximately 70% of the whey is processed into 

different products, and almost 30% of the whey is still being utilized for pig feeding, spread 

on agricultural land as fertilizer or even dumped into the rivers or the sea (Jelen, 2011). 

In the current scenario of Pakistan, there is a dire need to utilize the whey to save the 

environment from pollution, which is treated as waste, irrespective of fact that it contains 

globular proteins having a unique nutritional profile, higher biological value, lactose and 

minerals. The dairy industry is focusing on innovative modes for the conversion of its 

effluents into value added products (Sava et al., 2005; Yalcin, 2006). Addition of whey 

http://www.ncbi.nlm.nih.gov/pubmed?term=Yal%C3%A7in%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=16729875
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constituents and their derivatives such as whey concentrate exhibit physiological roles and 

functional attributes in the food products (Wright et al., 2006).  

2.2 Composition of whey  

Whey is classified into two types, sweet whey and acid whey.  Sweet whey is produced 

during the manufacture of rennet coagulated cheeses e.g., Mozzarella, Cheddar, Swiss, Brick, 

and Gouda with low concentration of acids and ash. Sweet whey has pH 5.80 to 6.60 and 

titratable acidity of 0.10% to 0.20% (Pouliot, 2008). Acid whey is the effluent discharged 

during acid casein production or directly acidified cheeses such as Cottage, Cream and 

Chevre cheese with higher concentration of acids and ash. Acid whey has a pH 4.0 to5.0 and 

titratable acidity of 0.40% to 0.60% (Welderufael and Jauregui, 2010). For acid casein 

production, milk is acidified to a pH of 4.6 (isoelectric point), at which the casein precipitates 

and coagulates. The minerals composition of acid whey includes high phosphate and calcium 

than sweet whey. It can be used in salad dressings, frozen desserts and snack foods. Acid 

whey has about 0.7% ash while sweet whey has 0.4% ash (Pintado et al., 2001; Foegeding et 

al., 2002; USDEC, 2003).  

Whey should be pasteurized or cooled down to less than 4°C immediately after its production 

to restrict more production of acids released by the cultures and breakdown of whey proteins 

by proteolytic enzymes. The quality of cheese whey depends upon the quality of milk used, 

which ultimately influenced by the variation in the feed, animal health and its lactation stage 

(De Wit, 2001). Whey contains more than 50-55% of the total solids such as whey proteins 

(20%), high amount of the lactose, water soluble vitamins and minerals as present in the 

original whole milk (Fox et al., 2000; Atra et al., 2005; Spahn et al., 2008). In general, liquid 

whey contains whey protein (0.7%), casein protein (0%), lactose (4.9%), ash (0.7%), fat 

(0.05%) and total solids (6.35%) (Smithers, 2008).  

Whey proteins are composed of α-La, β-Lg, glycomacropeptides (GMP), lactoferrin, (LF), 

Ig, BSA, lactoperoxidase (LPs) and lysozymes (Chatterton et al., 2006; Jovanovic et al., 

2007; AdilRocafi et al., 2011). Whey proteins have exceptional physicochemical and 

functional properties (Stanciuc, 2010) and rich in all essential amino acids mainly valine, 

leucine and isoleucine. Leucine is specifically an essential element for repair of growth tissue 

(Anthony, 2001). Leucine, valine and isoleucine are considered to be performing an 
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important role as glucose homoeostasis, metabolic regulators in proteins, lipid metabolism 

and in weight control (Walzem et al., 2002; Harper, 2004; Smilowitz et al., 2005; Smithers, 

2008). Sulphur containing amino acids such as cysteine and methionine is also found 

enormous in whey proteins, containing three to four times more than other proteins (Walzem 

et al., 2002). They play a significant function as antioxidants in one carbon metabolism and 

as precursors to the glutathione, which is investigated as anti-aging agent. Whey proteins 

have also found applications in supplementation and food fortification (Shoveller et al., 

2005; Omole et al., 2012). 

β-Lg is the major protein of whey (50-55%) of total whey proteins produces in mammary 

gland and secreted in the milk. Ruminants and other monogastric animals like cow, sheep, 

dog and cat secrete β-Lg in their milk (Sawyer, 2003). It is water soluble containing 162 

amino acids and exists in globular form with 18 kDa molecular mass at a pH of less than 3 

(Morr and Ha, 1993; Kontopidis et al., 2004). β-Lg has a range of fundamental dietary and 

functional properties that made β-Lg and whey products an important ingredient in the 

formulation of designer foods and beverage (Chatterton et al., 2006).  

The second most important whey protein is α-La, making up 20-25% of the total whey 

protein and fully synthesize in the mammary gland (Chatterton et al., 2006). It contains 123 

amino acids and molecular mass of 14.2 kDa (Brew, 2003; Pellegrini, 2003). It is also 

globular protein in nature and structure is maintained by four disulphide bonds. It is a 

calcium binding protein (Ramboarina and Redfield, 2003) that regulate lactose biosynthesis 

by acting as a coenzyme (De Wit, 1998).  

α-La is a rich source of the important, indispensable amino acids cysteine and tryptophan, 

which are the originators of glutathione and serotonin respectively. It has been hypothesized 

that the oral uptake of α-La could increase the capacity to deal with the stress. A diet rich in 

α-La can affect positively biomarkers involved in the stress relief and depression in a clinical 

study of human vulnerability to stress (Markus et al., 2000). α-La enhances mental tasks in 

tension susceptible subjects by improving nervous serotonin and tryptophan action (Markus 

et al., 2002). In the animal it is found that α-La can gives protecting effect against injury of 

gastric mucosa. (Matsumoto et al., 2001; Ushida et al., 2003).  

GMP is the C-terminal glycopeptide also called as casein macropeptide (CMP), released 

from the κ-casein molecule by the action of chymosin during cheese manufacturing. It is 10 
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to 15% of total whey proteins having a molecular weight of about 8 kDa (Abdel-Salam et al., 

1996; Thoma-Worringer et al., 2006). It is rich in branched chain amino acids, but deficient 

in methionine, phenylalanine that makes it safe for phenylketonuria patients (Bonang et al., 

2000; Brody, 2000). GMP contains high amount of sialic acid content, which may provide 

positive effects in the development of the brain and improvement of learning ability (Wang et 

al., 2001). GMP may be present in sweet whey but not in acid whey due to isoelectric 

precipitation of casein rather than rennet hydrolysis because acid whey is formed when the 

pH is reduced to 4.6 (Lowe et al., 2011).  

BSA is a rich source of amino acids and about 10 to15% of whey protein (Marshall, 2004).  

Its molecular weight of 66 kDa and contains 582 amino acid residues (Morr and Ha, 1993). 

The biological function of BSA is protein transport for insoluble fatty acids. BSA is not 

synthesized in the mammary gland; it enters the milk by passive diffusion from blood 

streams (Walsh and Duncan, 2000). At pH 6.5 heats-induced aggregation of BSA  occurs due 

to an intermolecular thiol-disulphide substitution, similar to β-Lg (De Wit, 1989).  

Ig belongs to compounds responsible for immunity that transfer to young through mammary 

secretions known as antibodies (Hurley, 2003). Ig account for approximately 2% of total 

milk protein and 8-10% of whey protein (Walsh and Duncan, 2000; Tong et al., 2000).  

LF is an iron binding glycoprotein having single chain that makes up less than 1-2% of total 

whey proteins. This protein is involved in natural defense system and present in most body 

secretions commonly including milk, colostrum, tears, intestinal mucus, saliva, bile and 

pancreatic juice (Ward et al., 2005). LF has gained a lot of attention to the potential bioactive 

properties supporting the immune system (Haug et al., 2007; Ko and Kwak, 2009; Oo et al., 

2010). LPs is a polypeptide that makes up about 1% of whey protein that has been identified 

as a natural antimicrobial, especially at high concentrations, which offers a possible 

biological role. The molecular mass is of lactoperoxidase is about 78 kDa and is made up of 

612 amino acid residues (Pruitt, 2003).  

In addition to the proteins, whey is a good source of others value added dairy components 

containing lipids, lactose, minerals and vitamins such as riboflavin, thiamin, vitamins B6, 

B12 and pantothenic acid. Whey addition into food provides exceptional nutritional benefits. 

Lactose is a carbohydrate of milk and only sugar of animal origin. Lactose in its pure form is 
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a white, water soluble crystalline powder of moderately sweet taste with no odor. It is 

extensively used in food and pharmaceutical industries due to its nutritional importance and 

several functional properties (Belury, 2002; Walzem, 2002; Harper, 2004).  

Minerals represent a very small portion (0.07%) of milk on a wet basis (Fox, 2009). The five 

most abundant minerals in milk are potassium, calcium, chloride, phosphorus and sodium 

(Cashman, 2006). The potassium slow down and possibly prevent renal disease and lowers 

urinary calcium excretion. The intake of calcium is complimented with potassium intake to 

increase its retention in the body (He et al., 2008). Calcium can protect against many chronic 

diseases like hypertension, osteoporosis and some (Miller et al., 2000). Chloride is an 

essential anion, which plays an active role in keeping fluid levels in the body. It also 

contributes to control the electrolyte balance. Phosphorus obtained through milk and dairy 

products can contribute as much as 30-45% of the total phosphorus intake of people in 

western countries and plays a pivotal role in the metabolism (Cashman, 2002). 

Whey proteins have many functional properties such as gelling, emulsification, foaming or 

whipping, viscosity, higher solubility and water binding ability. Whey proteins are present in 

round folded form. Their globular structure increase their solubility and efficiency during 

emulsification and whipping functions. During the formation of whey protein concentrate 

different factors are controlled in order to improve their quality attribute such as ionic 

environment, pH and heating action that control their functionality in different food products. 

In the manufacturing of whey protein, every aspect of the process, including the type of 

cheese produced and the starter culture as well as the processing conditions can contribute to 

the functionality of the whey protein ingredients (Onwulata et al., 2004). 

Whey proteins are used to control the texture of many food products and whey thus alter the 

rheological properties of food products. Whey proteins are recognized due to their high 

nutritional profile as they are believed to play a potential role by providing vital nutrients and 

protective compounds (amino acids and peptides) against aggression or by a regularity action 

on different physiological functions. On the other hand, nutritional value of dietary protein is 

usually expressed in terms of their ability to attain nitrogen and amino acid requirements for 

tissue growth and maintenance. This ability is based on the digestibility of protein, 

composition of indispensable amino acids and metabolism of these amino acids after 
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adsorption into the body (Millward, 2000). One property of whey protein concentrates is to 

make gels on heat treatment. In food products an important mineral is calcium, which takes 

part in gelation. The concentration of free calcium in food product plays vital role in 

establishing the gel structure and also affect water holding characteristics. In food products 

these gels hold water and additional food constituents other than protein (Meza et al., 2010). 

Water binding is one of the important functions of WPC. They bind water and therefore 

increase viscosity and texture of the product. As they replace oil with water therefore 

decrease the product cost and improve the body and mouth feel of low fat foods. This 

property of whey protein concentrates is being used in reduced fat salad dressings, seafood 

and chopped meat products. When whey protein concentrates are used in salad dressings, its 

water holding capacity (WHC) increases and therefore viscous and better quality product is 

obtained. Processed meat and sausages can also be benefited by the addition of whey protein 

concentrates, because they help in water binding and therefore bind meat pieces together 

providing good quality product (Johnson, 2000). Water binding capacity is impacted by the 

solubility index of proteins, which depend on the ratio of hydrophobic to hydrophilic residues 

in the protein structure. The whey proteins are soluble in the pH range of 2 to 9 which makes 

them appropriate at acidic pH for incorporations into various food products like carbonated 

beverages (Zhu et al., 2008).  

2.3 Present applications of whey  

Whey has gained several applications in the food and pharmaceutical products because of its 

unique nutritional and functional properties (Smithers, 2008; Yorgun et al., 2008). 

Approximately 50% of cheese whey produced in the world is processed and converted into 

numerous food products, from which half amount is utilized directly in liquid form, 30% for 

whey powder, 15% as lactose and the remaining as WPC (Spalatelu, 2012). Whey is widely 

utilized by the food industry in beverages, bakery, confectionery, desserts and cheese spread 

(Ha and Zemel, 2003). Whey protein considered a useful ingredient in infant formula, weight 

reduction and weight gain diets, protein fortified fruit juices and other healthy foods and 

drinks (Omole et al., 2012). 

The products of whey is whey include powder, concentrated whey (CW), WPC, WPI, α-La 

fractionation, specific peptides, lactose, lactic acid and bioethanol (Marshall, 2004; Zhu et 
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al., 2008; Rajka et al., 2014). The market for whey products is a rapidly growing in the food 

manufacturing industries. New processing technologies enable manufacturers to increase 

concentration levels, several whey protein products have been developed that increase the 

application of whey protein as an ingredient in various products (Wright et al., 2006). These 

are being used in food industry as they have many functional characteristics like 

emulsification, solubility, foaming ability and gelation. These functional characteristics can 

be affected by the heat treatment (Meza et al., 2010). 

Whey protein powder contains 11-14.5% of protein and 63-75% of lactose, available in 

different forms such as acid whey, sweet whey, reduced whey and demineralized whey. In 

the food industry, it has been added in bakery, beef, snacks, confectionery and dairy 

products. Both reduced and demineralized varieties are added in all products except sports 

nutrition (Hoppe et al., 2008). WPC contains 34-80% proteins are processed through a UF 

membrane which eliminates the water, lactose, minerals, ash and increased the concentration 

of proteins. It also contains biologically active components, making it an important part of 

supplements used by sportsman. WPC has high nutritional value and generally recognized as 

safe (GRAS) (Hoppe et al., 2008). The food value and quality of the common products can 

be enhanced with the addition of WPC, as it improves the nutritional composition and taste. 

WPC has been used very commonly as a substitution for fat in ice cream (Rowland, 1938), 

for albumen protein in cake (Schmidt et al., 1972), and as a stabilizer for cornmeal bakery 

products (Pontecorvo, 1973). It has a wide range of applications in food product due to their 

high nutritional quality, excellent functional properties and desirable sensory characteristics 

(De la Fuente et al., 2002). Due to its gelation and emulsification properties, WPC has been 

used in meat products (Yetim et al., 2001) as well. 

Whey Protein Isolate (WPI) is a purified type of whey protein having 90% of the protein 

content. WPI are achieved by the process of ultrafiltration (UF) along with diafiltration (DF). 

Fat and lactose have been removed in WPI processing, making it a safe product for lactose 

intolerant people (Geiser, 2003). During the manufacturing process of WPI denatured whey 

protein is often formed. Due to the denaturation process, peptide bonds loose causing the 

protein structure to break down and decrease the protein efficiency. WPI is being used in 

infant and sports formulas to increase protein concentration of the product or they can be 

hydrolyzed to get important peptides (Lucena et al., 2007). 
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Whey Protein Hydrolysates (WPH) are produced through enzymatic such a fungal protease 

and papain or acids or alkali hydrolysis of concentrated whey proteins into peptides of 

varying sizes and free amino acids (Sinha et al., 2007). The degree of hydrolysis is the term 

used to describe the extent in which a protein has been hydrolyzed by proteases and it plays a 

role in the functioning of WPH. WPH, with their variable functionality and high nutritional 

value, has been used in a number of products including acid beverages, fruit juices, nutrition 

bars, tablets and supplements, pet food, yogurt drinks and smoothies, infant milk formula, 

convalescence foods, meal replacement products and weight management products (West 

and Gallagher, 2007). Concentrated whey (11.5%) TS blended with toned milk were used to 

prepare optimum quality of tea whitener with good sensory attributes (Mazhuvanchery and 

Kulkarni, 2013). Concentrated whey efficiently used as a sugar replacer in the local food 

industry like bakery and confectionery (Alsaed et al., 2013). 

2.4 Concentration of whey  

The whey in the liquid form has very short shelf life, hence different ways are adapted to 

concentrate it to increase its shelf life, to reduce the cost of transportation and storage. These 

nutrients can be conserved through several means into products by vacuum concentration, 

membrane separation, evaporation, and by freeze concentration. Traditional methods used for 

concentration of whey are by salt treatments, acetone precipitation, hydRochloric acid 

precipitation and thermal precipitation. Now different techniques are used such as membrane 

separation, evaporation, vacuum concentration, freeze drying, high pressure processing and 

spray drying etc. (Mockaitis et al., 2006; Jimenez et al,. 2012). The commercial method for 

the whey concentrations is the thermal evaporation. Common methods used for whey protein 

concentration have several levels of functions and influences on the biological activities and 

nutritional properties of the products (Jimenez et al., 2012). Many whey protein products are 

prepared from different types of whey and they vary in relating to their protein concentration, 

lactose, lipids and minerals. 

2.4.1 Membrane separation 

Membrane separation techniques have been used for the separation of biological components 

like proteins, peptides, amino acids, salts and other compounds like organic acids, sugars, 

and vitamins. Microfiltration has been used in milk processing for several decades and 
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nowadays ultrafiltration and nanofiltration are the most important processing techniques in 

milk and whey concentration (Darnon et al., 2003).  

Concentrate or retentate are the particles which are retained by the membrane while the 

particles that called filtrate or permeate passes through the selective membrane layer. 

Membrane separations have more benefits over the conventional methods. The process is 

carried out at low temperature, which protects the heat sensitive components from injury and 

reduces operational cost. Different types of additives are not necessary for the process and 

there is a good chance to develop many technologies. Traditional method of membrane 

processing consists of microfiltration, reverse osmosis, diafiltration, ultrafiltration, and 

nanofiltration (Atra et al., 2005). Ultrafiltration (UF) is a membrane separation process 

(MSP) normally used to hold macromolecules and the process for the concentration become 

more economical because it does not use heat for the concentration of whey proteins and 

does not require a phase change. Use of ultrafiltration technique in the dairy industry takes 

place mainly for the concentration and separation of whey proteins. The main objective of 

ultrafiltration of whey is to prepare whey protein powder by the concentration of the native 

or pre-denatured whey proteins. Whey protein powders contain different protein content, low 

ash and lactose contents (Brans, 2006; Saxena et al., 2009). UF is a good choice of 

processing method for the preparation of WPC containing valuable functional properties 

(Rajeshwari et al., 2000). Jimenez et al. (2012) reported that maximum protein contents 

gained by using UF and salt treatment. The economic advantages of UF are limited as a 

considerable amount of whey proteins are retained already by traditional process, whereas 

the application of heat is sufficient to coagulate and denature the whey proteins (Lelievre and 

Lawrence, 1988).   

Saxena et al. (2009) estimated that the quantity of lactose in the UF whey and nanofilterated 

permeate is the same. They further reported that BOD of permeate from the ultrafiltration is 

30,000-45,000 mg O2/L, so it is not recommended to directly discharge it into the sewage as 

waste water. The synergistic effect of different techniques is used by combining different 

techniques like diafiltration with nanofiltration to enhance mineral separation by membrane 

filtration. 
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Reverse osmosis (RO) can be used prior to vacuum evaporation to partially concentrate the 

whey. Removal of lactose and minerals is difficult, so for its removal ultrafiltration required 

reverse osmosis process (USDEC, 2003). Amount of partially retained components in the 

multicomponent solution like whey can be removed by diafiltration, while deionized water is 

added to the retentate to enrich other components. Whey can be concentrated to a level of 20-

25% in membrane filtration at below 70o C economically. More concentration below 20% is 

problematic due to fouling of membranes (Gupta and Magee, 2007). 

2.4.2 Vacuum concentrations 

Vacuum concentrators (VC) and RO system concentrate the solid contents by removing 

water, but they did not change the solid content ratios. The amount of concentration of whey 

by RO is limited due to the removal of water cause increase in viscosity and osmotic pressure 

of the whey. VC are environmentally efficient and highly cost-effective for the concentration 

of whey, since they consumed an adequate amount of electricity (150 - 250 w) for 

evaporation, which  permit the solvent used in the recovery process for later reuse and 

discharge no fumes and emissions into the environment. Low temperature is used in this 

process which increases the retention of thermally delicate components and flavors 

(Miyawaki, 2003).  

The VC used a combination of vacuum, heat and centrifugal force for the evaporation of 

liquid whey. The method is used for purification, evaporation, drying and especially for fast 

concentration. Concentration of whey was optimized by controlling of several factors like 

temperature, vacuum and pressure. Low pressure and high vacuum are always used during 

evaporation, which helps to boil at a lesser temperature and thus reduces the damage loss due 

to heating. To avoid structural changes in the proteins, whey should not be heated at a 

temperature higher than 70oC during evaporation. Thermal evaporation is the conventional 

method of whey concentration. Evaporation also concentrates the liquids resulting in 50–60% 

total solids (Bakshi and Johnson, 1983). 

VC is considered to be the practical method for recovering the solid contents without 

changing the functionality and nutritive properties of whey proteins (Haque and Ji, 2003). It 

is a common type of evaporation, which under vacuum vaporize and remove the water from 

whey at temperatures 60-70oC. The structure of whey proteins can be irreversibly altered 
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(denatured) by heat and whey protein denaturation is minimized. Type of evaporators, the 

amount of vacuum used and time/temperature combination are significant factors that can be 

diverse to change the final properties of whey. Usually, concentrator conditions are 

designated that reduce the breakdown of whey proteins. VC is used for the crystallization of 

sucrose solution in the sugar industry (Martin, 2006). Flash VC is used for the concentration 

of yeast extract solution (Revillion et al., 2003). Skim milk can be vacuum evaporated at 

temperatures up to 70oC without considerable thermal denaturation (Panis et al., 1991) 

because of the protective effect of increased total solids compared with that of 

unconcentrated milk. Iborra et al. (1993) described that lactose hydrolysis can be 

conveniently carried out during the vacuum evaporation. High consumption of energy, 

lactose and mineral content (ash) are the main disadvantages of this method. Heat treatments 

change the whey component characteristics, mainly the proteins, which are thermo labile. 

Nutritional and functional properties of whey proteins lose during heating. 

2.5 Effect of processing conditions on whey proteins 

2.5.1 Effect of heating temperature 

Protein denaturation is the alterations in secondary, tertiary or quaternary structures of 

protein during heating without breaking the backbone peptide bonds. The native structure of 

the proteins presents a net product of different intra and inter-molecular attractive and 

repulsive forces, which is thermodynamically most constant conformation which is formed 

under precise processing conditions (Zhu et al., 2008).   

In food processing, heating is a common practice, which affects the functionality of whey 

proteins (WPs). So, the heating temperature induces the denaturation, aggregation and 

flocculation. Whey protein denaturation is thought to  occur in two steps. In the first step, the 

protein unfolds and sulphydryl interactions on the protein surface initiate covalent bonding 

resulting in aggregation. The second step involves further interactions resulting in 

aggregation and ultimately precipitation (Fox et al., 2000; Agrawal, 2008; 

Anandharamakrishnan et al., 2008).  Whey protein denaturation starts at 65oC, but usually  

occurred more than 80oC. The degree of protein denaturation is mostly detected by the 

degree of ß-Lg denaturation, because it is about 50% of all whey proteins (Morr et al., 1985; 

Fox and McSweeny, 2003).  
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Variations in heat stability of major whey proteins have been recognized by different 

researchers. Fox and McSweeney (2003) gave the heat stability, order like α-La<BSA<Ig<β-

Lg. However, denaturation of α-La appears reversible. Later on Jovanovic et al. (2007) 

reported that temperature decreases the stability of whey proteins in the order as PP> α-La> 

ß-Lg> BSA> Ig. During heat treatment chemical complexes are formed between milk 

proteins which are known as co-aggregates. A decrease in pH and increase in temperature 

lead to faster interaction between whey protein and casein. The interaction kinetics of both β-

La and α-La with κ-casein are similar in a temperature range of 70-90ºC, which shows that 

the complex formed among β-Lg and α-La take part in the development of aggregates. At a 

temperature range of 75-90ºC, the rate of reaction between casein and whey protein is 

increased (Corredig and Dalgleish, 1999). β-Lg attain up to 55% association with casein 

micelles at a temperature range of 70-140ºC, whereas α-La attain the same degree of 

association at a temperature below 90ºC and 40% association at a temperature range of 95-

130ºC (Oldfield et al., 1998). The α-La is more heat stable than other main whey proteins 

(Fox and McSweeney, 2003).  

The thermal transition temperature of β-Lg is at 73oC. In another study of heat induced 

denaturation of β-lg, Sava et al. (2005) found that irreversible denaturation occurs beginning 

at 70-75°C as unfolding occurs and aggregates causing a loss of solubility at 78-82°C. 

Around 80°C, the activation of SH groups due to unfolding during lower heat treatment 

results in a decrease of protein stability affecting its solubility. Sulphydryl/disulfide 

interchanges reactions in an environment with a free thiol group and hydrophobic 

interactions cause aggregation. Heat induced denaturation promotes this interchange reaction 

as free sulphydryl groups buried is exposed during unfolding and available to react. Whey 

protein denaturation level increases at high temperature treatment (e.g. 95ºC for ≥1 min). At 

this temperature its interaction with κ-casein via thiol-disulphide exchanged (Anema and Li, 

2003). The alpha helices of the BSA are unfolded between 52 and 60°C, but these changes 

are reversible between 42 and 50°C (Considine et al., 2007). Its structure comprises of three 

domains which are stabilized by a complex of one free thiol group and 17 disulfide bonds. At 

temperatures above 60 °C, α-helices of BSA unfold irreversibly, and the thiol group catalyzes 

aggregation. Due to the high concentration of disulfide bonds in BSA, gelation occurs when 

heated to 70°C due to the intermolecular interactions. However, this is dependent upon 
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concentration, and does not occur unless the concentration is substantially higher than 

naturally found in whey (Considine et al., 2007). 

The factors which indicated the rates and pathways of physicochemical reactions are 

temperature and the protein concentration, pH, heating time, ionic strength, α-La/β-Lg ratio, 

solvent condition and the effect of other molecules (Iordache and Jelen, 2003; Rabiey and 

Britten, 2009). These processing conditions are the reasons of unfolding of the secondary, 

tertiary and quaternary structure, which cause denaturation and aggregation. These 

interactions are due to different forces like hydrogen bonding, electrostatic, van der Walls, 

disulfide and hydrophobic among whey proteins (Lee et al., 1992; Zhu et al., 2008). The 

tertiary structure of globular whey proteins along with other attractive and repulsive 

molecular interactions are stabilized by the cysteine residues with disulfide bonds at natural 

conditions (Monahan et al., 1993). 

2.5.2 Effect of pH  

The ability to form thermal gels is the major application of whey proteins (WPs) in food 

products. The understanding the process of aggregation and gelation of WPs and its 

functional properties can be incorporated into dairy products that will expand WP markets. 

WPs structure is dependent upon pH, whether it is in molecular form or in aggregated form 

(Kawamura et al., 1993; Ju et al., 1997). β-Lg exists as a dimmer at neutral pH (Nielsen et 

al., 1996). During acidification β-Lg dimmer was first separated and then monomers forms 

aggregates about its isoelectric point β-Lg is stable with monomeric and dimeric forms at pH 

3.5 (Macleod et al., 1995). Solutions of β-Lg are transparent at low and neutral pH and turbid 

near to isoelectric point. These turbid solutions make fine gels on heating. A transition 

between two structures occurs at pH 4-6 (Langton and Hermansson, 1992). β-Lg is insoluble 

in aqueous solutions having a low salt concentrations in the range of 4 to 5 pH. Electrostatic 

repulsions decrease due to the decrease in pH from neutral to the isoelectric point, which 

increases the protein-protein interactions to form the aggregates (Ju and Kilara, 1998). 

De Wit (1981) described that whey proteins are sensitive in the pH range of 2.5 to 3.5. The 

thermal transition temperature of native α-La normally occurs at less than 66°C. In α-La, 

there are eight cysteine residues in disulfide bonds and 3 aspartic acid residues that stabilize 

the calcium binding loop. At pH lower than 4, these bonds are broken and the calcium is lost, 
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resulting in a partially denatured molten globular structure due to protein unfolding. Under 

favorable pH conditions, between pH 4.5 and 5.5 and above pH 7.5, mild heat induced 

denaturation is reversible upon cooling to 20°C (Walsh and Duncan, 2000). 

2.5.3 Effect of calcium chloride  

Heat sensitivity of proteins increased due to the formation of ionic intermolecular cross links 

in the presence of calcium (Kilara, 2008). Calcium enhances the functionality and texture of 

the cheese by cross linking of proteins (Metzger et al., 2000). The quantity of accumulated β-

Lg is significantly increased by heating in the presence of calcium (5 mM) at high pH values. 

In the pH range 5.0–5.8, the denaturation level of β-Lg after heat treatment is similar in a 

mixture of both calcium (5 mM) and phosphate (5 mM) as in the calcium (5 mM) alone. At 

pH range 6.0–7.0 less denaturation occur due to the formations of insoluble calcium 

phosphates. The aggregation promoting properties of the calcium and calcium/phosphate 

systems are reduced by the addition of NaCl (100 mM). (O, Kennedy and John, 2009).  

The native structure of α-La is divided into two domains: first is mainly helical (α-domain) 

and second has important contents of β-sheets (β-domain), these are linked by a calcium 

binding loop (Permyakov and Berliner, 2000). It is the property of α-La to bind metal 

cations. Two domains of the proteins get locked in place to produce its native structure due to 

the presence of calcium during folding. Calcium not only stabilizes the native state, but also 

its secondary structure (Vanderheeren and Hanssens, 1999). However, the calcium attraction 

of α-La reduces at pH lower than 5, then the aspartic acid residues get protonated which 

results in unfolding of protein at lower temperatures and failure to regain nature on cooling 

(Fox and McSweeney, 2003). Whey proteins are unfolded and aggregated with the formation 

of different intermediate aggregates during heating, before a gel network is formed (Havea et 

al., 2002). Most of the research has been done on the denaturation of β-Lg in a salt solution, 

but very few studies were conducted on the effect of salts on the denaturation and 

aggregation of whey proteins. The presence of calcium in milk has been considered to 

increases the heat induced aggregation of whey proteins (Sherwin and Foegeding, 1997), but 

at a molecular level the interactions of these salt ion–protein is rarely understood (Simons et 

al., 2002).  It is recommended that the effects of salts or their combinations could be resulted 

in calcium induced protein aggregation. In the first phenomenon protein–Ca+2–protein 

complexes are formed by the cross linking of carboxylic groups or closely negative charged 



 
 

20 

molecules (Bryant and McClements, 1998; Hongsprabhas, 1999). The intramolecular 

electrostatic shielding of negative charges occurs on the proteins in the second phenomenon 

(Hongsprabhas and Barbut, 1997). Electrostatic interactions between charges proteins 

molecules are enhanced both by monovalent and divalent cations (Veerman et al., 2003). 

Ion-induced conformational changes take place in the third phenomenon which leads to 

altered hydrophobic interactions and aggregation at high temperatures (Wang and 

Damodaran, 1991). 

2.5.4 Effect of acidification  

A small quantity (10-20%) of milk is added to the production of Ricotta cheese, hence the 

casein present in the milk is influenced by the change in pH during Ricotta preparation. 

Acidification of milk may result in the formation of a gel or a precipitate, depending on the 

rate and casein aggregation. Gelation occurs when forces that promote aggregation of the 

casein micelles slowly overcomes the repulsion of micelles. These conditions result in the 

formation of relatively loose, porous and hydrated aggregates of casein micelles, which are 

only slightly more dense than the serum phase in which they are dispersed. Owing to the 

relatively small density gradient between the aggregates and the serum phase, the aggregates 

has sufficient time to link together, via strand formation, to form a continuous casein 

network, which physically entraps the serum (whey) phase. In contrast, the casein micelles 

aggregate rapidly and undergo a high degree of fusion, to form smaller, less porous and less 

hydrated aggregates when conditions that promote aggregation of the casein micelles are 

more extreme e.g. rapid acidification under non-quiescent condition set a high temperature, 

as in the manufacture of acid casein (Fox et al., 2000). 

2.6 Ricotta cheese 

Ricotta cheese production has been considered to be one of the inexpensive ways for the 

utilization of whey. So, the manufacturing of Ricotta cheese could easily be undertaken as an 

additional source of income (Shukla et al., 1986). Whey cheese is prepared commonly 

according to traditional practices at small scale all over the world, by denaturation of whey 

proteins. Whey cheese is recognized by distinct names, which depends on the country and 

region where they produced (Aider et al., 2007). Ricotta (the name derives from the Italian 

Ricottura, meaning "reheated") was produced originally from cheese whey (Mozzarella or 
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Provolone), perhaps with some milk added, by heat-induced coagulation (85-90ºC) and some 

acidifying agent (e.g., lemon juice or vinegar). Ricotta curds were then transferred to molds 

surrounded by ice, where drainage occurs (Fox et al., 2000). 

Ricotta belongs to one of soft, un-ripened cheeses (Modler, 1994) and contains more 

moisture, in which protein is recovered by heat precipitation (Mucchetti et al., 2002). 

Proteins (albumin and globulins) remain in the soluble phase, but mostly proteins (casein) 

become part of curd when cheese is made. It is normally manufactured by heating whey or 

combinations of whey and milk and acidification of whey/milk whey blend is done at 85-

90ºC with citric acid or lactic to aggregate the casein and whey proteins.  The curd thus 

formed is removed from the surface with the help of perforated ladle and transfer to strainer 

for whey removal (Modlera and Emmons, 2001; Pizzillo et al., 2005; Sahul and Das, 2009). 

In the conventional method of Ricotta production process requires lot of labour and consume 

large amount of energy. The reported shelf life of Ricotta cheese is usually range from 2 to 4 

week because of air born contamination before packing (Modler and Emmons, 2001). It has 

traditionally been prepared from whey or milk or mixture of both, WPC, and concentrated 

whey (Pizzillo et al., 2005; Stanciue et al., 2010; El-sheikh et al. 2010) by heating the whey 

(85–90ºC) with lactic or citric acid following the coagulation of the whey proteins. Full-

cream or skim milk can be used to produce Ricotta cheese (Randolph et al., 2002). Large 

amount of bulk starter is added to acidify milk to a pH of about 6.0 (Ramboarina and 

Redfield, 2003). Stabilizers and NaCl (0.2% w/v) may be incorporated in milk during the 

process of milk (Rabiey and Britten, 2009) for15-20 min till the precipitation and formation 

of curds. The curd particles tend to become more stable, coalesce and glide to the surface 

during the holding time because of the entrapped air (Pruitt, 2003). Crushed ice is used to 

cool them after scooping them into perforated molds (Fox et al., 2000). 

The traditional batch production method involves direct acidification of milk or whey-milk 

mixture to a pH of almost 5.9 to 6 using any food grade acid, acid-whey powder or starter 

culture. Casein and whey proteins are coagulated by heating milk at 80oC through direct 

injection of steam, which results in curd formation in whey after almost 30 min, and this is 

the stage where direct heating with steam is discontinued. The curds are placed in the 

perforated molds and rest to drain for 4-6 hours at a temperature of 80oC. Traditional 

methods used for the production of Ricotta cheese, increase the susceptibility of cheese to 
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spoilage by bacteria, yeast and mold because of high moisture, pH and manual filling 

method, thus contributing to a shorter shelf life of 1 to 3 weeks at a temperature of 4oC (Fox 

et al., 2000). 

Citric acid used in the production of acid coagulated cheese verities such as Ricotta cheese, 

destabilizes casein and whey protein of milk. The stability of casein micelles is affected by 

citric acid directly by a disturbing charge on the surface of caseins and indirectly due to 

solublization of calcium ions produce colloidal calcium phosphate nano-clusters.  At the 

same time casein, whey protein, fat and other soluble solids start to aggregate and form curd 

(Sahul and Das, 2009).  Ultrafiltration based production method is used for the production of 

excellent quality of Ricotta. Acid whey powder is used to acidify the whole milk, which 

decreased the pH 5.9 and then ultrafiltrated at 55ºC to get 11.6% protein. The retentate is 

heated to 80ºC for 2 min to prompt coagulation. Its storage life has increased up to 9 weeks, 

when the coagulum is hot packed at 90ºC. In another method based on ultrafiltration, whey or 

mixture of whey: milk is standardized, pasteurized at pH 6.3, then cool down to 50ºC and 

finally ultrafiltered to 30% total solids. The heating temperature of retentate is increased to 

90ºC and continuously acidified to pH 5.7-6.0 at a pressure of 1.0-1.5 Bar. The pressure is 

decreased to carry out coagulation, after which the temperature of curds reduced to 70ºC and 

then packed. 

Modler (1988) developed a process in which he used a mixture of whole milk and 

concentrated whey at the rate of 20:80 at pH 6.9-7.1. The mixture was then heated to 92ºC 

for 10 min and then citric acid was added for coagulation. After the whey separation through 

this process it was noted that fat (99.6 g/kg) and protein recoveries were maximized (99.5 

g/kg). The most suitable methods to increase the yield of Ricotta cheese reported by the Fox 

et al. (2000) is to use the recover curd particles after whey filtration in Ricotta cheese, which 

are lost in whey.   

Fetahagic et al. (2002) and Pizzillo et al. (2005) described another method of Ricotta cheese 

production. They reported that whey is first acidified by addition of food grade acid and then 

heated at 90-95ºC. The application of high temperature denatures whey proteins and causes 

them to precipitate out, making an adequate curd. After cooling, curd is separated by filtering 

whey through the filter cloth. At a temperature above 70ºC during heating of whey or blend 
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protein start denaturation. In the denaturation process, the thiol groups in whey protein are 

exposed and unfolding of polypeptide chains takes place. At temperature above 90ºC, 

complexes are formed between α-lactalbumin and ß-Lg; α-La and κ-casein; ß-Lg and κ-

casein; as well as complex between α-lactalbumin, ß-Lg and κ-casein, as a result of newly 

formed thiol groups via thiol/disulphide interaction and intermolecular disulphide bridges.  

2.6.1 Composition and yield of Ricotta cheese 

Sulieman et al. (2012) estimated chemical composition of Ricotta cheese and reported that it 

includes, moisture: 72.89%, fat: 0.7%, protein: 0.6%, ash: 5.37%, pH: 5.3, acidity: 1.38%, 

total solids: 18.4%, Ca: 225 mg/100g, K: 120 mg/100g and Na: 106 mg/100g.Various factors 

influence the yield of Ricotta cheese, temperature is one of the most important elements 

among these factors. Denaturation of the whey protein determines the yield, which is affected 

by temperature applied during the production process. In literature, capitulate of Ricotta 

ranges from 4.5 to 12%.  

Najafi and Moatamedzadegan (2001) examined the composition of Ricotta cheese on dry 

basis and observed that pH, moisture, fat, protein, lactose and ash was 6.39, 76.33%, 11%, 

67.62%, 17.1% and 4.63% respectively. Ricotta cheese manufactured from a blend of 80% 

sweet whey and 20% whole milk, contained 33.5% total solids, 16.30% protein and 11.6% 

milk fat. Ricotta is prepared from ultrafiltered whey contains 19.8% total solids, 15.9% 

protein and 2.4% fat. The pH of Ricotta cheese prepared from the whey and milk blend 

(80:20) ranged from 5.6 to 5.8, whereas pH of Ricotta prepared from only ultrafiltered whey 

(4.5 to 1) ranged from 5.7 to 5.9.  

The continuous Ricotta process has advantages over other traditional mechanized cheese 

processes in terms of low capital and operating costs. The process is appropriate for cheese 

factories that may wish to develop Ricotta as a protein base for other food products, such as 

cream cheese, processed cheese, snack food dips and quiches (Modler, 1988). The Ricotta 

cheese production increased savings in relations to both energy (50%) and labors (60%) plus 

it provides a product with higher yield and a longer shelf life when hot-packed at more than 

75ºC. Ricotta cheese contains 44-70% protein on a dry basis, depending on the formulation 

of blends (Modler and Emmons, 2001). 
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The yield of Ricotta cheese depends on various factors, among this temperature in one of the 

most important. It depends on the degree of denaturation of whey protein, which ultimately 

influenced by the applied temperature during production. The yield of Ricotta cheese 

reported in the literature ranges from 4.5 to 12% (Mucchetti and Neviani, 2006). When the 

pH decreased to the 5.5 to 5.3 at the point of acid injection, highest yields of curd were 

obtained. EL-Sheikh et al. (2010) examined that for the preparation of Ricotta cheese best 

yield found, when cheese whey was treated with citric acid than those prepared with glucono 

delta lactone (GDL). 

2.6.2 Characteristic of Ricotta cheese 

Ricotta cheese is significantly different in quality when prepared from different breeds due to 

which it has unique sensory properties, such as granularity, greasiness and softness. Tome 

and Bos (2000) and Pizzillo et al. (2005) reported that the fatty acid profile of Ricotta cheese 

influenced by breed. Ricotta cheese manufactured by using the blend of sweet whey and 

whole milk is soft, creamy, delicate texture and a pleasant flavor (Kosikowski, 1982). 

Ricotta cheese produced by the traditional methods is highly susceptible to spoilage by 

bacteria, yeast and molds due to its high pH, high moisture contents and the manual methods 

of fillings and hence has a relatively short shelf life of 1 to 3 weeks at 4ºC (Fox et al., 2000; 

Zisu and Shah, 2005). Tome and Bos (2000) study the microbial changes in Ricotta cheese 

and reported that viable number increases within 24h after production, but after that only 

psycrotrophs (Pseudomonas, yeasts and molds, coliform) shown their growth.   

The Ricotta has a limited shelf-life even under refrigeration due to high moisture and its 

initial pH above 6.0. The sensory and microbiological shelf-life estimated at different storage 

temperatures (6, 17 and 25 °C). The shelf life of Ricotta cheese is prolonged by modified 

atmosphere packaging (MAP) especially rich in carbon dioxide. MAP packed Ricotta with 

95% of carbon dioxide had attained the longest shelf life (Del Nobile et al., 2009). Shelf life 

can also be increased by use of irradiation with vacuum packaging (Tsiotsias et al., 2002). 

Dosebry and Hardy (2000) examined that mass losses did not exceed to 0.3% from packages 

during 32 storage days and observed that cheese weight loss (2.5–5.0%) is due to insufficient 

barrier properties. They suggested that cheese should be vacuum packed to avoid dehydration 

from the surface, because a dehydrated surface is a major quality defect in cheese products.  
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2.6.3 Organic acids in Ricotta cheese 

Organic acids such as lactic, acetic, pyruvic, propionic and formic acids are produced in 

cheese due to factors such as bacterial growth, hydrolysis of milk fat (acetic or butyric), 

Biochemical metabolism (citric, orotic and uric) and direct addition, as acidulants (citric and 

lactic) (Akalin et al., 2002; Izco et al., 2002). These factors produce acids during 

fermentation due to which pH decreased, which ultimately increase acidity that enhanced the 

hygienic quality of dairy products by preventing the growth of spoilage and pathogenic 

microorganisms. The ability of LAB to prevent the growth of undesirable bacterias depends 

not only on the reduction in pH and production of organic acids (Fox et al., 1993). Organic 

acids quantitative analysis is an important to detect the bacterial growth and their activity. 

Organic acids are also helpful in improving of flavor and aroma characteristics of dairy 

products (Akalin et al., 2002).  

Citric acid occurs naturally in milk and is the most prevalent acid in raw milk. However, 

citric acid is also consumed by LAB during the fermentation process of dairy products. 

Fermentation times for each sour cream may contribute to the amount and type of organic 

acids present. The end result of consumption of lactose by LAB is acetic and lactic acids 

(Urbiene and Leskauskaite, 2006). As milk ferments, the concentrations of some acids such 

as lactic, acetic and propionic acids increase and hippuric, orotic, and citric acids decrease 

(Dellaglio, 1988; Driessen and Puhan, 1988). 

2.6.4 Uses of Ricotta cheese 

Ricotta cheese lightness provides a good texture and slight flavor to pasta sauce and used in 

the fillings of different types of pasta dishes, cookies and desserts such as cannoli. It is used 

in spreads and dips due to its creamy texture. It is also used to compliment the flavor and 

texture of eggs in scrambled eggs and omelets. Ricotta could be applied into products such as 

cheese cake muffins, breads and pancakes provide moistness. Ricotta is an ingredient of 

some food products due to its high moisture, such as cold pack cheese foods and processed 

cheese foods containing high moisture 46%, while spread products (cream cheese, processed 

cheese) can holds up to 60% water (Kalab et al., 1991; Modler and Emmons, 2001). Ricotta 

can be mixed with condiments, such as cinnamons, sugars, orange flower water and 

occasionally chocolate and served as a dessert. Ricotta is also used in savory dishes, 
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including pizza, dressings, confectionery fillings, Calzone, Cream cheese type 

spreads, ravioli, lasagna and manicotti (Modler and Emmons, 2001; Silvi et al., 2011). 

Paneer contain casein mainly, while Ricotta is made of whey protein. Cost of Ricotta cheese 

is around 45 USD per 1000 grams in different markets of the world (Fox et al., 2000). 

Dry Ricotta is also available in grated from which is obtained by pressing and then drying the 

Ricotta curd for four weeks at 10-16ºC. For the preparation of Mascarpone which is similar 

to Ricotta cheese, cream is added to the milk and heated at higher temperatures. The resulting 

cheese is creamier than Ricotta and is frequently salted at a low levels whipped and formed 

into a cylindrical shape (Fox et al., 2000). Ricotta can compete with other dairy products on 

the basis of protein concentration and must be considered when manufacturing low cost 

product formulations (Modler and Emmons, 2001). 

2.7 Yogurt 

Fermented dairy products are an important part of traditional diet all over the world, which 

are more nutritious than the milk from which they are made.  Yogurt is an ancient fermented 

milk product manufactured before 5000BC. Yogurt products have gained significant 

economic importance due to its nutritional compositions (Deeth and Tamine, 1981). It is very 

popular, flavorful and healthful dairy products. Its production and consumption is growing 

continuously due to its therapeutic properties beside its high nutritional values (Karagul et 

al., 2004). Buffalo milk is is blessed with high concentration of main constituents. It is rich in 

proteins, fat, minerals (calcium and magnesium) and low cholesterol concentration than other 

species (Khedkar et al., 2003; Ajit and Khan, 2006; Park et al., 2007; Ahmad et al., 2008). 

Yogurt is prepared by the lactic acid fermentation of milk using symbiotic cultures of 

Streptococcus subsp. hermophilus salivarius and Lactobacillus delbrueckii subsp. bulgaricus 

(Tamim and Robinson, 1999; Sandoval-Castilla et al., 2004). Bifido bacteria used along with 

starter culture improved yogurts functional properties such as digestion, immune system, 

anti-carcinogenic activity and reducing serum cholesterol levels (Lourens-Hattingh and 

Viljoen, 2001).    

2.7.1 Nutritional aspects of yogurt 

Nutritional value of yogurt is related to the milk source and others s ingredients (milk 

powder, sugar, fruit puree etc.). Yogurt contains the perfect balance of proteins, lactose, fat, 
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vitamins and minerals. Protein contents of yogurt are excellent biological quality, normally 

somewhat higher than in milk due to fortification (Miller et al., 2000). The fat contents of 

yogurt differ depending on the products, ranging from approximately 3-5% fat for whole 

milk yogurts, 1.7% fat for low fat yogurts, non-fat varieties containing less than 0.3% fat and 

maximum 10% fat for full fat Greek style yogurt (Vesa, et al., 1996).  

Lactose, the main sugar in milk is converted into lactic acid by starter cultures, which could 

be favorable for lactose-intolerant peoples (Chandan, 2006); only lactose (20-30%) is utilized 

by the starter culture as a source of energy with the production of lactic acid during yogurt 

production. Lactose is easily digested due to present of β-galactosidase system resent in LAB 

during fermentation (Martini et al., 1991). Yogurt contains acid tolerant bacteria that sustain 

stomach acidity and discharge lactic acid (Shah, 2007, Tamime and Robison, 1999). Gut 

dominant bacteria are Lactobacillus delbrueckii spp. bulgaricus and Streptococcus 

thermophiles, which decreased the numbers of putrefactive organisms. These bacteria 

produced a range of therapeutic compounds such as bioactive peptides which provide 

attributes such as anticarcinogenic, antistress, immunostimulants, antihypertensive, mineral 

transportation and antithrombotic (Kawase et al., 2000; Wollowski et al., 2001; Zsivkovits et 

al., 2003; Chandan, 2006). Current theories suggest that yogurt offer health benefits such as 

controlled intestinal health, enhanced immunity, improved protein digestibility, enhanced 

mineral absorption and enhanced lactose-intolerance, yet the yogurt cultures are not natural 

inhabitants of the human intestine (Shah, 2007). 

Yogurt also delivers sufficient amounts of growth factors and minerals, including several B 

vitamins like B1, B2 and vitamin B12 along with Ca, P, Mg, Zn, niacin and folic acids. 

Furthermore, hydrolyzed products in yogurt are excellent source of shortfall nutrients.  

Calcium is an essential for the healthy growth and maintenance of teeth and bones and the 

yogurt is a good source of calcium (Bronner and Pansu, 1999).  Like all other dairy products, 

yogurt contains very little Iron (Blanc, 1986), hence fortification of yogurt with Iron will 

meet the nutrition need. 

2.7.2 Manufacturing of yogurt 

Yogurt is classified on the basis of its physical condition into set and stirred type yogurt 

(Benezech and Maingonnat, 1994). Set type yogurt is fermented in the vessel having a 
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continuous gel like structure and cooled quickly to 4oC to stop fermentation after attaining 

the desired acidity (Figure 2.1). In case of stirred yogurt, gel is disrupted by agitation 

(stirring) after the fermentation process. Stirred yogurt is commonly pumped through a 

screen, which provides the product a viscous and smooth texture (Tamime and Robinson, 

1999; Chandan, 2006).  

Milk is mostly mixed with cream for standardization of the fat contents to the desired level 

and skim milk to increase its milk solids not-fat (MSNF) contents, from 8.25 to 16%. The 

minimum MSNF required to standardize or regulations ranges from 8.2 to 8.6% in many 

countries (Tamime and Robinson, 1999). Total solids of yogurt can be increased by 

stabilizers, sweeteners, fruits and colorants. Sweeteners such as glucose, sucrose, fructose, 

invert sugar or galactose syrup are added to increase sensory characteristics. Stabilizers such 

as carboxy methyl cellulose (CMC), κ-carrageenan, pectin, guar gum or xanthan gum are 

added to improve and maintain gel consistency and firmness (Tamime and Robison 1999; 

Soukoulis et al. 2007), as the formulation has been developed, these liquid and dry 

ingredients are mixed to form a homogeneous mixture. 

Generally, raw milk for yogurt production is homogenized at 15 mPa before or after 

pasteurization at a temperature range between 55 and 65oC. The size of the milk fat globules 

reduces from 1 to 10 μm to (≤ 2 μm) after homogenization, which retards surface aggregation 

and cluster formation (Vedamuthu, 1991; Chandan, 2006) and persuades attractions fat and 

milk proteins, particularly casein, which are apparent in the form of more surface area of the 

fat globules (Cano-Ruiz and Richter, 1997) than before the interaction with proteins.  

Milk pasteurization is an important processing step to destroy pathogens at 80 to 85°C for 30 

min or 90 to 95°C for 10 min for inactivation of enzymes being changes to the 

physicochemical properties of milk and formation of inhibitory/ stimulatory factors for 

starter bacteria (Tamime and Robison 1999). However, sometimes very high temperature 

short time (HTST) 100 -130°C/4-16s and 140°C/4-6 s (UHT)  are also used (Sodini et al., 

2004).  
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(Varnam and Sutherland, 2001) 

Figure 2.1 Flow diagram of set yogurt production 

After pasteurization, milk is cooled to the incubation temperature 42-44°C immediately and 

milk is inoculated with starter cultures at this temperature, which is an optimum temperature 

for their growth (Chandan, 2006). S. thermophilus cultivates grow more rapidly in the initial 

period of fermentation than L. bulgaricus, which ferment the lactose to lactic acid. Growth of 

S. thermophilus slows down at pH~5, and L. bulgaricus grows at a faster rate than S. 

thermophilus (Chandan, 2006). Casein coagulates to form firm gel, which is composed of 

casein micelles with whey interlocked via hydrogen bonds. A further decrease in pH from 5 

to 4.6 increases the casein micelles aggregation. Protein gel formation formed at pH <4.5, 

due to the rearrangement and aggregation of casein micelles. Yogurt structure is the result of 

interaction and cross-linking of the denatured whey protein with K-casein occur on the 

surface of casein micelles through disulfide bonding (Lee and Lucey, 2004a; Tamime and 

Robison, 1999). Gel with compact structure is formed due to increasing acidification by 

inoculation rates, enhancing from 0.5 to 4% and incubation temperatures from 40 to 45 °C, 
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which ultimately decreased the time to attain the isoelectric point of casein. When incubation 

temperature increased from 40 to 44°C, then hydrophobic interactions between proteins also 

increased, that contributes to a more contractions of the casein particles containing more 

compact conformation within the gel (Lee and Lucey, 2004b). Yogurt should be cooled to <5 

ºC at pH 4.5 to prevent microbial activity, otherwise they produce acidity if slow cooling is 

done. Good packaging ensures safety of the products (Tamime and Robinson, 1999). 

2.7.3 Use of concentrated whey in yogurt 

Main problems concerned with the yogurt industry are the maintenance of a product with 

optimum stability, consistency, an adequate firmness and without syneresis for good quality. 

Yogurt prepared from low solids without the addition of proteins can result in a weak body, 

poor texture, whey expulsion and inconsistent product over time (Tamime et al., 1984). 

Therefore, the standardization of the total solids in milk is important for yogurt production 

for both its consistency and stability. The increase of protein content of milk before 

fermentation process is a considerable factor affecting the textural characteristics of yogurt 

(Rattary and Jelen, 1996; Tamime and Robinson, 1999; Sodini et al,. 2005). 

Traditionally, the total solid contents of milk were increased for the production of yogurt by 

(i) addition of different powders having protein contents like skimmed milk, whey protein 

concentrates, caseinates (ii) removal of water by membrane filtration; or (iii) removal of 

water by evaporation from milk under vacuum (Tamime et al., 2001). Yogurt formulations 

can be improved by addition of natural whey proteins for further consideration. Nutritional 

value of yogurt can be further increased by the addition of neutraceutical components such as 

cheese whey. Whey proteins provide different benefits in the formulations of yogurt.  

Consistency of set-style yoghurt was increased by addition of 2% WPI instead of 2% SMP 

(Guggisberg et al., 2007). Whey also increases the protein content and viscosity of the yogurt 

products (Patocka et al., 2004). 

WPC when added to milk for the production of yogurt to reduce whey separation, increase 

firmness and enhance viscosity (Lucey et al. 1999: Sodini et al., 2005; Patocka et al., 2006).  

Tamime and Robinson (1999) and Almeida et al. (2008) also found that increase in TS and 

protein level improved yogurt texture and consistency. Lucey and Singh (1998) used the 

WPC in the production of yogurt and they evaluated that final quality depends not only 
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denaturation of whey proteins but also on their subsequent interfaces with casein in the 

yogurt mix. Whey protein denaturation is <10% at 65°C for 30 min, at a normal 

pasteurization temperature, which deactivates pathogens and some enzymes (Chandan, 

2006). However, enough whey protein denaturation (> 80%) occurred when yogurt mix was 

pasteurized at 85°C for 30 min or 95°C for 5 min (Parnell-Clunies et al., 1986; Lucey et al., 

1998). High heat treatment of milk prior to culturing in yogurt and Quarg production gives a 

smoother and firmer consistency (Lee and Lucey, 2004a). At these temperature complexes 

are formed between denatured whey proteins with casein miscelles (Anema and Li, 2003). 

Such kinds of interactions are resulting in a higher effective concentration of gel formation 

with a finer structure, a lower permeability coefficient and a reduced propensity for 

syneresis.  The crosslinking of denatured whey proteins to micelles increase the casein 

micelle sizes from 100-400 nm as a function of the heat treatment (Needs et al., 2000; 

Anema and Li, 2003). Aziznia et al. (2008) reported that self-aggregating of whey proteins 

and forming a separate gel structure embedded among the casein-whey protein gel occurred 

due to the addition of whey proteins more than 1% in the yogurt. 

Dairy industries are the following the consumer demand products containing low fat, which 

can not change the functional and sensory characteristics of yogurts. First stabilizers, 

thickeners and hydrocolloids were utilized to reduce the fat contents and to increase the 

stability of yogurt concerning syneresis during storage (Lucey, 2002; Tamime and Robinson, 

2007). Decrease in fat contents affected a change in viscosity and altered the structure, 

appearance and mouth feel. Milk ingredients like whey protein concentrate are used in yogurt 

as an alternative of SMP, thickeners and hydrocolloids.  

Researchers supported the addition of whey concentrate in yogurt mixes due to decrease in 

the syneresis and more compact structure and free water immobilization (Hinrichs, 2001; 

Kelly and Kennedy, 2001). The use of whey enhances the viscosity, protein contents and 

improves texture of the yogurt products (Patocka et al., 2006). WPC provides a cost-effective 

alternative to SMP, since whey proteins contribute nutritional and functional properties. 

Overall quality of the yogurt product prepared from WPC is observed by the whey proteins 

denaturation and the final quality depend not only whey proteins denaturation but also their 

interaction with casein in the yogurt mix (Lucey and Singh, 1998). The literature regarding 

the use of concentrated whey in yogurt is not available. 
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Yogurt mix receives a heat treatment during yogurt manufacture, which denatures the whey 

proteins result their availability and improves quality characteristics. Thus Nutritional 

availability of yogurt is increased when its proteins are hydrolyzed (Ayar et al. 2006). Heat 

treatment at 78°C for at least 15 min results in sufficient whey protein denaturation which 

will have a major effect on the gelation properties (Lucey and Singh, 1998). Coagulation and 

gelation of β-Lg occur at high pH in heated milk due to its high isoelectric pH (5.3). The 

denatured whey proteins are insoluble at pH 4.6 and become precipitated with casein 

micelles during heat treatment (Larson and Rolleri, 1955). The quality of milk and 

processing conditions that are used for making yogurt should be standardized so those 

consistent quality products are made each time. This involve control of factor  in the process 

that affect the quality or safety of the product, these are known as control point or point at 

which check and measurement should be made (Tamime and Deeth 1980).  

2.8 Yogurt quality  

Yogurt quality is described by parameters such as texture, color, water holding capacity, 

viscosity and syneresis (Lee and Lucey, 2006, Anema and Li, 2003). Physical and 

rheological properties of yogurt gel showed the quality of yogurt products and acceptance by 

consumers. These properties are affected by processing conditions and fortification during 

manufacturing (Rohm, 1993; Cobos et al., 1995). Good quality yoghurt should be smooth, 

having glossy surface with no crakes or holes on the top of yoghurt, less whey syneresis, no 

off flavor or odor and clean layer on the surface of yoghurt (Tamime and Robinson, 2007) 

2.8.1 Texture 

Texture is one of the important characteristics of yogurt quality and defines the rheological 

and structural attributes pereived by means of tactile, mechanical and visual receptors (Sodini 

et al., 2004).  Lee and Lucey (2010) examined that the physical characteristics of yogurt, plus 

the lack of visual whey separation and viscosity are important features of the quality and 

overall sensory acceptance by consumers. Textural properties of the yogurt are affected by 

many factors like milk composition, type of culture, rate of acidification, homogenization, 

heat treatment conditions, fortification with milk or whey based proteins, TS and incubation 

temperature  (Tamime et al., 2001; Lee and Lucey, 2004a; Sodini et al., 2004; Walstra et al., 

2006). Effect of processing conditions on texture development and understanding their 
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mechanism can helpful in improving the quality of yogurt (Kumar and Mishra, 2003; Sodini 

et al., 2004). Yogurt manufacturers frequently alter texture by changing process conditions 

(e.g. heat treatments, addition of milk solids or stabilizers) (Fiszman and Salvador, 1999; 

Tamime and Robinson, 1999; Ozcan et al., 2008). However, stabilizers adding practice is not 

common during yogurt preparation in many countries (Haque and Ji, 2003; Sandoval-Castilla 

et al., 2004). Yogurt having high solid contents (10 to 20%) had high protein contents due to 

the addition of WPC, which increased the yogurt firmness (Gastaldi et al., 1997). 

Researchers examined that low protein contents (3.52 to 3.31%) in yogurt mix reduced 

casein-casein and casein-whey interactions and lessened firmness of yogurt (Puvanenthiran et 

al., 2002; Megenis et al., 2006).  

2.8.2 Syneresis 

Syneresis is shrinkage of gel which occurs due to the liquid/whey expulsion and is the 

inability of the gel network to capture all of the liquid phase. Many consumers consider it as 

a common defect in fermented products like yogurt (Lucey, 2001; Megenis et al., 2006). 

Whey discharge is spontaneous due to gel shrinkage without the application of any external 

force when the casein particles rearrange in the gel network (Lucey, 2002). The exact reasons 

of whey separation in yogurt are unknown. Lucey (2001) described that possible reasons of 

whey separation in acid gels are excessive treatment of the mix, low TS contents, movement 

or agitation during or just after gel formation, low acid production and high incubation 

temperature. Syneresis in yogurt is decreased by adding of dairy based ingredients, which 

increased the density of the protein matrix in the gel microstructure (Everett and McLeod 

2005; Amatayakul et al., 2006; Saint-Eve et al., 2006). 

Commercial producers increased the total solids of yogurt by adding stabilizers like gelatin 

and pectin to decrease the syneresis (14 to 16%) (Lucey et al., 1998; Amatayakul et al., 

2006). Instead of stabilizers, use of EPS producing starter bacteria, which could reduce 

syneresis and extensive use of stabilizers, is minimized due to consumer awareness of natural 

products (Amatayakul et al. 2006, Lucey 2002). Yogurt mixes should be pasteurized at > 

80oC for 10 to 30 min to get yogurt with less syneresis but enhanced firmness and rheological 

properties. Heating at 90oC for 10 min precipitates the α-La and β-Lg, which also reduces the 

syneresis in yogurt (Lucey and Singh, 1998).    
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2.8.3 Water holding capacity (WHC) 

WHC is the measure of the amount of water retained by the protein structure (Parnell-Clunies 

et al. 1986). WHC of yogurt is effected by many factors such as selection of starter culture 

(either ropy or non-ropy), source of proteins, total solids content, processing conditions and 

fat contents are important factors to increase or decrease the WHC in yogurts (Chandan, 

2006). Yazici et al. (1997) also determined that increasing fat contents and total solid 

contents increased the WHC of yogurt products. 

Sodini et al. (2006) described that WHC increased due to protein denaturation in yogurt 

products. Whey proteins denaturation increased the gelling properties with adequate heat 

treatment that increases water holding capacity in the yogurt (Mangino et al., 1987: Akhtar 

and Dickinson, 2003). However Parnell-Clunies et al. (1986) supposed that more covalent 

bonds were formed and larger micelle sizes might cause steric hindrances as the β-Lg 

interacted with κ-casein, which decrease the WHC. In yogurt, increased whey-casein and 

casein-casein interactions and increased micelle size are cause of more porous gel, which 

increase the WHC (Sodini et al., 2005; Lee and Lucey, 2004a). Homogenization of the 

mixture during yogurt production is another additional factor that affects the WHC of yogurt. 

Homogenized fat particles interact with protein molecules and capture free water mix during 

coagulation of homogenized yogurt (Isanga and Zhang, 2009). 

2.8.4 Flavor 

Flavor is an important sensory attribute for the consumer acceptance and is a good 

combination of acidity and taste. The appearance of food products, its consistency and flavor 

exposed its attraction to the consumers. In particular, flavor plays an essential role in 

influencing consumer preference. Yogurt is nourishing and flavorful dairy product having 

pleasant flavor, taste variations based on the starter cultures activity (Karagul-Yuceer et al., 

1999). Currently, different kinds of flavoring ingredients (Natural, synthetic, fruit etc.) are 

added into yogurt for improving its flavor. Different flavor compunds present in yogurt are 

volatile carbonyl compunds (acetone, acetaldehyde, diacetyl), volatile acids (acetic, 

propionic, butyric), non- volatile acids (lactic, pyruvic, oxalic, succinic) and certain 

compounds such as amino acids/constituents formed by thermal degradation of protein, fat, 

and lactose (Tamime and Robinson, 2001).  
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2.8.5 Microbial quality  

The microbial quality of yogurts reflects towards the quality and acceptability of the yogurt. 

Microbial contamination (pathogens) occurs due to unhygienic conditions, which deteriorate 

the quality of yogurt and ultimately have serious effects on the consumer’s health (Aziz, 

1985). Customer desires the good quality, taste, stability and shelf life of the yogurt. Dairy 

products provide a favorable environment for microorganisms, associated with food-borne 

diseases, even these prepared from pasteurized milk (Prentice and Langride, 1992).  

Growth rate and the production of acidity in product is the indicator of the metabolic activity 

of an organism. The acidity elevated due to increase in growth rate of Streptococcus 

thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. Rate of acids development 

increased with increasing in incubation temperature up to maximum of 40 and 45oC. 

Streptococcus thermophilus is produces more acid production initially than L. delbrueckii 

subsp. bulgaricus. The maximum activity of both mixed strains is at 45oC. In order to attain a 

ratio of 1:1 between S. thermophilus and L. delbrueckii subsp. Bulgaricus, it is suggested 

that, the organisms should be propagated together at 42oC using a 2 ml /100 ml-1 inoculation 

rate (Tamime et al., 2001). These bacteria’s do not survive in the passage of intestinal tract 

due to bile acid production. Hence, now yougurt is inoculated by probiotic bacteria such as L. 

acidophilus, Bifidobacterium ssp., L. casei and L. rhamnosus due to their bile-resistant 

properties. The products prepared from these bacteria are called as “bio-yoghurts”. These 

yogurts are becoming more popular due to the ability of excellent health effects of probiotic 

bacteria (Lourens-Hattingh and Viljoen, 2001; Aghajani et al., 2012). 

Yeasts are a key source of yogurt decay and fermented milks in which high moisture content 

and the low pH provides favorable condition for their growth (Fleet, 1990; Rohm, 1993). 

Yogurts have a shelf life of 3–4 weeks at 5oC when it is produced under good hygienic 

conditions and contain no more than 10 yeast cells. However, yogurts tend to spoil quickly 

having initial counts of >100 cfu/g and when yeasts counts increased to 105–106 cfu/g the 

fermented off-flavors, yeasty and gassy appearance are frequently detected. Giudici et al. 

(1996) examined that the use of Saccharomyces cerevisiae and Hansenula anomala 

(galactose-positive strains) produce galactose from lactose breakdown along with lactic 

starter cultures, as these strains increases the spoilage of yogurt due to glactose hydrolysis. 
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Most of the cheeses develop tastes yeasty type as the yeasts produce alcohol and CO2 

(Horwood et al., 1987). Molds grow rapidly on the cheese surface in presence of oxygen at 

low pH. Its growth is reduced in packaged cheeses, due to inadequate availability of oxygen 

but under low oxygen tension specific molds can grow. Hocking and Faedo (1992) observed 

that the molds include Penicillium spp. and Cladosporium spp can grow in vacuum-packaged 

cheeses. 

2.9 Factors affecting the quality of yogurt 

2.9.1 Dry matter fortification 

Total solids of milk used for preparation of yogurt effect the physical and sensory properties 

of yogurt, especially the protein contents. Total solids increased by the addition of SMP or by 

ultrfiltration, which increased the viscosity and G′ value of yogurt (Becker and Puhan, 1989; 

Biliaderis et al., 1992; Sodini et al., 2004). Peng et al. (2009) examined the effect of different 

types of milk proteins on the textural properties of yogurt used for fortification. G′ values 

increased by addition of WPC to milk followed by high heat treatment and gelation time 

decreased in yogurt (Lucey et al., 1999). Total solids and calcium of WPC, increased the 

coagulation during heating and buffering that requires additional acid development by the 

starter cultures. Most yogurt products are sweetened fortified with sucrose which increases 

the total solids of the mix and strengthens the gel network.  Another option is to use of β-

galactosidase to hydrolyse lactose as the products are glucose and galactose, which are much 

sweeter than lactose.  

2.9.2 Heat treatment  

Whey proteins of yogurt denatured at >70oC, β-Lg main whey protein of interact with the κ-

casein on the casein micelle surface by disulfide bridging during denaturation, which results 

in increased gel firmness and viscosity of yogurt (Dannenberg and Kessler, 1988b; Lucey et 

al., 1997). Attachment of denture whey proteins at the surface of the casein micelles is a 

critical factor involved in the increased stiffness of yogurt gels (Lucey et al., 1998). Soluble 

complexes are formed between denatured whey proteins with κ-casein also associate with the 

micelles during the acidification process. Denaturation of β-Lg increased significantly during 

heat treatment of milk for 15 min at ≥80oC as compared with milk heated for 15 min at 75oC 

(Lucey et al., 1997). The viscosity and firmness of the yogurt is affected by the extent of 
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denaturation of whey proteins during the heat treatment of milk (Dannenberg and Kessler, 

1988b).  

2.9.3 Incubation temperature 

Incubation temperature is an important processing step during yogurt preparations, which 

greatly affect the physical properties and microstructure of yogurt. High incubation 

temperature at pH 4.6 is the result of decreases in gelation time, increase in G′values and an 

increase in LTmax (Lee and Lucey, 2004a). Gels formed at high incubation temperatures are 

weak and have a coarse gel network due to extensive rearrangement resulting in the 

formation of large pores and high syneresis (Lucey, 2004), while at low incubation 

temperature, slow protein aggregation occurs resulting in the formation of a large number of 

protein-protein bonds during the formation of yogurt gels and small pores was observed in 

micrographs of yogurt gels due to less rearrangement of the particles/clusters (Lee and 

Lucey, 2004a). There is an in the voluminosity of casein particles also increased at low 

incubation temperature, which results in an increase in the area of the junctions between 

aggregated casein particles. Viscosity of stirred yogurt becomes high when yogurt was 

incubated at lower temperatures (e.g. <40oC) as compared to high temperature (e.g. >40oC) 

(Sodini et al., 2004; Lee and Lucey, 2006). Sensory attributes was decreased as the 

incubation temperature increased (Martin et al., 1999).  
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CHAPTER-3    MATERIALS AND METHODS 

Ricotta cheese and yogurt production was conducted in the Dairy Processing Hall, National 

Institute of Food Science and Technology (NIFSAT), University of Agriculture Faisalabad, 

Pakistan. The concentration of why and products analyses were carried out at Pakistan 

Council of Scientific & Industrial Research (PCSIR) Laboratories Complex, Lahore.  

3.1. Procurement of cheese whey and buffalo milk 

Buffalo Cheddar cheese whey was procured from cheese industry, “Nurpur Dairy”, Bhalwal, 

Pakistan, and buffalo milk from the Dairy Farm, Department of Livestock Management, 

University of Agriculture Faisalabad, Pakistan.  

3.2 Preparation of concentrated whey 

The liquid whey was concentrated through thermal evaporation process by vacuum 

concentrator. Vacuum concentration is the cheapest way in the present scenario of Pakistan 

as none of the dairy industry has the ultrafiltration (UF) plant, while vacuum concentrator are 

manufactured locally. Keeping in view the availability of equipment and interest of cheese 

manufactures, whey concentration was carried out using the pilot scale vacuum concentrator 

in the production hall of Food and Biotechnology Research Centre (FBRC), PCSIR 

Laboratories Complex, Lahore. The concentration process was optimized with regard to 

several variables such as temperature, vacuum, pressure and others. Cheese whey was 

concentrated at 60oC, under vacuum (13 mmHg, mbar) at pressure (0.5 bars).  
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Figure 3.1 Whey concentrations through Vacuum Concentrator 

3.3. Optimization of processing conditions for the yield of Ricotta cheese prepared from 

liquid and concentrated whey 

Preliminary trials were conducted for liquid and concentrated whey for the maximum yield 

of Ricotta cheese by changing different processing conditions like pH, heat treatment and 

CaCl2. These processing conditions were selected for production of Ricotta cheese on the 

basis of previous research work done by different researchers. In this content, preliminary 

trials were conducted on liquid and concentrated whey (without the addition of skim milk) to 

confirm which processing conditions are suitable for the maximum yield of Ricotta cheese 

(coagulation of whey proteins). Central Composite Design (CCD) was used to formulate the 

experiments to evaluate the effect of three factors temperature, pH and CaCl2. The yield of 

Ricotta in samples was calculated as presented in Eq- (1). 

𝑌𝑖𝑒𝑙𝑑 (%) =
𝐶ℎ𝑒𝑒𝑠𝑒 𝑤ℎ𝑒𝑖𝑔ℎ𝑡

𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓 𝑤ℎ𝑒𝑦 
× 100                                                                                (1) 

Experimental design 

Central Composite Design (CCD) was used to formulate the experiment to evaluate the effect 

of three factors; temperature (60-90°C), pH (3-7) and CaCl2 (2-6 mM) on the cheese yield 

(%) as presented in Table 3.1.  
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Table 3.1 Central Composite Design (CCD) of processing conditions applied on cheese 

whey and concentrated whey with yield (%) as response function (RF) 

Std. Run 

Factor-1 Factor-2 Factor-3 RF 

Temperature     

(oC) 

pH CaCl2   (mM) Yield (%) 

19 1.  75.0 5.0 4.0 - 

11 2.  75.00 1.64 4.00 - 

6 3.  90.00 3.00 6.00 - 

7 4.  60.00 7.00 6.00 - 

12 5.  75.00 8.36 4.00 - 

9 6.  49.77 5.00 4.00 - 

3 7.  60.00 7.00 2.00 - 

5 8.  60.00 3.00 6.00 - 

15 9.  75.00 5.00 4.00 - 

14 10.  75.00 5.00 7.36 - 

17 11.  75.00 5.00 4.00 - 

20 12.  75.00 5.00 4.00 - 

2 13.  90.00 3.00 2.00 - 

10 14.  100.23 5.00 4.00 - 

1 15.  60.00 3.00 2.00 - 

13 16.  75.00 5.00 0.64 - 

4 17.  90.00 7.00 2.00 - 

18 18.  75.00 5.00 4.00 - 

8 19.  90.00 7.00 6.00 - 

16 20.  75.00 5.00 4.00 - 

 

 

 

 

 



 
 

41 

The CCD results was allowed to the evaluation of effects of each factor; hence, the collected 

data were optimized through RSM, neglecting the effects with a statistical significance lower 

than 95% confidence level the RF was related to the factors by using a general quadratic 

equation (Aktas et al., 2006) as presented in Eq. (2).  

Y = 𝑎0 + ∑ 𝑎𝑖𝑥𝑖 + ∑ 𝑎𝑖𝑖𝑥𝑖
2 +

𝑛

𝑖=1

𝑛

𝑖=1

∑ ∑ 𝑎𝑖𝑗𝑥𝑖 𝑥𝑗 

𝑛

𝑗=𝑖+1

𝑛−1

𝑖=1

                                                                  (2) 

Y was predicted response and 𝑎0 was the constant coefficient, n is number of factors, 𝑥𝑖 

𝑎𝑛𝑑 𝑥𝑗  were the non-coded variables 𝑎𝑖, 𝑎𝑖𝑖 and 𝑎𝑖𝑗 are the first-order, quadratic, and 

interaction effects respectively; i and j are the index numbers for factor. R2 coefficient was 

determined to assay the quality of the polynomial model, whereas its statistical significance 

was checked by the F-test. It is worthwhile remarking that all runs of the CCD were carried 

out randomly. Three best treatments on the basis of yield were selected for the production of 

Ricotta cheese from liquid and concentrated whey. 

3.4 Physicochemical analysis of liquid whey, concentrated whey, buffalo skim milk and   

their blends 

The liquid whey, concentrated whey and their blend with buffalo skim milk were analysed 

for pH, acidity, moisture, fat, total protein, non-protein nitrogen, lactose, ash, total solids and 

minerals (calcium, sodium, potassium). 

3.4.1. pH 

pH of liquid whey, concentrated whey and their blend with buffalo skim milk (9:1) were 

determined following the method of Ong et al. (2007).  Electronic digital type pH meter 

(Inolab 720, WTW 82362) was used to measure the pH. Buffer of pH 4 and 7 were used in 

the calibration of pH meter. After calibration, samples were taken in beakers and their 

temperature was adjusted at 25oC, electrode of pH meter was immersed in samples until 

constant readings were observed. 

3.4.2. Acidity 

Acidity of the liquid whey, concentrated whey and their blend were determined by titration 

method of AOAC, 947.05 (2012).   

Reagents 

 Phenolphthalein indicator (phenolphthalein indicator was made by dissolving 1 g 

phenolphthalein in ethyl alcohol (95% v/v) to a final volume of 100 mL).  
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 0.1 N Sodium Hydroxide  

Procedure 

Acidity was determined by taking 10 mL sample in 100 mL titration flask and after adding 2-

3 drops of phenolphthalein, it is titrated against 0.1N NaOH until light pink end point 

appeared which persist for few seconds. The percent acidity in terms of lactic acid was 

calculated by following formula: 

Acidity (%)= 
0.009 × Volume of NaOH used in mL

Weight of sample
x 100 

1 mL of 0.1N NaOH = 0.009g lactic acid  

3.4.3 Moisture content 

The moisture content was determined by following the method of AOAC, 926.08 (2012). 

According to Procedure sample (5 mL) was taken in china dish and weighed. Heating was 

done in water bath for 15 min. Then the dish was placed in oven at 100oC for few hours till 

the constant weight achieved and cooled in desiccator. Moisture was calculated in percentage 

by the following formulation 

Moisture (%)= 
Wt. of sample before drying- Wt. of residue after drying 

Wt. of sample
×100 

3.4.4 Fat content 

Fat was determined by using milk butyrometer according to the Gerber method as described 

by Marshall, (1993) with some modifications in the preparation of sample. 

Reagents: 

  H2SO4 Conc. (92%) 

  Isoamyl alcohol 

Procedure 

H2SO4 (10 mL) was taken in the butyrometer, (butyro-meter with rubber cork stopper) and 

10.94 mL of sample was slowly added to form a layer on sulphuric acid, then 1 mL of 

isoamyl alcohol was also poured on top of sample. Butyrometer was capped with rubber 

stopper and contents of butyrometer were mixed carefully by rolling the tube. Butyrometers 

were then immediately centrifuged in a Gerber machine (Funke Gerber Supervision-N, 
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Germay) at 1100 rpm for 5 min at 65°C. The fat percentage was noted directly from the 

butyrometer graduated column. 

3.4.5 Total protein content 

Total protein of samples was determined by Kjeltech System (D-40599, Behr Labor Technik 

GmbH, Germany) as described in 991.20 AOAC (2012). In this method, nitrogen from 

protein and other nitrogenous constituents is converted to ammonium sulphate with 

concentrated H2SO4. The ammonia is distilled into standard 4% boric acid after making the 

digest, alkaline. The percentage of total nitrogen in distilled sample was calculated and 

results were converted into "crude protein" by the multiplication to a factor (6.38) with 

nitrogen percentage determined by titratiion against 0.1N H2SO4 

 Reagents  

 H2SO4 98% pure 

 Digestion Tablets (1g Na2So4 equivelant to 0.1 g Hg) (CuSo4 +K2So4 + MgSo4) 

 Boric acid solution 4% 

 NaOH 40% 

 H2SO4 0.1N  

 Methyl red indicator 

The protein of sample was determined according to following steps; 

a. Digestion 

Sample (10 mL) was poured into digestion flask along with a digestion tablet and 25-30 mL 

of concentrated H2SO4. Digestion was done firstly by slow heating for 45 min at 40oC to 

avoid undue frothing and then at 80°C until digestion was completed. The digestion was kept 

continued for at least 2 hr until the clear solution is obtained. The digested sample was 

allowed to cool for half an hour. Then 100 mL distilled water was added and mixed gradually 

and transferred to 250 mL volumetric flask, rinsed the digestion flask 2-3 times with distilled 

water and then volume was made up to 250 mL by adding distilled water. 

b. Distillation 

Digested sample (10 mL) and NaOH (10 mL) was distilled in micro Kjeldahal apparatus. The 

ammonia produce was trapped in 4% boric acid solution containing few drops of methyl red 
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indicator. When the color of boric acid turned from pink to yellow, time was noted and 

distillation was continued for 2-3 min to trap maximum ammonia in boric acid until bubbling 

stopped. 

c. Titration 

The content was titrated against 0.1 N H2SO4 solution the pink color end point was regained 

and volume of H2SO4 used was noted. 

d. Calculation 

Total amount of nitrogen (%) was calculated according to following formula and crude 

protein/total protein which corresponds to protein and non-protein-nitrogen was determined 

by multiply with a factor 6.38.  

% Nitrogen = 
Vol. of H2SO4 used (mL) ×250 x 0.0014

Vol. of sample used for digestion × Vol. of digested sample 
×100 

  

Total protein (%) =% Nitrogen x 6.38 

 

3.4.6 Non protein nitrogen (NPN) content 

Non-protein-nitrogen was analyzed by Kjeldhal Procedure according to method no. 991.22 

AOAC (2012). The sample was treated with a solution of tricholoacetic acid (TCA), which 

precipitated all the proteins present in whey but not dissolve the NPN. 

Procedure  

Accurately weighed sample (25 mL) was taken in a conical flask. To this, 20 mL of 15% 

TCA solution was added. All constituents were shaken well at 90°C for 15 min. After this, 

filtration was done through filter paper by using funnel. Residue on filter paper was washed 

twice with 5 mL distilled water in filter paper. Then filtrate was poured in digestion flask, 

one digestion tablet and 25 mL of sulphuric acid were added. Again the whole Procedure for 

proximate analysis of protein was used to get results. Then obtained nitrogen (%) multiplied 

was with 3.60 to get the NPN%. 

% Nitrogen = 
Vol. of H2SO4 used (mL) ×250 x 0.0014

Vol. used for digestion × Vol. of digested sample 
×100 

 

NPN% =% Nitrogen × 3.60 
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3.4.7 Lactose content 

Lactose was analyzed by the method No. 930.28 (AOAC, 2012). 

Reagents 

 Copper sulphate solution (Fehling A) 69.28g of CuSO4.5H2O was dissolved in 1 

liters of distilled water and filtered through whatman filter No.4.  

 Alkaline tartarate solution (Fehling B) Dissolve 346 g of Rochelle salt (potassium 

sodium tartrate) and 100 g NaOH in 1 liters of distilled water. 

 Methylene blue indicator 

Procedure 

Samples (10 mL) were taken in beaker + 40 mL dist. water and heated to 65ºC in water bath. 

5-8 drops of acetic acid added and left for 5 min to precipitate proteins. The acid treated 

sample was then filtrated and the volume was made to 250 mL with distilled water. The 

filtrated was taken in burette and slowly added to conical flask containing 5 mL of boiling 

Fehling’s A and Fehling’s B until blue remained. Then two drops of methylene blue was 

added and titration was completed at brick red color end point. 

Calculation 

The total lactose volume was multiplied with factor 0.067 for obtaining lactose quantity in 

the sample. Lactose percentage was calculated by the formula given below. 

Dilution factor= 0.67  

Lactose% = 
Dilution × Equivalent obtain from lactose

 Vol. of sample used × 10 
×100 

3.4.8 Ash content 

Ash was determined by following the method No. 945.46 (AOAC, 2012). 10 mL sample was 

taken in a crucible and ash content was determined by igniting the sample first on flame for 

charring and then in a furnace at 550°C until the white ash was obtained. The crucible 

containing ash was placed in desiccator for 30 min and weighed. Ash percentage in the milk 

samples was calculated as;      

Ash (%)= 
Wt. of ash

Wt. of sample
×100 
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3.4.9 Total solids content 

Total solids were analyzed according to the method No. 990.19 (AOAC, 2012). Total solids 

were determined by heating 5 mL sample in china dish in an oven at 100ºC for 3 hr. Total 

solids were calculated by the formula mentioned bellow. 

Total solids  (%)= 
Wt. of residue after drying

Wt. of sample
×100 

3.5 Preparation of Ricotta cheese from cheese whey and concentrated whey 

Ricotta cheese was prepared following the Procedure of Pizzillo et al. (2005) with some 

modifications. The cheese whey was heated at 50°C to stop culture/microbial growth. 

Buffalo skim milk (10%) was added to liquid cheese whey and concentrated whey to make  

blend of whey and milk in the ratio of 9:1, respectively. The pH of each sample was adjusted 

using 0.1 N NaOH and citric acid (10%) then CaCl2 was added and blend was heated to the 

required temperature without agitation for 25 min according the Ricotta cheese processing 

condition. Following general flow line was adapted for the preparation of Ricotta from 

cheese whey and concentrated whey. 

Cheese Whey/Concentrated Whey 

Straining of whey 

Formulation of whey milk blend (9:1) 

Homogenization (25 bars) 

pH adjustment  

Addition of CaCl2  

Heating (Temp-ºC/25 min) 

Holding ricotta curd for 15 min 

 Whey drainage from Ricotta curd  

Vacuum packaging in polyethylene bags (500 g bag-1) 

Storage at 4ºC 

Figure 3.2 Flow diagram of Ricotta cheese production 
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Ricotta cheese was prepared from three best processing conditions/experiments of 

preliminary trials. Each experiment was performed in duplicate. Their pH, CaCl2 and 

temperature were adjusted according to their processing conditions and their yield (%) was 

calculated as presented earlier in Eq-(1). 

3.6 Preparation of yogurt by addition of concentrated whey 

Yogurts were prepared without (control) with adding concentrated whey at 05, 10, 15, 20, 25 

and 30% levels in milk in milk to increase the SNF after some modification in the process as 

described by the Sodini et al. (2005).  

3.7 Physicochemical analysis of Ricotta cheese and yogurt 

Ricotta cheese and yogurts were subjected to storage for 02 months at 6 ± 2ºC and 4 week at 

4 ± 2ºC respectively. These products were analyzed for various characteristic after an interval 

of 15 days for cheese and 7 days for yogurts. 

3.7.1 pH 

The pH of Ricotta cheese and yogurt was determined by following the method of Ong et al. 

(2007). Each sample (20 g) was blended with 12 mL water to prepare the cheese slurry and 

pH was measured by a pH meter (Inolab 720, WTW 82362) after calibrating it with fresh pH 

7.0 and 4.0 standard buffers. 

3.7.2 Acidity 

Acidity of Ricotta cheese and yogurt was determined by titration method of AOAC 920.124 

(2012) as given in previous section No. 3.4.2 with some modification in the preparation of 

samples.   

3.7.3 Moisture content 

The moisture content of Ricotta cheese and yogurt was determined by following method of 

AOAC 977.11 (2012). Sample (5 g) was taken in dried and weighed china dish. Then dish 

was placed in oven at 100oC for 3 hr and cooled in a desiccator and weighed. Moisture was 

calculated by following formula. 

Moisture (%)= 
Wt. of sample before drying −  Wt. of residue after drying 

Wt. of sample
×100 
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3.7.4 Fat content 

Fat contents of Ricotta cheese and yogurt was determined by Garber method as given in the 

section No. 3.5.4 with some modifications in the preparation of sample. Cheese butyrometer 

was used for Ricotta cheese, while milk butyrometer used for yogurt for fat determination of 

yogurt.  

3.7.5 Total protein content 

Total protein in Ricotta cheese and yogurt was determined using Kjeltech System (D-40599, 

Behr Labor Technik GmbH, Germany) following the Kjeldhal method as described in section 

No. 3.4.5. Sample weights 1 and 5 g was taken for cheese and yogurt sample respectively.  

3.7.6 Non protein nitrogen (NPN) content 

NPN was analyzed according to IDF standard 20-4 (2001). Sample (10g) was taken in a 

beaker and it was coagulated with 40 mL of 15% tricholoroacetic acid (TCA) solution. It was 

left for 15 minutes. Then it was filtered with whattman filter paper No. 42. Then 20 mL 

filtrate was digested in kjeldhal digestion flask with 20 mL of H2SO4 and digestion tablet 

until light green or clear solution obtain. The solution was distilled by adding 40% NaOH 

solution and the ammonia gas produced was trapped in 10 mL of 4% boric acid solution. It 

was then titrated against 0.1 N H2SO4 solution using methyl red as indicator. Non protein 

nitrogen was calculated by following formula.  

% Nitrogen = 
vol. of H2SO4 used (mL) ×250 x 0.0014

vol. used for digestion × vol. of digested sample 
×100 

 

NPN (%) =% Nitrogen × 3.60 

3.7.7 Lactose content 

 Lactose was determined by following the method as given section 3.4.7 with some 

modification for the preparation of sample. 

3.7.8 Ash content 

The ash content of Ricotta cheese and yogurt was determined by the incinerations of dried 

sample in muffle furnace at 550oC following the method given by the method No. 935.42 

AOAC (2012). 



 
 

49 

Ash (%)= 
Wt. of ash

Wt. of sample
×100 

3.7.9 Minerals analysis 

Minerals (calcium, sodium and potassium) were analyzed using flame photometer (Sherwood 

Flame Photometer 410, Sherwood Scientific Ltd. Cambridge, UK) according to the ashing 

method of AOAC (2012).  

Procedure 

Samples (1g for cheese and 5g for yogurt) were well-mixed taken in a tarred silica dish and 

weighed. The samples were heated first over a low Bunsen flame to volatize much of the 

organic matter as possible, then transfer to controlled muffle furnace at 300oC until the 

carbon has cease to glow and then raise the temperature to 530oC. After ashing, 5 mL of HCl 

was added in the crucible (contain ash of the sample) and evaporated to dryness. Then 

residue was dissolved by adding 10 mL concentrated HClO4 and heated for 5 min. Then 

deionized water was added to make up volume 100 mL. The prepared samples were loaded 

in flame photometer for calcium, sodium and potassium determination. Standard solutions of 

known concentration of calcium, sodium and potassium were prepared and run on flame 

photometer followed by sample to determine their content in the samples. The standard curve 

was obtained by plotting absorbance value of standards against appropriate concentrations of 

calcium, sodium and potassium respectively. 

 

3.7.10 Total solids content 

Total solids of Ricotta cheese and yogurt was analyzed according to the method No. 925.23 

(AOAC, 2012), by heating 5 g sample in oven at 100ºC for 3 hr. Total solids were calculated 

by the formula mentioned bellow. 

Total solids  (%)= 
Wt. of residue after drying

Wt. of sample
×100 

3.8 Color analysis of Ricotta cheese 

The color of Ricotta cheese was analyzed according to the method described by Rocha and 

Morais (2003) with some changes using color meter (PCM-PSM Color Tech, USA). 
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3.9 Textural analysis of Ricotta cheese 

Cheese samples were placed in air tight plastic bags and equilibrated at 8oC for 18 hr. Cubes 

of 25 mm length, width and height were cut from each sample using a stainless steel wire 

cutter and equilibrated at 8°C for a further 30 min before analysis. Samples were removed 

from the incubator and immediately compressed to 30% of the original height in 2 

consecutive cycles (i.e., double compression) at a rate of 1 mm/s on a texture profile analyzer 

(TA. XT, Plus Stable Micro System, Godalming, Surrey, UK) using compression plate at 

room temperature. The results were recorded as the force used to compress the cheese 

sample as described by Jooyandeh (2009) for Ricotta cheese. 

3.10 Viscosity of Ricotta cheese 

Viscosity of Ricotta cheese was measured by the method described by Gigante et al., (2006) 

using a Bohlin viscometer (Bohlin V88, Sweeden) equipped with a cone and plate system 

(CP 5.4/30) and attached to a workststion loaded with V88 viscosity program was used. 

About 1-2 gm of the cheese sample with a flat surface was placed on the plat and allowing 

the cone to touch the surface of the cheese sample. The viscosity was measured at 25°C with 

shear rate of 33 1/s virsus time. A total of three measurememts were carried out. 

 3.11 Syneresis analysis of yogurt 

The index of syneresis in yogurt was measured according to the method proposed by 

Amatayakul et al. (2006). The yogurt was stirred 20 times clockwise and anticlockwise with 

a glass rod. Then 30 g stirred yogurt was taken into 50 mL conical tube and left for 

stabilization at 4oC for 2 hr. After that it was centrifuged at 3000 rpm for 15 min at 10oC. The 

separated whey was weighed. The syneresis was expressed as the percentage weight of the 

whey separated from the gel over the initial weight of the gel. 

3.12 Water holding capacity (WHC) of yogurt 

The WHC of yogurt samples was determined by a Procedure described by Sahan et al. 

(2008). Yogurt (5g) was centrifuged at 4500 rpm for 30 min at 10oC. After centrifugion, the 

supernatant was removed, pellets were collected and weighed. WHC was calculated 

according to following Equation. (3):    

WHC= [1 −
𝑊𝑡

𝑊𝑖
 ] × 100             (3)  

Where 𝑊𝑡 is weight (g) of the pellet and 𝑊𝑖 is initial weight (g) of the yogurt 
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3.13 Determination of viscosity of yogurt 

The viscosity of yogurt was measured by using Brookfield DV-E Viscometer at 25oC 

according to method as described by Damian (2013), using spindle No.3 at 20 rpm for 05 

min. 

3.14 Microbial analysis of Ricotta cheese and yogurt 

3.14.1 Total Viable Count (TVC) 

TVC, and yeast & molds were calculated using the method given by Yousaf and Calstrom 

(2003). 

a. Preparation of saline solution: 

For the dilution of samples a normal saline solution using sodium chloride (0.9 g/100 mL) 

was prepared. The solution was autoclaved at 121oC and 15 lbs for 30 min. 

b. Preparation of serial dilutions   

Blank dilution was prepared by pipetting 9 mL of normal saline into sterile test tubes with a 

micropipette, then poured 1 mL of homogenized (with help of blender) Ricotta cheese 

sample into the first dilution blank about half an inch above the level of the liquid. Blew out 

and discarded the tip. With a fresh tip, dip half an inch into the liquid, sucked up and down 

ten times to mix. Take 1 mL from above dilution and transferred to the next dilution blank, 

discarded the tip and continued for the required number of dilutions.  

Table 3.2a Dilutions prepared for TVC  

Tube No. 1 2 3 4 5 6 

Dilution 1:10 1:100 1:1000 1:10,000 1:1000,00 1:1000,000 

Vol. of cheese / mL 
0.1 

(10-1) 

0.01 

(10-2) 

0.001 

(10-3) 

0.0001 

(10-4) 

0.00001 

(10-5) 

0.000001 

(10-6) 

2nd, 4th and 6th dilutions were selected. 

c. Media preparation 

Nutrient agar was used for determination of TVC.  
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Table 3.2b Nutrient agar formulation 

Ingredients Quantity (%) 

Peptone  0.5 

Yeast extract/ meat extract 0.3 

Agar 1.5 

Nacl 0.5 

Dissolved 15 g of nutrient agar in 1 L of distilled water and its pH was adjusted at 6.8 at 

25oC, and then it is sterilized at 121°C for 15 min. 

d. Inoculation 

Plates were sterilized and labeled with dilution number prior to spreading. From each dilution 

1 mL content was transferred on the surface of plate count agar plates and spread well. Plates 

were mixed gently to distribute sample equally and allowed to solidify. 

e. Incubation  

Incubated for 48 h at 37°C count average number of colonies from those dilutions that 

showed the colonies size ranging from 30-300 (cfu/ml) with the help of colony counter. 

f. Counting of colonies 

Total viable count was calculated by following formula 

Viable bacterial count (cfu/g) =
Average number of colonies × dilution factor

Volume ploted
 

3.14.2 Yeast and molds 

Yeast and molds were determined according to the following method described by Yousaf 

and Calstrom (2003). All Procedure saline preparation, dilution, inoculation, incubation and 

counting colonies are the same as described for TVC, but for media preparation 42 g dextrose 

agar in 01 L distilled water was used and sample dilutions were done till to 4th dilution.   
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3.15 Protein characterization through SDS-PAGE 

Raw whey, concentrated whey and Ricotta cheese fat free samples were freeze dried and 

used for protein characterization through SDS-PAGE by following to the method of 

Laemmli, (1970). 

3.15.1 Preparation of stock solutions and buffers 

a. Acrylamide/bisacrylamide solution 

Acrylamide (40 g) and bisacrylamide (1.033 g) were taken in 100mL volumetric flask and 

made volume upto 100 mL with distilled water and filtered and stored at 4oC. 

b. 1.55 M Tris HCl (pH 8.8) 

Tris (36.3 g) was taken and dissolved in 100 mL distilled water and then pH was adjusted to 

8.8 with 2N HCl and volume was made up to 200 mL with distilled water and was stored at 

4oC.  

c. 0.5 M Tris HCl (pH 6.8) 

Tris (6g) was taken and dissolved in 60 mL distilled water and then pH was adjusted to 6.8 

with 2N HCl and volume was made up to 100 mL in volumetric flask and stored at room 

temperature. 

d. 10% SDS (Lauryl sulphate) 

SDS (10 g) was taken and dissolved in distilled water and volume was made upto 100 mL in 

volumetric flask stored at room temperature. 

e. 10% Ammonium persulphate (APS) 

APS (10 g) was dissolved in distilled water and volume was made upto 100 mL with distilled 

water, aliquoted into eppendorfs and stored at -18oC. 

3.15.2 Preparation of buffer and staining sollution 

a. Electrode buffer (pH 8.3) 

Ingredients           Quantity 

TRIS                          30g 

Glycine                    144g 

SDS                           10g 

Tris                            30g 



 
 

54 

Dissolved above chemicals in 2 L distilled water and stored at 4oC. It is 5 times concentrated 

stock buffer. At the time of running of gel, it was diluted as 100 mL of stock buffer and 400 

mL of distilled water. 

b. Sample buffer; 2 x concentrations (Double strength) 

Ingredients                             Quantity 

0.5M Tris-HCl (pH 6.8)                   25.0 mL 

10% SDS solution                            40 mL 

Glycerol     20 mL 

Bromophenole blue        25 mL 

c. Staining solution 

Ingredients                               Quantity 

Coomassie brilliant blue                  6.25g 

Propan-2-ol                                    1000 mL 

Glacial acetic acid                           250 mL 

                                    Distilled wate                                  1250 mL 

The above reagents were dissolved and stored at room temperature. 

d. Fixative ingredients  

Ingredients                                    Quantity 

Propan-2-ole                                  700 mL 

 Glacial acetic acid                            280 mL 

  Distilled water                                1820 mL 

The above reagents were dissolved and stored at room temperature. 

e. Destaining ingredients 

           Ingredients                          Quantity 

          Methanol                                 800 mL 

          Glacial acetic acid                   200 mL 

            Distilled water                         100 mL 

The above reagents were dissolved and stored at room temperature. Always add the acid last 

to above solutions and add slowly and use fume hood. 

3.15.3 Gel solutions 

a. Resolving gel 
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Ingredients                            Quantity 

Distilled water                           2.35 mL 

1.5M Tris HCl (pH 8.8)                    2.5 mL 

SDS (10%)                                    0.1 mL 

                      ACRYL/BIS Stock                             5 mL 

                        APS (10%)                                          60 µL 

                        TEMED                                               10 µL 

b. Stacking gel 

Ingredients                                      Quantity 

                                    Distilled water                                   3.01 mL 

1.5M Tris HCl (pH 8.8)                     1.25 mL 

                                    SDS (10%)                                          0.1 mL 

                                    ACRYL/BIS Stock                             0.65 mL 

                                    APS (10%)                                          80 µL 

                                    TEMED                                               8 µL 

3.15.4 Procedure 

The SDS-PAGE will be carried out following the Procedure as given below. 

a. Sample preparation and loading 

Dried sample 15 mg was dissolved in sample buffer and heated at 95oC for 4 min. The 

samples were loaded slowly into wells with micropipetteto allow them to settle evenly on 

bottom of the wells. Cares was taken not to puncture the bottom of the well with tip. 

 Protein Ladder (4 µL) was used as standard for casein samples 

 Ricotta cheese samples (8 µL) were applied through micropipette 

Lid was placed on mini-tank (made sure to align the color coded banana plugs and jackets). 

Then electrical leads were inserted into suitable power supply and power was applied to 

mini-protean and electrophoresis was started by applying 90 volt power for 2 h. 

b. Gel removal 

After completion of electrophoresis, power supply was turned off and electrical cables were 

disconnected. Tank lid was removed carefully lifted out inner chamber assembly; running 

buffer was poured off and discarded. The cams of clamping frame were opened and pulled 

the electrode assembly out of clamping frame and gel cassette sandwich was removed. From 

gel cassette sandwich gel was removed by gently separating the two plates of gel cassette. 

For separation of gels from plates the green wedges shaped plastic gel releaser was used and 

sharp edges of plastic gel releaser was run along each spacer to separate the gel from spacer.    
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c. Staining and Destaining    

Gels were stained by immersing them in gel stain solution overnight and destained the gels 

in distilled water until background was clear. 

3.16 Analyses of Ricotta cheese organic acids 

Organic acids (Lactic acid, citric acid, acetic acid and pyruvic acid) in Ricotta cheese were 

determined during 60 days of storage at 15 day interval by high performance liquid 

chromatography (HPLC) following the method described by Akalin et al. (2002) with some 

modifications. For the extraction of organic acids, 7 g of grated sample was added to 40 mL 

of buffer-acetonitrile mobile phase (0.5% (W/V) (NH4)2 HPO4 (0.038 M) − 0.2% (V/V) 

acetonitrile (0.049 M), at pH 2.24 with H3PO4), agitated for 1 hr on a shaker (JK Ultra 

Turrax IKA T18 basic) at 10,000 rpm for 5 min. and then centrifuged at 6000 × g for 5 min. 

The supernatant was filtered once through Whatman #1 filter paper and twice through a 

0.45-µm membrane filter (Sartorious SM 11606, Goettingen, Germany) and then used 

directly for HPLC analysis. Operating conditions were: mobile phase, aqueous 0.5% 

(wt/vol) (NH4)2HPO4 (0.038 M) − 0.2% (vol/vol) acetonitrile (0.049 M) adjusted to pH 2.24 

with H3PO4; flow rate 0.5 mL/min and ambient column temperature. All the reagents used 

were from Sigma (Chemical Co., St. Louis, MO) and reverse-phase Skim-Pack C18 (LC) 

column from SHIMADZU Corporation, Japan. Both solvents and standard solutions were 

filtered through a 0.45-µm membrane filter (Sartorious SM 11606) before using. A HPLC 

(LC-10 AT VP Series, SHIMADZU Corporation, Japan) equipped with UV-VIS detector 

and auto-sampler was used in the analysis and chromatogram was detected at 214 nm. 

3.17 Sensory evaluation of Ricotta cheese and yogurt 

The cheese was evaluated for different sensory parameter (Color, flavor, smoothness, 

hardness, mouth feel and overall acceptability) as described by Clark et al. (2009). The 

appearance, body and texture, flavor and taste of yogurt was assessed using USA score card 

system as described by Narayana and Gupta (2013) with some modification. 

3.18 Statistically analysis 

Results obtained from different parameters were subjected to statistical analysis using 

Analysis of Variance Technique (ANOVA), two factor factorial completely randomized 

designs (CRD). Means were compared at 0.05 level of significance using Least Significance 

Difference (LSD) test as described by Steel et al. (1997).   
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CHAPTER-4   RESULTS AND DISCUSSION 

The present investigation was carried out to optimize the processing conditions for the 

production of Ricotta cheese from liquid and concentrated buffalo Cheddar cheese whey 

through RSM. The best three conditions were exploited for the production of Ricotta cheese 

from both whey and buffalo skim milk (9:1) ratio and compared for various quality 

characteristics of Ricotta cheese. The concentrated whey was also used to standardize SNF of 

yogurt milk at different levels and their impact on the quality was also monitored through 

various analyses. The results of all these investigated parameters are discussed under the 

following headings as given below. 

4.1 Optimization of processing conditions (temperatures, pH and CaCl2) for the Ricotta 

cheese yield from liquid whey 

Twenty experiments were run following the CCD combinations of temperature, pH and 

concentration of CaCl2. The yield (%) of Ricotta cheese from each experiment is given in the 

Table 4.1.  Experiment No. 19 in which temperature was adjusted to 90oC, pH at 7.0 and 6.0 

mM CaCl2 showed the highest yield (%) of Ricotta cheese as compared to other experiments 

from three batches followed by the experiment No. 5 and 14. The data obtained from the 

experiments were then expounded through analysis of variance (ANOVA) for response 

surface quadratic model and the results are summarized in Table 4.2  

The model showed a good fitting of the observed data. The Model F-value of 57.43 indicated 

that the model is significant (P<0.01). There was only 0.01% chance that F-value of this large 

could occur due to noise. R2 value 0.981 showed the better compatibility of the model. The 

signal/noise ratio (25.40) indicated that the model could be used to investigate the design 

space. Predicted R2 value of 0.858 is in reasonable agreement with the adjusted R2 of 0.964, 

i.e. the difference is less than 0.2. The effects of all the parameters on the yield were found 

statistically significant at a 95% confidence level. Graphical presentation of predicted versus 

actual values of Ricotta cheese yield is shown in Figure 4.1. 

The yield of the cheese may be calculated following the Equation (3) considering the variable 

factors as temperature (T), pH (P) and concentration of calcium chloride (C).  

Yield= – 2.279 + 0.066T – 0.120P – 0.171C + 9.31 × 10-3TP + 1.65 × 10-3TC + 0.011PC – 

6.803 × 10-4T2 – 0.046P2 – 0.040C2       (3) 
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Table 4.1 Central Composite Design (CCD) of processing conditions applied on cheese 

whey with yield as a response 

 

 

 

 

 

 

 

 

 

Std. Run 

Factor 1 

Temperature 

(ºC) 

Factor 2 

pH 

Factor 3 

CaCl
2
 (mM) 

Yield (%) 

 

19 1.  75.0 5.0 4.0 1.372 

11 2.  75.0 1.6 4.0 0.373 

6 3.  90.0 3.0 6.0 0.553 

7 4.  60.0 7.0 6.0 0.700 

12 5.  75.0 8.4 4.0 1.513 

9 6.  49.8 5.0 4.0 0.554 

3 7.  60.0 7.0 2.0 0.552 

5 8.  60.0 3.0 6.0 0.532 

15 9.  75.0 5.0 4.0 1.365 

14 10.  75.0 5.0 7.4 1.062 

17 11.  75.0 5.0 4.0 1.405 

20 12.  75.0 5.0 4.0 1.372 

2 13.  90.0 3.0 2.0 0.388 

10 14.  100.2 5.0 4.0 1.502 

1 15.  60.0 3.0 2.0 0.538 

13 16.  75.0 5.0 0.6 0.954 

4 17.  90.0 7.0 2.0 1.492 

18 18.  75.0 5.0 4.0 1.371 

8 19.  90.0 7.0 6.0 1.865 

16 20.  75.0 5.0 4.0 1.371 
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Table 4.2 Analysis of variance for response function with all factors 

  

Source 
Sum of 

Squares 

Degree of 

freedom 

Mean 

Squares 

F 

Value 

p-value 

Prob> F 

Model 4.30 9 0.48 57.43  0.0001 

Temperature (T) 0.93 1 0.93 116.66 0.0001 

pH (P) 1.49 1 1.49 186.59 0.0001 

CaCl2 (C) 0.054 1 0.054 6.79 0.0262 

TP 0.62 1 0.62 77.97 0.0001 

TC 0.02 1 0.02 2.45 0.1486 

PC 0.016 1 0.016 2.05 0.1830 

T2 0.34 1 0.34 42.20 0.0001 

P2 0.48 1 0.48 60.39 0.0001 

C2 0.37 1 0.37 46.19 0.0001 

Residual 0.08 10 0.008 
  

Corrected Total 4.22 19 
   

Non-significant= P>0.05, significant= P<0.05, highly significant= P<0.01 

R2 = 98.10%. R2 (adjusted for df) = 96.39%. Standard error of estimate= 0.089 

 

 

Figure 4.1 Predicted versus actual values of the response function production 
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It is obvious from Figure 4.1 that the values predicted by the model versus the observed data 

evidencing a reliable correlation, especially consideration the large ranges of factors. 

Minimum variations between predicted and actual values were observed by the model.  

Figure 4.2 (A-C) represented the effects of different factors (temperature, pH and calcium 

chloride) on yield of Ricotta cheese. Figure 4.2 (A) indicated the strong response surface 

dependence on both pH and temperature. Both factors affect the yield of Ricotta cheese, but 

pH has more effect as compared to temperature. Yield values changed from 0.73% to 1.91% 

with increase in pH 3.0 to 7.0 respectively having the same temperature 90oC, when pH 

increased from 3.0 to 7.0 at low temperature 60oC they showed almost the same response of 

yield 0.81%.  Figure 4.2 (B) showed the effect of temperature and CaCl2 on yield of Ricotta 

cheese. Both factors affect the yield, but temperatures have more effect as compared to 

CaCl2. Yield increased from 0.80 to 1.22% as temperature increased from 60 to 90oC 

respectively at same CaCl2 2.0 mM concentration. It is obvious from the results that yield 

strongly dependent on temperature. Figure 4.2 (C) presented the yield dependence on pH 

versus CaCl2. pH has strong effect on yield value as compared to CaCl2. From graphical 

presentation it was predicted that as the pH increased from 3.0 to 7.0 the yield increased from 

0.70 to 1.27% at the same concentration of CaCl2 4 mM. Temperature and pH have strong 

effect as compared to CaCl2. Ricotta cheese production increased at higher temperature, pH 

and CaCl2 concentration. These factors affect the whey proteins denaturation. Whey proteins 

denature and coagulates at higher temperature and high pH (Anema and Li, 2003; 

Bordenave-Juchereau et al. 2005).  

Ruegg et al. (1977) reported that the α-La denaturation occurs at 65.2oC at pH 6.7, while 

others researchers showed denaturation at 62 to 63°C and renaturation (90%) at pH 6.5 (De 

Wit et al. 1983). Irreversible changes of protein structure may occur above their denaturation 

temperature and effected by the environmental conditions like pH, ionic strength and protein 

concentration (De Wit and Klarenbeek, 1984). The yield of Ricotta cheese was lower as 

compared to other scientists because they used high quantity of milk with whey for the 

production of Ricotta cheese, but in this experiment only liquid whey was used. 

 

 



 
 

61 

(A) (B) 

 (C) 

Figure 4.2 Response surface as a function of pH and temperature (A), CaCl2 and 

temperature (B), CaCl2 and pH (C) 
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RSM showed that the best processing condition optimized by the model should be 90°C, pH 

7 and 5 mM CaCl2 with the yield 1.95%, which was processed, analyzed experimentally and 

compared with the best observed value. The best observed value 90°C, pH 7 and 6 mM 

CaCl2 showed slightly high yield (%) as compared to 90°C, pH 7 and 5 mM CaCl2 i.e. 

1.84%. So, we selected best three observed values for further consideration. From the 

experimental results three processing conditions corresponding higher yield for production of 

Ricotta cheese from liquid whey, RCLW1 (75°C, pH 8.4, CaCl2 4 mM), RCLW2 (100°C, pH 

5, CaCl2 4.0 mM) and RCLW3 (90°C, pH 7, CaCl2 6.0 mM) were selected for the next 

experiment of Ricotta cheese production from liquid whey blended with buffalo skim milk.  

4.2 Effects of processing conditions (Temperature, pH and CaCl2) for the Ricotta cheese 

yield from concentrated whey 

The impact of different processing conditions (Temperature, pH and CaCl2) on the yield of 

cheese was indicated in the form of twenty experiments resulting from the Design of 

Experiment (DOE) presented in (Table 4.3). Treatment number 19 whose temperature was 

adjusted to 90oC, pH at 7.0 and 6.0 mM CaCl2 added to whey showed the highest yield (%) 

of Ricotta cheese as compared to other experiments from three batches followed by the 

experiment No.14 and 5.  

The data obtained from the experiments were then explicated through analysis of variance 

(ANOVA) for response surface quadratic model and the results are summarized in Table 

4.4. The model showed a good fitting of the observed data. The Model F-value of 49.30 

indicated that the model is significant (P<0.01). There is only a 0.01% chance that F-

value this large could occur due to noise. R2 value 0.978 was appropriately good. The 

signal/noise ratio (23.19) indicated that the model could be used to investigate the design 

space. Predicted R2 value of 0.831 is in reasonable agreement with the adjusted R2 of 

0.958, i.e. the difference is less than 0.2. The effect of all factors on yield was calculated 

by following Eq. (4), which was obtained as a function of the all parameters (factors): 

Yield= – 17.067 + 0.442T + 0.662P + 0.567C + 0.038TP + 7.779×10-3TC + 0.073PC – 3.739 

× 10-3T2 – 0.288P2 – 0.192C2            (4) 

The equation in terms of actual factors can be used to make predictions about the response 

for given levels of each factor. Here, the levels should be specified in the original units for 
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each factor. The effects of the parameters on the yield were calculated by considering the 

effects statistically significant at a 95% confidence level.  

It was revealed from Figure 4.3, that the values predicted by the model versus the observed 

data evidencing a reliable correlation, especially consideration the large ranges of factors. 

Minimum variations between predicted and actual values were observed by the model. 

Figure 4.4 (A-C) represented the effects of factors on yield (%) of Ricotta cheese. Figure 4.4 

(A) indicated the strong response surface dependence on both pH and temperature (oC). Both 

factors affect the yield (%) of Ricotta cheese. Yield changes its values from 5.59 to 10.80% 

with increased in temperature from 60oC to 90oC respectively at the same pH 7.0, however 

when temperature increased from 60oC to 90oC at the same pH 3.0 the yield increase from 

4.19 to 4.90% respectively.  Figure 4.4 (B) showed the effect of temperature (oC) and 

calcium chloride (CaCl2) on yield of Ricotta cheese. Both factors affect the yield, but 

temperature (oC) had more effect as compared to calcium chloride (CaCl2). Yield (%) 

increased from 5.52 to 8.06%, as temperature increased from 60oC to 90oC at same CaCl2 2.0 

mM and yield increased from 5.04 to 8.45% as temperature increased from 60 to 90oC 

respectively at same CaCl2 6.0 mM. Yield value was strong dependence on temperature. 

Figure 4.4 (C) presented the yield (%) dependence on pH versus calcium chloride (CaCl2). 

pH has strong effect on yield value as compared to calcium chloride. From graphical 

presentation it was predicted that as the pH increased from 3.0 to 7.0% at the same value of 

CaCl2 2.0 mM the yield (%) increased from 4.97 to 8.02%. It was observed from the 3-D 

surface graphs of three factors that all three factors affect the yield (%) of Ricotta cheese. 

Temperature (oC) and pH had strong effect as compared to calcium chloride (CaCl2). Ricotta 

cheese production increased at higher temperature, pH and CaCl2. Temperature, pH, Calcium 

and total solids effect whey proteins denaturation. Whey proteins denature and coagulates at 

higher temperature and high pH (Anema and Li, 2003; Bordenave-Juchereauet al., 2005). 

Denaturation of α- La occurred at 65.2oC at pH 6.7 (Ruegg et al., 1977), others researchers 

showed denaturation temperatures 62 to 63 and 90% renaturation at pH 6.5 (De wit et al., 

1983). Irreversible changes of protein structure may occur at temperature higher than the 

denaturation temperature and effected by the processing conditions like pH, ionic strength 

and protein concentration (De wit and Klarenbeek, 1984). 
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Table 4.3 Central Composite Design (CCD) of processing conditions applied on 

concentrated whey with yield as response 

 

 

 

 

 

 

 

 

 

 

 

Std. Run 
Factor-1 

Temperature (ºC) 

Factor-2 

pH 

Factor-3 

CaCl
2
 (mM) 

Yield (%) 

 

19 1.  75.0 5.0 4.0 8.317 

11 2.  75.0 1.6 4.0 2.074 

6 3.  90.0 3.0 6.0 3.754 

7 4.  60.0 7.0 6.0 4.486 

12 5.  75.0 8.4 4.0 8.85 

9 6.  49.8 5.0 4.0 3.51 

3 7.  60.0 7.0 2.0 4.428 

5 8.  60.0 3.0 6.0 3.046 

15 9.  75.0 5.0 4.0 8.303 

14 10.  75.0 5.0 7.4 6.132 

17 11.  75.0 5.0 4.0 8.302 

20 12.  75.0 5.0 4.0 8.295 

2 13.  90.0 3.0 2.0 3.938 

10 14.  100.2 5.0 4.0 9.162 

1 15.  60.0 3.0 2.0 3.598 

13 16.  75.0 5.0 0.6 6.954 

4 17.  90.0 7.0 2.0 8.74 

18 18.  75.0 5.0 4.0 8.254 

8 19.  90.0 7.0 6.0 10.297 

16 20.  75.0 5.0 4.0 8.335 
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Table 4.4 Analysis of variance for response function with all factors 

Source 
Sum of 

Squares 

Degree of 

freedom 

Mean 

Squares 

F 

Value 

p-value 

Prob> F 

Model 120.40 9 13.38 49.30  0.0001 

Temperature 

(T) 
31.30 1 31.30 115.36  0.0001 

pH (P) 45.80 1 45.80 168.79  0.0001 

CaCl2(C) 0.019 1 0.019 0.068 0.7990 

TP 10.29 1 10.29 37.94 0.0001 

TC 0.44 1 0.44 1.61 0.2338 

PC 0.69 1 0.69 2.55 0.1417 

T2 10.20 1 10.20 37.60 0.0001 

P2 19.07 1 19.07 70.28  0.0001 

C2 8.51 1 8.51 31.34 0.0002 

Residual 2.71 10 0.27 
 

 0.0001 

Corrected 

Total 
123.11 19   

 

Non-significant= P>0.05, significant= P<0.05, highly significant= P<0.01 

R2 = 97.80%. R2 (adjusted for d.f) = 95.81%. Standard error of estimate= 0.52 

 

 

Figure 4.3 Predicted versus actual values of the response function 
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(A)       (B) 

 
(C)  

Figure 4.4 Response surface as a function of pH and temperature (A), CaCl2 and 

temperature (B), CaCl2 and pH (C) 
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The obtained results require some further considerations. The RSM showed that T = 90oC, 

pH= 7.0 and CaCl2 4.64 mM with the yield 10.89% and the model ensured a good fitting of 

the observed data. Optimized value was processed analyzed experimentally and compared 

with the best observed value. The best observed value at 90°C, pH 7 and 6 mM CaCl2 

showed slightly higher yield (%) as compared to optimized condition 90°C, pH 7 and 4.64 

mM CaCl2 i.e. 10.07%. So, we selected best three observed values for further consideration. 

From the experimental results three processing conditions corresponding higher yield for 

Ricotta cheese production from concentrated whey, RCCW1 (75°C, pH 8.4, CaCl2 4 mM), 

RCLW2 (100°C, pH 5, CaCl2 4 mM) and RCLW3(90°C, pH 7, CaCl2 6 mM)were selected for 

next experiment of Ricotta cheese production with skim milk.  

4.3 Physicochemical analysis of liquid whey, concentrated whey, skim milk and their 

blends 

The liquid, concentrated whey and their blends (9:1) with skim milk were evaluated for 

various physicochemical parameters before using them in the production of Ricotta Table 

4.5. The major nutrients in cheese whey, skim milk and their blend were water, protein and 

lactose. These also contain fat and minerals in minor quantity. Liquid cheese whey contains 

higher moisture (93.37%), low proteins (0.78%) and high lactose content (4.76%) as 

compared to skim milk which had 89.35, 3.53 and 4.73% respectively.  

Concentrated whey contains low moisture (51.38%), high proteins (5.64%) and high lactose 

content (35.31%) as compared to buffalo skim milk which had 89.37%, 3.53% and 4.72% 

respectively (Table 4.5).  The results of whey composition are in agreement with Johansen et 

al. (2002) and El-sheikh et al. (2010). Omole et al. (2012) examined the composition of 

whey from different cheese production areas and found that lactose, protein, ash and total 

solid content of cheese whey ranges from 3.98 to 4.06%, 0.6 to 0.65%, 0.84 to 0.95% and 6.0 

to 6.5% respectively. The fat content of cheese whey was 0.26% that is less then presents 

finding which could be due to the difference in fat quantity of buffalo milk as compared to 

cow milk. The pH and acidity values of cheese whey from different cheese producing areas 

are 5.90 and 0.27-0.36% respectively. El-sheikh et al. (2010) analyzed the cheese whey and 

found that lactose, protein, ash and total solid contents of cheese whey ranged from 3.98 to 

4.8%, 0.6 to 0.7%, 0.80 to 0.95% and 6 to 7.1%, respectively.  
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Table 4.5 Physicochemical analysis of cheese whey, concentrated whey, skim milk and  

their blend 

Parameters 
Liquid 

whey 

Concentrate

d whey 
Skim milk 

Whey : 

Skim milk 

(9:1) 

Conc. whey 

: Skim milk 

(9:1) 

pH 5.20 ± 0.047 4.35 ± 0.036 6.76 ± 0.065 5.36 ± 0.038 4.59 ± 0.026 

Acidity (%) 0.28 ± 0.014 1.69 ± 0.029 0.12 ± 0.01 0.24 ± 0.010 1.52 ± 0.019 

Moisture (%) 93.38 ± 0.29 51.38 ± 0.20 
89.35 ± 

0.143 

92.91 ± 

0.184 

55.27 ± 

0.222 

Fat (%) 0.35 ± 0.026 2.57 ± 0.031 1.50 ± 0.047 0.52 ± 0.013 2.35 ± 0.024 

Total Protein 

(%) 
0.78 ± 0.028 5.64 ± 0.043 3.53 ± 0.034 1.04 ± 0.016 5.43 ± 0.037 

NPN (%) 0.18 ± 0.010 1.17 ± 0.051 0.13 ± 0.012 0.17 ± 0.015 1.05 ± 0.017 

Lactose (%) 4.76 ± 0.047 35.31 ± 0.189 4.73 ± 0.049 4.73 ± 0.046 
32.40 ± 

0.166 

Ash (%) 0.45 ± 0.012 3.41 ± 0.02 0.78 ± 0.025 0.50 ± 0.011 
3.030 ± 

0.012 

Total solids 

(%) 
6.63 ± 0.056 48.62 ± 0.195 

10.63 ± 

0.061 
7.03 ± 0.059 

44.73 ± 

0.221 

Mean values of three replicates ± S.E 
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Johansen et al. (2002) analyzed the difference in the composition of whey according to 

cheese type (Cheddar and Dutch type), season of production and geographical region. They 

found that protein content of Cheddar cheese whey expressed seasonal variation. The whey 

contains total protein from 0.72 to 0.91%, total solids from 6.13 to 6.46%, lactose from 4.85 

to 5.19%, ash from 0.50 to 0.57% and fat from 0.05 to 0.35%. Information on the gross 

composition of whey is important in predicting the properties of whey products. Whey has 

different types each having different composition. The variation in the composition of milk 

used for the manufacturing of cheese influences the composition of whey. The composition 

of whey also depends on the type of bacteria used in the curdling of the milk and production 

methods. The whey composition determines its potential application and functional attributes 

(Omole et al., 2012).   

The results of concentrated whey composition (Table 4.5) are in agreement with Gillani et al. 

(2015). They examined the whey concentrate composition and found that acidity, fat, protein, 

NPN, lactose, ash and total solids contents (%) of concentrated whey were 2.63, 2.33, 4.53, 

1.13, 36.81, 4.03 and 48.68% respectively. Compositional analyses are also accordance with 

Mazhuvanchery and Kulkarni (2013).They analysed total solids 11.4-11.6%, protein 1.5-

1.6%, fat 0.2-0.3%, acidity 0.29-0.31% and pH 6.2-6.5. Regarding the pH values of 

concentrated whey, Yousif et al. (1997) reported that the pH of acid and sweet whey fall 

between the ranges of 3.57 to 4.34 and 6.02 to 6.58 respectively. Almost similar pH results 

for normal acid (4.70) and sweet whey (6.10) were stated by Gernigon et al. (2010). 

El-sheikh et al. (2010) examined the whey protein concentrate composition used for the 

Ricotta cheese production and found that protein, lactose, ash and total solid contents of 

whey protein concentrate was 7.41, 4.1, 2.3 and 13.95 respectively. Alsaed et al. (2013) 

observed that concentrated acid whey (CAW) had pH 3.57, acidity 4.95, protein 4.06, lactose 

30.13, dry matter 68.98 and salt 14.56 (%) compared with the concentrated sweet whey 

(CSW) which had 6.58, 2.07, 8.25, 36.40, 64.35 and 2.59 (%) respectively.  

4.4 Physicochemical characteristics of Ricotta cheese prepared from liquid and   

concentrated whey 

Physicochemical composition of cheese determines its quality and consumer acceptance 

because they have direct effect on the functionality of cheese (Costabel et al., 2007). Ricotta 

cheeses were prepared from liquid and concentrated whey obtained from buffalo cheddar 
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cheese manufacturing after mixing with skim milk (9:1) following the best three 

combinations of temperature, pH and concentration of CaCl2 from previous experiment. 

Prepared Ricotta cheese samples were analyzed and compared for yield and different 

physicochemical characteristics during storage, which are presented and discussed below.  

4.4.1 Yield and moisture contents of Ricotta cheese 

Moisture of cheese is a critical factor for determining cheese functionality. Moisture is 

important when Ricotta is used as ingredients (Modler and Emmons, 2001). There are 

variations in the moisture content of Ricotta cheese which depends on the manufacturing 

method and type of the whey (Kandarakis, 1981). 

Texture of cheese including hardness, elasticity and low susceptibility to compression 

fractures are influence mainly by the moisture content of cheese (Ong et al., 2012), which are 

desired features of products used in fillings and garnishing the general uses of cheeses (Borba 

et al., 2014). Surface moisture, appearance attributes and glossiness were interrelated during 

storage. The amount of reflected light is increased by an increase of moisture on the cheese 

surface (Asensio et al., 2014). The yield of Ricotta cheese is determined by measuring the 

weight fresh of cheese (g) obtained from known quantity of whey and milk mixture (Zeng et 

al., 2007).  

Table 4.6 presented the impact of Ricotta cheese prepared from liquid and concentrated whey 

moisture content of cheese were significant (p<0.01), while storage and their interaction with 

storage period on the moisture content was not significant (p>0.05). The moisture content 

remained quite constant throughout 60 days storage nevertheless; it increased slightly during 

storage, which may be attributed to freshly curd taking up of moisture when stored at low 

temperatures and high relative humidity (Guerra-Martınez et al., 2012). 

It is obvious from Figure 4.5 and 4.6 that mean values of yield and moisture of Ricotta 

cheese prepared from liquid whey and concentrated whey were significantly (p<0.01) 

differed from each other’s. Highest yield (28.8%) of Ricotta cheese with lowest moisture 

(65.78%) prepared from concentrated whey was obtained by adopting the RCLW2 (100 °C, 

pH 5, CaCl2 4 mM) processing conditions, while lowest yield (5.8%) was in Ricotta cheese 

with highest moisture (70.54%) prepared from liquid whey which was processed at the same 

processing conditions. So, it was concluded that Ricotta cheese yield increases by increasing 

the concentration of liquid whey by removing moisture. Ricotta cheese prepared from liquid 
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whey had highest yield 7.52% for RCLW3 (Temperature 90oC, pH 7.0 and 6.0 mM CaCl2) 

processing conditions as compared to other two Ricotta prepared from liquid wheys. 

Mean value of the moisture contents of Ricotta cheese were in the range from 65.78 to 

70.54% (Figure 4.6). The lowest moisture content of RCCW2 Ricotta cheese could be due to 

the higher temperature of processing which showed more denaturation and retention of 

moisture which ultimately increased the yield of Ricotta cheese. Sulieman et al. (2012) 

observed 72.89% while Najafi and Moatamedzadegan (2001) detected 76.33% moisture 

contents in Ricotta cheese. Madalozzo et al. (2015) analyzed moisture contents in 

commercially marketed Ricotta cheese samples in Brazil and observed that moisture content 

was in the range from 60.09 to 81.35%.The moisture contents of creamy Ricotta cheese was 

about 74%, which makes it as a high moisture cheese (Borba et al., 2014).  

Processed cheese foods like Ricotta have high moisture content due to which it is used as a 

wet ingredient in many food products. Modler et al. (1985) reported that Ricotta prepared 

from whole milk containing moisture (58%) can contribute as the product ingredients (25–

30%) in a cream cheese type spreads. Modler and Emmons (2001) described that Ricotta 

containing high casein contents (more milk addition) have moisture (55–72%) and provides 

an opportunity to make a higher degree of substitution. 

Generally, 01 kg of Ricotta can be obtained from 15-20 L of liquid whey (Mills, 1986), 

which relates to a cheese yield (6% w/v) (Kosikowski, 1982a). Weatherup (1986) defined a 

Procedure for Ricotta cheese production and reported that mixing Cheddar whey 80% (v/v) 

with whole milk 20% (v/v) by neutralizing it to a of pH 6.5 with NaOH, then decreasing its 

pH 5-6 with citric or acetic acid for precipitation at 87oC after acidification lead to a yield of 

12% (w/v). Modler (1995) reported that yield (11.3–11.8%) with moisture 78% is obtained 

by mixing a blend of 75% whey and 25% milk. Pereira et al. (2007) observed 5.30 ± 0.78% 

whey cheese yields from ovine cheese whey. Vodret (1970) reported that differences in the 

moisture content of whey cheeses could be consistently related to precipitation temperature. 

Borba et al. (2014) examined creamy Ricotta cheese yield (7.9%) having moisture content of 

approximately 74%,  prepared from mixture of whey and milk (goat and cow), which was 

higher than that reported by Ribeiro et al. (2005) who observed Ricotta cheese yield 4–6% 

made from cow milk. The higher yield of creamy Ricotta cheese detected by Borba et al. 
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(2014) was due to adding of cream in whole milk during preparation of Ricotta because 

skimmed milk having low fat is mostly used in the Ricotta cheese production, that gives to a 

lower cheese yield (Caro et al., 2011), because lower fat milk results in more moisture, 

which decreased the yield% (Mistry, 2001). Hawkins et al. (2009) prepared Ricotta cheese 

from  WPC supplemented with four levels of skim milk 0, 1, 2.5 and 5%, applying two 

heating profiles, 85 and 95ºC and detected that maximum yield 20.85 ± 1.06% of Ricotta 

cheese from WPC with 5% skim milk at 85ºC.  

Reconstituted skim milk powder (SMP) is not recommended to use in whey/milk blend for 

the preparation of Ricotta to boost its yield which is practiced by some Ricotta producers but 

this methods of Ricotta preparation lead to a firm, gritty and chalky product. Normally, yield 

of 11.3– 11.8% at 78% moisture  will obtained when a blend of 75% whey and 25% milk is 

used for its production (Modler, 1995), which increased to about 13% at same moisture 

content if one incorporates 5% SMP in a similar blend (80% whey and 20% milk). The yield 

of whole milk Ricotta (3.17% milk fat) having  a moisture content of 72% is about 26% in 

the finished cheese, which decreased to 15.64%  as the moisture decreases to 58% (Modler, 

1999). 

El-sheikh et al. (2010) observed Ricotta cheese yield 20.11% prepared from WPC by GDL 

(1.5%) coagulation and 23.56% by citric acid 0.014% coagulation. Maximum yield (30.11%) 

determined by the Ricotta cheese prepared from mixture of WPC and SMP (6%) by citric 

acid coagulation and 29.09% from GDL coagulation. Preliminary concentration of whey 

increased the Ricotta cheese yield (%). Higher yield of Ricotta is obtained by using 

condensed whey, which increased from 10.2 to 47.2% (w/w) by a total solid due to 

condensed whey, but the whey cheeses, having total solids content more than 21% (w/v) 

were unclean, coarse and exhibited a mealy and grainy texture and were not organoleptically 

acceptable. So, the Ricotta with 21% (w/v) total solids recommended by Streiff et al. (1979).  

Zerfiridis et aI. (1985) examined that the yield of Ricotta is improved if initial pH of whey 

when adjusted to 5.8 and addition of Ca2+ (40-120 ppm). Pintado et al. (2001) repoted that 

typicaly Ricotta yield obtained is 6%, but it can be increased by the preliminary 

concentration of protein (by condensation or ultrafiltration techniques), by addition of milk 

and calcium salts.  
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Table 4.6 Mean square for moisture content of Ricotta cheese  

** = Highly significant (P<0.01), NS= Non-significant (P>0.05) 

 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.5 Variations in yield of Ricotta cheese manufactured under different 

processing conditions from liquid and concentrated whey 
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Ricotta 5 48.471** 

Days 4 0.588 NS 

Ricotta ×  Days 20 0.003 NS 

Error 60 1.585 

Total 89  
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM  

Figure 4.6 Variations in moisture content of Ricotta cheese manufactured under 

different processing conditions from liquid and concentrated whey 
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4.4.2 pH and acidity of Ricotta cheese 

pH is an important parameter that influences all facets of cheese including texture, flavor and 

appearance (Upreti and Metzger, 2007). pH is the indicator of enzymatic activity, which 

dissociate the lactose into lactic acid. In the manufacturing of dairy products pH plays a 

significant role to determine the end product quality (Jensen, 1995). The acidity is the 

percentage of lactic acid measured by the titration with NaOH. Lactic acid bacteria are 

responsible for conversion of lactose into lactic acid. The acidity has inverse relationship 

with pH i.e if pH is higher, the acidity will be lower and vice versa.  Some soluble calcium 

phosphate precipitates as Ca (PO4) with the release of H+, which result a little decrease in pH. 

Crystallization of lactose as r-monohydrate exacerbates the situation. The higher 

concentrations of Ca2+ and reduced pH can be responsible for the destabilization of the casein 

micelles (Walstra et al., 2006). 

Ricotta samples prepared under different conditions (temperatures, pH and calcium chloride) 

from liquid and concentrated whey were characterized to assess the pH and acidity. The 

variations in the samples, storage period and their interaction significantly (p<0.01) 

influenced the pH and acidity of all Ricotta cheese samples (Table 4.7). Figure 4.7 a&b 

represented the changes in pH and acidity of Ricotta cheese samples during storage. The 

results corresponding mean pH for Ricotta cheese (results not mentioned) indicated that pH 

of all samples decreased from 5.86 (0 day) to 4.90 (60 days) during storage, while mean 

acidity  of Ricotta cheese samples increased from 0.57 to 1.24% after 60 days of storage. The 

results presented in the Figures indicated a decreasing and increasing trend in pH and acidity 

values of all Ricotta cheese samples respectively during the whole period of storage. The 

highest decrease in pH was noticed in RCCW1 (1.13) fallowed by the RCWL1 (1.06), 

RCWL2 (1.03), RCCW3 (0.94) and RCCW2 (0.92), while the lowest reduction in pH was 

observed in RCLW3 (0.73). The Figure 4.7 b revealed the highest acidity in RCCW2 

followed by the RCLW2, RCWL3, RCCW3, RCCW1 and RCWL1. The increase in acidity of 

all the Ricotta cheese varied from 0.573 to 1.24% during the whole period of storage.  

In contrary to the present results, the Ricotta cheese prepared from a mixture of whey and 

milk (80:20) showed a higher pH from 6.0 to 6.1 prepare by the Modler and Emmons (2001). 

The difference is due to initial pH of whey established during the production of Ricotta. 



 
 

76 

Sulieman et al. (2012) observed pH 5.30 ± 0.23 and acidity 1.38 ± 0.06 in Ricotta cheese 

prepared at laboratory scale, which is more close to the current findings. The difference in 

pH is due to adjustment of pH during production of Ricotta cheese. El-sheikh et al. (2010) 

observed pH 5.35 of Ricotta cheese prepared from whey protein concentrate (WPC) using 

GDL at 1.5% and 5.91 by citric acid (0.014%) coagulation. They also noted the maximum 

pH 6.21 in Ricotta cheese prepared from mixture of WPC and SMP (6%) by citric acid 

coagulation and 5.90 from GDL coagulation. 

Abdel-Razig and AlGamry (2009) examined the effect of acidifying agents (white vinegar, 

lemon juice and grape fruit juice) and storage temperature on the quality of un-ripened whey 

cheese and detected that titratable acidity of un-ripened whey cheese prepared from white 

vinegar, significantly (P≤0.05) increased from1.0% at 0 day to 1.30% after 60 days storage. 

The acidity of whey cheeses coagulated from lemon juice and grape fruit juice increased 

from 1.01, 1.03% at 0 day to 1.20 and 1.12% respectively after 60 days of storage. 

Asensio et al. (2014) observed decrease in pH of Ricotta from 4.37 to 3.56 and increase in 

acidity from 0.12 to 0.26% of Ricotta during 30 days storage. Roseiro and Wilbey (1991) 

detected that in the production of Ricotta cheese variation in acidity of whey (pH range from 

5.26 to 5.86) is not an important aspect however; unacceptable sensorial properties could be 

produced due to high acidity particularly if contamination of whey occurred by non-starter 

organisms. The relatively high pH of Ricotta makes it susceptible to spoilage, so good 

hygienic handling, addition of salt and use of low temperature storage is crucial steps to 

increase its stability. 

The decrease in pH and increase in acidity during storage may be attributed to the increase in 

lactic acid due to growth of lactic acid bacterial culture, lactose utilization and hydrolysis of 

fat (Guinee et al., 2000; Suleiman, 2007; Rotaru et al, 2008). These changes are attributed 

due to enzymatic activities from indigenous and external microbial sources, which convert 

the lactose to lactic acid (Rejikumar and Devi, 2001). It has been detected through various 

studies that heat processing of whey effect the activity of β-galactosidase. At 55 to 75 °C, β -

galactosidase activity decreased slightly, while heating whey to 85°C for 30 min raised the 

rate of hydrolysis significantly (Rytkonen et al., 2002), which could be the reason of 

hydrolysis of lactose into lactic acid. 
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Table 4.7 Mean square for pH and acidity of Ricotta cheese  

Source of variation Degree of freedom pH Acidity 

Ricotta 5 13.9239** 0.19016** 

Days 4 2.7679** 0.40294** 

Ricotta × Days 20 0.0250** 0.00178* 

Error 60 0.0015 0.00086 

Total 89   

** = Highly significant (P<0.01), * = Significant (P<0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM  

Figure 4.7a Variations in pH of Ricotta cheese during storage manufactured under 

different processing conditions from liquid and concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM  

Figure 4.7b Variations in acidity of Ricotta cheese during storage manufactured under 

different processing conditions from liquid and concentrated whey 
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4.4.3 Fat content of Ricotta cheese 

The fat content in cheese is significantly influences the texture, melt-ability and flavor 

(Delacroix-Buchet and Lambert, 2000; Pizzillo et al., 2005). Fat content in whey depends on 

the fat content of cheese milk (Omole et al., 2012) from which the whey was obtained.  

The statistical evaluation of fat content in Ricotta cheese given in Table 4.8 indicated the 

significant impact of Ricotta cheese samples (p<0.01) and storage period on the fat values of 

cheese, while their interactive effect was non-significant (p>0.05). The fat of Ricotta cheese 

manufactured from liquid and concentrated whey determined by Gerber method over 60 days 

period at 4°C is depicted in Figure 4.8. Fat contents of all Ricotta cheese samples differ 

significantly (P<0.01) from each other. RCCW3 showed the highest fat content (4.5%) and 

RCLW1 had the lowest fat (3.0%) out of the six samples of Ricotta at 0 day of storage, which 

decreased to 3.83% and 2.33% respectively after 60 days storage. Difference within fat (%) 

of Ricotta cheese samples could be due to the difference in processing conditions during 

preparation of Ricotta cheese and the difference in the composition of whey from which the 

cheese were produced.  

It is evident from the Figure 4.8 that the Ricotta cheeses prepared from the liquid whey have 

lower numerical values of fat as compared to those prepared from concentrated whey. 

Madalozzo et al. (2015) analyzed the commercially marketed Ricotta cheese samples in 

Brazil and found the vide variation in fat contents (1.84 to 19.92%). The fat contents of whey 

cheese in different countries reported by Pintado et aI. (2000) varies from 1.38 to 26% due to 

different processing conditions. Modler and Emmons (2001) analyzed the fat contents in 

various samples of Ricotta produced at Agriculture and Agri-Food Canada (AAFC) and 

observed that low fat Ricotta has <2% and Ricotta prepared from whey: milk (80:20) mixture 

contains 5-8% fat contents.  

The variations in the fat content of Ricotta cheese depends on the manufacturing method and 

type of whey (Kandarakis, 1981). In a study conducted by Pintado et al. (1996) it was 

observed that fat content of whey cheese is affected positively by heating time, heating 

temperature, and by addition of milk either positively or negatively. Pereira et al. (2006) also 

reported that increases in heating rate leads to a greater retention of fat. Ricotta prepared 

from liquid whey had lower fat levels and could be suitable for the preparation of low fat 

products (Modler and Emmons, 2001). Fat contents (%) of all Ricotta cheese samples 
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decreased significantly (P<0.05) during storage. This decreases significantly related to the 

extent of lipolysis. The decrease in fat contents may be due to dissolution of fat into the 

pickling solution and lipolytic activity of microorganisms on fat resulting in a leakage of 

some fat from crude into the pickling whey. Lipase breaks down the triglycerides, reducing 

their content and increasing the content of free fatty acids, monoglycerides and diglycerides, 

or reduction in antioxidant contents (Nofal et al., 1981; Dhuol and Hamid, 2013). Loss of 

moisture in unpacked Ricotta resulted in lipolysis during refrigerated storage; however 

lipolysis was inhibited by vacuum packaging (Pintado and Malcata, 2000).  These studies 

confirm the results of present study. 

4.4.4 Protein and non-protein nitrogen content of Ricotta cheese 

Total protein includes the all types of protein and NPN. The amount of protein varies from 

species to species. Whey protein contains essential amino acids and branched chain amino 

acids, which are important for the growth and development of newborns and athletes. Ricotta 

cheese is an excellent source of whey proteins. It can compete with other dairy ingredients on 

a protein basis and should be considered when making least-cost product formulations 

(Modler and Emmons, 2001). The NPN comprises urea, amino acids, choline and orotic acid 

of which urea represents 40%. The higher NPN content in cheese whey reflects the presence 

of additional peptides (casein macropeptide) come from casein micelles during cheese 

production.  

The statistical analysis (ANOVA) performed on protein and NPN (Table 4.9) results showed 

that these parameters differ significantly (P<0.01) due to variation in Ricotta cheese 

(variations in processing conditions and whey). The storage periods and their interaction with 

Ricotta cheese also influenced the NPN significantly but there was the non-significant 

(p>0.05) effect of these variables on the protein contents.  

The mean values of protein presented in Figure 4.9a indicated that RCLW3 exhibited the 

highest protein content (20.5%) followed by RCCW2 (19.8%), while RCCW1 indicated the 

lower protein (16.5%) out of the six samples of Ricotta. The protein contents of cheese 

samples slightly but non-significant decreased during storage. It is obvious from the Figure 

4.9b that Ricotta cheeses manufactured from concentrated whey have the higher level of 

NPN as compared to those prepared form liquid whey. 
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Table 4.8 Mean square for fat content of Ricotta cheese  

Source of 

variation 

Degree of 

freedom 
Sum of squares Mean Squares F- value 

Ricotta samples 5 28.656 5.731 21.72** 

Days 4 2.972 0.743 2.82* 

Ricotta ×  Days 20 0.261 0.013 0.05NS 

Error 60 15.833 0.264  

Total 89 47.722   

** = Highly significant (P<0.01), NS= not significant (p>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.8 Variations in fat content of Ricotta cheese samples manufactured under 

different processing conditions from liquid and concentrated whey 
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The Ricotta cheese prepared from concentrated whey heating at 100°C, pH 5 and CaCl2 4 

mM (RCCW2) exhibited the highest NPN (2.37%) followed by RCCW3 (2.15%) and RCCW1 

(2.06%), while RCLW1 showed the lowest NPN (1.03%) at 0 day of storage. There was 

minor but consistent increase in NPN in all the Ricotta cheese samples as apparent from the 

Figure following the same trend as that was on the first day of storage. The total increase in 

NPN was higher (0.49%) in RCLW3 followed by RCCW2 (0.44%), however the lowest 

increase was noticed in RCLW2 (0.37%). Difference within protein and NPN (%) of Ricotta 

could be due to the difference in processing conditions (temperature, pH, CaCl2) during 

preparation of Ricotta and whey composition. Whey proteins are precipitated and coagulated 

at high temperature and pH values as presented by RCLW3 (90oC, pH 7 and 6 mM of CaCl2) 

which contains the high protein content.  

These results are supported by the findings of O’kennedy and John (2009), who reported that 

the accumulated β-lactoglobulin significantly increased by heating in the presence of calcium 

(5 mM) at high pH values. Salvatore et al. (2014) observed that the composition of Ricotta 

cheese is dependent on concentration of protein in the whey samples. Ricotta prepared from 

the mixture having 7.09% protein showed higher protein (10.18%) than those manufactured 

from the mixture with 1.56% protein showing 6.70% protein. Pintado et al. (2000) 

determined the protein contents of different whey cheeses and reported that the protein 

contents vary from 4.1 to 15.9% due to different processing conditions. Modler and Emmons 

(2001) developed a continuous process for the production of Ricotta and reported above 95% 

recovery of protein and fat. They also noticed that operational factors like pH, quality of the 

raw material, pumping rates, time and temperature of process effect the recovery rate of 

constituents.  They reported that a combination of 15 min time and 88–90°C temperature 

serves better to denature the whey proteins and make them susceptible to aggregation. 

Denaturation of whey proteins during processing of Ricotta imparts some unique properties 

to cheese. The formation of firm aggregated protein particles occurs at a higher pH (6.8–7.0). 

The Ricotta process in these conditions is suitable for application in cheese foods, cheese 

spreads, dips, dressings and cream cheese type spreads (Modler et al., 1989a). El-sheikh et 

al. (2010) observed 17.55% protein in Ricotta cheese prepared from WPC by GDL 

coagulation and 16.45% by citric acid coagulation. Protein contents of all Ricotta cheese 

samples decreased non-significantly (P>0.05) during storage which showed that lower 



 
 

83 

proteolytic activities of lactic acid bacteria due to higher temperature of processing than the 

other cheeses (Nour El Daim and El Zubeir, 2007; Rotaru, et al, 2008; Hayaloglu and 

Karabulut, 2013). Madalozzo et al. (2015) analyzed the various samples of Brazilian Ricotta 

cheese and observed that protein was in the range from 9.94 to 16.02%.  

Temperatures greatly effect on the denaturation of whey proteins, as RCCW2 was processed 

at high temperature (100oC) due to which its NPN% was high. The results regarding the NPN 

contents are confirmed by the findings of Abdrabo et al. (2009) and Soliman et al. (2010) 

who reported that NPN content increased during refrigeration temperature (4oC). The 

increase in NPN during storage might me due to pH values above 4.6, which promote the 

activity of peptidases in cheese during storage (Sheehan et al., 2009). Katsiari et al. (2002) 

reported a reduction (P < 0.05) in the concentrations of methionine, lysine and alanine during 

refrigerated storage in the mixed creamy Ricotta samples.  

Mancuso et al. (2014) examined the decrease in protein contents of Ricotta cheese slightly 

from 8.64 to 8.51 during 17 days of storage. These results are similar to the present finding in 

which a slight but non-significant decrease was perceived in protein contents. During a study 

conducted by Soliman et al. (2010), it was observed that NPN content increased during 

storage due to proteolysis. 

4.4.5 Lactose content of Ricotta cheese 

Lactose is a disaccharide composed of two monosaccharide galactose and glucose, only 

present in milk. Lactose is 30% as sweet as sucrose and used as a sugar supplement in food 

confectionery, infant milk formulas, as a binder and filler in tablets. Lactose is extracted from 

whey in which it is found in the range from 4% to 4.9% but the amount varies between 

different types of whey. The lactose content in whey cheese (40% w/v) provides a long-

lasting source of energy. Most of the lactose is lost in the whey as lactose or lactate during 

cheese manufacturing. However, low levels of lactose (e.g. 0.8–1%) remain in the curd at the 

end of manufacture (Huffman and Kristoffersen, 1984). 

Statistical analysis of data regarding lactose contents of Ricotta cheese (Table 4.10) showed 

that lactose contents difference between all Ricotta cheese was significant (p<0.01). Lactose 

contents decreased significantly (p<0.01) during storage. It is also obvious from the results 

that the interactions between Ricotta cheese samples and storage period had non- significant 

(p>0.05) impact on the lactose contents. 
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Table 4.9 Mean square for protein and NPN content of Ricotta cheese  

Source of variation Degree of freedom Protein NPN 

Ricotta 5 38.71** 4.044** 

Days 4 0.094 NS 0.509** 

Ricotta ×  Days 20 0.001 NS 0.001* 

Error 60 0.443 0.008 

Total 89   

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.9a Variations in protein content of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey  
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.9b Variations in NPN of Ricotta cheese during storage manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 
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The results exhibited that Ricotta cheese prepared from concentrated whey had high lactose 

contents as compared to Ricotta prepared from liquid whey. RCCW1 had high lactose 

contents (6.24%) followed by RCCW3 (6.12%) and RCLW3 had lowest lactose contents 

(4.84%) at 1st day of storage, which decreased significantly (p<0.01) to 5.46, 5.47 and 5.12% 

respectively during 60 days storage at 4oC. El-sheikh et al. (2010) observed 3.78% lactose in 

Ricotta cheese prepared from WPC using GDL (1.5%) coagulation and 3.85% by citric acid 

(0.014%) coagulation. Maximum lactose 5.90 was determined by the Ricotta cheese prepared 

from mixture of WPC and SMP (6%) using GDL coagulation and 5.78% from citric acid 

coagulation. Ricotta contains high lactose contents as compared to other cheeses as it is 

mostly prepared from milk whey. Pintado et al. (2000) reported that the lactose content of 

whey cheese in different countries varies from 1.5 to 3.5% due to different processing 

conditions. Primost (whey cheese) showed high lactose contents (36.6%) as compared to 

other whey cheeses (Kosikowski, 1982). Ultra structural studies of whey cheeses showed that 

they contain fine crystals of lactose, which are bounded together by homogeneous fat protein 

matrix. El-Alfy et al. (2010) examined white soft cheese and observed that lactose contents 

of fresh cheeses were 3.59, 5.41, 5.38, 5.19 and 5.05% from controlled and different starter 

culture, which decreased highly significantly after 6 weeks to 2.36, 3.79, 3.52, 3.29 and 

3.17% respectively. Growth and activity of starter culture microflora and acid development 

increased greatly during storage due to decrease in lactose contents. 

Sameen et al. (2013) observed lactose changes in whey drink and observed that lactose 

content decreased during storage. The initial lactose content was 5.40% lactose which 

decreased to 4.73% after 30 days of storage in sample stored at 4oC. A decreasing trend 

observed in lactose content during storage could be due to the production of higher lactic 

acid at refrigerated temperature (Goodnaught, 1976).  It has been studied that the activity of 

β-galactosidase increases in the presence of either β-lactoglobulin or BSA, while α-

lactalbumin had no effect on enzyme activity. Heating β-lactoglobulin further enhanced β-

galactosidase activity. It was found that heating of β-Lg in the presence of lactose inhibit the 

binding capacities of this protein with lactase, which ultimately effect the enzyme activity. It 

is concluded release of sulfhydryl groups of β-Lg by heat treatment and ability of the native 

protein to bind the enzyme raises the lactase (Guzman, 2006). 
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Table 4.10 Mean square for lactose content of Ricotta cheese  

Source of 

variation 

Degree of 

freedom 
Sum of squares Mean Squares F- value 

Ricotta 5 19.304 3.861 14.65** 

Days 4 5.141 1.285 4.88** 

Ricotta ×  Days 20 0.6659 0.033 0.13NS 

Error 60 15.812 0.264  

Total 89 40.923   

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM  

Figure 4.10 Variations in lactose of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey during 

storage 
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4.4.6 Ash content of Ricotta cheese  

The ash content of a product refers to the inorganic residue remaining after either ignition or 

complete combustion of the organic matter in a foodstuff. The elements in ash are converted 

from their original forms to oxides or carbonates on combustion. Ash is the portion of whey 

responsible for the ionic strength and rich in calcium, an important factor in gel formation. 

Although, it is minor constituent of whey but has foremost importance due to its role in 

technological properties (Fox, 2009).  

Statistical analysis of data regarding ash contents of Ricotta (Table 4.11) showed that the 

difference of ash contents between Ricotta cheese was significant (p<0.01), while during 60 

days storage no significant (P>0.05) difference was noticed. It is also obvious from the 

results that the interaction between Ricotta cheese and storage days has also a non- 

significant (P>0.05) effect on the ash contents. Ricotta cheese prepared from concentrated 

whey showed higher content of ash as compared to cheese prepared from liquid whey. 

RCCW2 exhibited high ash (3.93%) followed by RCCW3 (3.79%), and RCCW1 (3.39%). The 

ash content of Ricotta cheese samples (RCLW1, RCLW2, RCLW3) prepared form liquid whey 

falls in the range from 2.78 to 2.97%, which showed lower than from concentrated whey.  

El-sheikh et al. (2010) observed 2.46% ash quantity in Ricotta cheese prepared from WPC by 

GDL 1.5% by coagulation and 2.26% by citric acid coagulation. Maximum ash 3.31% was 

determined by the Ricotta cheese prepared from mixture of WPC and SMP (6%) by GDL 

and 3.10% by citric acid coagulations. Findings of this study are in accordance with the 

results of Sameen et al. (2013) who found that ash content remain unchanged during storage. 

De la Fuente et al. (1997) and Fransson and Lonnerdal (1983) reported a non- significant 

effect of storage on minerals and ash contents.  

4.4.7 Minerals of Ricotta cheese 

Minerals represent a very small portion (0.7-0.9%) of milk on a wet basis (Fox, 2009). The 

five most abundant minerals in milk are calcium, sodium, potassium, chloride and 

phosphorus. Each of these minerals plays an important role in cow milk or whey (Cashman, 

2006).  
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Table 4.11 Mean squares for ash contents of Ricotta cheese 
 

** = Highly significant (P<0.01), NS = Non-significant (P>0.05) 

  

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.11 Variations in ash contents of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey  
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Ricotta 5 3.58750** 

Days 4 0.00109NS 

Ricotta × Days 20 0.00014NS 

Error 60 0.00601 

Total 89  
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4.4.7.1 Calcium content of Ricotta cheese 

Milk and dairy products contain exceptional sources of dietary calcium and it contributes 

many essential functions for blood coagulation, cellular metabolism, and activation of the 

enzyme in the human body. Calcium absorbed in milk products and affects their functional 

properties (Vyas and Tong, 2004). The Calcium contents of whey depend on the rate of 

acidification in the manufacture of cheese (Fox and McSweeney, 2003).  

Statistical analysis presented in Table 4.12 revealed that Ricotta cheese had significant effect 

(p<0.01) while storage and the interaction of Ricotta and storage had non-significant effect 

(p>0.05) on the Calcium of Ricotta cheese. Ricotta prepared from concentrated whey had 

high amount of calcium as compared to prepared from liquid whey. Results of means of 

mean values of calcium content of Ricotta cheese are given in Figure 4.12a which revealed 

that calcium contents were in the range from 841 to 1139 mg Kg-1. Higher Ca content (1139 

mg Kg-1) was found in RCCW2, followed by RCCW3 (1058 mg Kg-1) and RCLW2 had 

lowest amount (841 mg Kg-1) of calcium. Sulieman et al. (2012) estimated that Ricotta 

cheese contains 225 mg/100g Calcium, 106 mg/100g sodium and 120 mg/100g potassium. 

4.4.7.2 Sodium content of Ricotta cheese 

Sodium plays an important role in cheese making by controlling moisture content, taste, 

texture, food safety and functionality. Most of cheeses require less salt than others, thus 

sodium cannot be reduced from cheese (Hentges, 2009). Sodium has a direct effect on blood 

pressure and blood volume. Muscles and nerves functioning to work properly are also 

dependent on sodium level.  

Statistical analysis presented in Table 4.12 revealed that Ricotta cheese had significant effect 

(p<0.01) while storage and the interaction of Ricotta and storage period had non-significant 

effect (p>0.05) on the sodium of Ricotta cheese.  

Results of means of mean values of sodium content of Ricotta cheese are given in Figure 

4.12b which revealed that sodium contents of Ricotta cheese varies in the range from 1320 to 

2021 mg Kg-1. Higher Na content (2021 mg Kg-1) was found in RCCW2, followed by 

RCCW3 (1924 mg Kg-1), while RCLW2 had lowest amount (1320 mg Kg-1) of sodium. It is 

obvious that Ricotta prepared from concentrated whey had high amount of sodium as 

compared to prepared from liquid whey. 
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4.4.7.3 Potassium content of Ricotta cheese 

Potassium is the most abundant mineral in milk and whey (also in the sweet whey). It can 

slow down and possibly prevent renal disease and lowers urinary calcium excretion. The 

intake of calcium is complimented with potassium intake to increase its retention in the body 

(He et al., 2008).  

Statistical analysis presented in Table 4.12 revealed that Ricotta cheese had significant effect 

(p<0.01) while storage and the interaction of Ricotta and storage period had non-significant 

effect (p>0.05) on the potassium of Ricotta cheese. Results of means values of potassium 

content of Ricotta cheese are given in Figure 4.12c which revealed that potassium contents of 

Ricotta cheese fall in the range from 2177 to 4722 mg Kg-1. Higher K content (4722 mg Kg-

1) was found in RCCW2, followed by RCCW3 (4507 mg Kg-1) and RCLW2 had low amount 

(2177 mg Kg-1) of potassium. It is visible from the Figure that Ricotta cheese prepared from 

concentrated whey had high amount of potassium as compared to prepared from liquid whey. 

Ricotta cheese contains 169-335 mg/100g calcium, 78 mg/100g sodium and 78 mg/100g 

potassium (USDA, 2010).  

4.4.8 Total solids of Ricotta cheese 

Total solids refer to the fat and solids not fat (SNF), which include protein, lactose and ash 

contents present. It is the indicative of all the solid contents present in the cheese. 

Determination of total solid content of Ricotta is an important in determining the end product 

quality. The amount of total solids is influenced by source of milk, processing conditions and 

type of the whey (acid or sweet). Statistical analysis of data regarding total solid contents of 

Ricotta (Table 4.13) showed that the influence of processing conditions and whey 

concentration on the total solid contents was significant (p<0.01), while storage duration did 

not effected them significantly (P>0.05). It is also obvious from the results that the 

interaction between Ricotta and storage days also had a non-significant (P>0.05) effect on 

total solids contents of Ricotta cheese.  

Ricotta cheese prepared from concentrated whey had relatively high total solids as compared 

to those prepared from liquid whey. RCCW2 had highest TS (34.22%) followed by RCCW3 

(32.64%), while RCLW2 had lowest total solids value (29.46%) as compared to other 

samples (Figure 4.13). Variation within total solids of Ricotta was due to difference in 

processing conditions and type of whey used for Ricotta cheese production. 
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Table 4.12 Mean square for calcium, sodium and potassium of Ricotta cheese 

Source of 

variation 

Degree of 

freedom 
Calcium  Sodium  Potassium  

Ricotta 5 165180**     1194267**     1.750E+07**      

Days 4 35NS 5.07724NS 15.1191 NS 

Ricotta ×  

Days 
20 1NS 0.33711 NS 0.27067 NS 

Error 60 1249 417.424 883.833 

Total 89    

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.12a Variations in calcium content of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.12b Variations in sodium content of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.12c Variations in potassium content of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated whey 
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El-sheikh et al. (2010) observed the 25.34% total solids in Ricotta cheese prepared from 

WPC by GDL (1.5%) coagulation and 24.05% by citric acid (0.014%) coagulation. 

Maximum total solids (31.08%) were determined by the Ricotta cheese prepared from 

mixture of WPC and SMP (6%) by GDL coagulation and lower (30.57%) from citric acid 

coagulation. Cheese prepared from a blend of 80% sweet whey and 20% whole milk, 

contained 33.5% total solids (Modler, 1988). El-Alfy et al. (2010) examined white soft 

cheese and observed that total solid contents of fresh cheeses was 36.06, 44.70, 44.98, 43.68 

and 43.75%  from controlled and cheese containing different starter culture (C1, C2, T1, T2 

and T3) which decreased slightly after 6 weeks to 34.06, 42.15, 41.29, 40.90 and 40.79% 

respectively. They reported that decrease in total solids content was mainly due to 

degradation of lactose, total protein and in fat content during storage period. Decreasing 

trend was in agreement with the results of Nour El Daim and El Zubeir (2007), who reported 

that total solids content decreased with the advancement of storage period. 

4.5 Color analysis of Ricotta cheese 

Color is an important constituent in cheese product, which provides an appetizing 

appearance. Color of cheese depends on the application and consumer preference. It varies 

from off white, pale yellow to deep red-orange. Naturally coloring pigments are also used for 

imparting color to some varieties of cheese. Cheese consumption is mostly dependent upon 

the consumer perception and color desirability (IDF, 2001). Significant changes in the 

ingredients and properties of cheese occurred during cheese ripening, which also contributes 

to its color development and physicochemical and organoleptic properties (Vasterdis, 1989). 

Colorimeter (Hunter color meter) used to detect the color as a point in three dimensional 

axes, the L*(white to black), a* (green to red) and B (blue to yellow) axes. Where, +L* 

denotes lightness and -L* darkness, + a* to redness, -a* to greenness, + b* to yellowness and 

- b* to blueness (Francis, 2000). 

Statistical analysis of data regarding color of Ricotta (Table 4.14) showed that changes in 

processing conditions (Ricotta cheese) and duration of storage (days) significantly (p<0.01)   

impacted the color (L*, a* and B*) of cheese. Interactions between Ricotta and storage days 

had only significant (p<0.05) effect on color L* but non- significant (P>0.05) effect on color 

a* and b* of Ricotta cheese. 
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Table 4.13 Mean square for total solids of Ricotta cheese  

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.13 Variations in total solids of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey  

 

 

29.87 29.46
31.99

30.86

34.22
32.64

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

RCLW1 RCLW2 RCLW3 RCCW1 RCCW2 RCCW3

Ricotta cheese 

T
o
ta

l 
S

o
li

d
s 

(%
)

Source of variation Degree of freedom Total solids 

Ricotta 5 48.4714** 

Days 4 0.5882NS 

Ricotta ×  Days 20 0.0026NS 

Error 60 1.5849 

Total 89  



 
 

96 

Ricotta cheese prepared from concentrated whey showed less lightness L* and a* value but 

more b* value as compared to cheese prepared from liquid whey. Ricotta cheese prepared 

from liquid whey processed at 90oC, pH 7 and 6 mM CaCl2 (RCLW3) perceived the highest 

L* value (80.73), followed by RCLW2 (79.47%), while RCCW3 had lowest L*(70.41) as 

compared to other samples at 1st day of preparation which gradually decreased to 67.40, 

65.46 and 58.15 respectively after 60 days of storage. Ricotta cheese prepared from liquid 

whey (RCLW2) indicated the highest color a*(-0.59), followed by RCLW3 (-0.68) value and 

Ricotta cheese prepared from concentrated whey at temperature 100oC, pH 5 and 4 mM 

CaCl2 (RCCW2) predicted the lowest a*(-1.18) value as compared to other samples at 1st day 

of preparation which gradually increased significantly (p<0.01) to -0.14, -0.21 and -0.54 

respectively after 60 days of storage. Regarding the b* value RCCW2 exhibited the highest 

b*(15.40) value, followed by RCCW3 (13.78), and RCCW2 had lowest b*(6.63) value as 

compared to other samples at 1st day of preparation which gradually increased significantly 

(p<0.01) to 20.78, 18.68 and 11.13 respectively after 60 days of storage. Variations within 

Ricotta color may be due to difference in processing conditions used for Ricotta cheese 

production. 

Martins et al. (2010) assessed the color L*, a* and b* of different samples of Ricotta by 

using edible coating of nisin during 28 days storage at 4oC. They observed L* (93.36±3.07), 

a* (2.40 ±0.14) and b*(7.29±0.65) at 1st day of storage of control sample (without nisin 

coating).  L* gradually decreased to (52.79±0.36), while a* and b* increased to 5.27±0.71 

and 16.08±2.19 after 28 days of storage.  

El-Nimr et al. (2010) monitored the color characteristics of Egyptian Gouda cheese during 60 

days of storage and examined L* (84.51), a* (8.46) and b*(31.10) of fresh cheese. L* 

gradually decreased to (76.57), while a* and b* increased to 9.99 and 35.05 after 28 days of 

storage. Variations in the color of different cheeses are due to the enzymatic and non-

enzymatic reactions, methods to determining the color (Francis, 2000). 

Results are also accordance with Caleja et al. (2015), they studied the color (L*, a*, b*) 

changes in cottage cheese during 14 days storage and observed that L* value decreased from 

92.94 at 0 day to 80.62 after 14 days storage, while a* (-2.44) and b*(10.40) at 0 day 

increased to -1.45 and 15.46 respectively after same days of storage.  
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Table 4.14 Mean square for color of Ricotta cheese during storage 

Source of 

variation 

Degree of 

freedom 

L* (white to 

black) 

a* (red to 

green) 

b* (white to 

black) 

Ricotta 5 219.465** 0.548** 222.306** 

Days 4 497.041** 0.857** 70.367** 

Ricotta ×  Days 20 0.487* 0.004NS 0.170NS 

Error 60 0.273 0.003 0.367 

Total 89 219.465 0.548 222.31 

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.14a Variations in Color L* (white to black) of Ricotta cheese manufactured 

under different processing conditions from liquid and concentrated 

whey during storage 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.14b Variations in Color a* (red to green) of Ricotta cheese manufactured 

under different processing conditions from liquid and concentrated 

whey during storage 

 
RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.14c Variations in Color b* (white to black) of Ricotta cheese manufactured 

under different processing conditions from liquid and concentrated whey 

during storage 
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Borba et al. (2014) examined color of creamy Ricotta cheese prepared from goat milk and 

observed that Ricotta differed significantly (p < 0.05) with respect to color L* (brightness) 

value during 7 days of storage; but, there were no significant differences during the 

remaining storage period observed. Reduction in a* value (decrease in green color) was 

observed after 14 days of storage, which could due to the goat milk. Likewise, there was 

increase in the b* value (yellowing) of the creamy Ricotta. Similar results were described by 

Sheehan et al. (2009) for a semi hard cheese prepared from goat and cow milk. They stated 

that the yellowness (increase in b* value) of cheese may be due to the transfer of carotenoids 

from the cow milk to the cheese. Moreover, the high brightness (increase in L* value) of the 

creamy ricotta is due to goat milk, containing smaller fat globules, which exhibits intense 

white color due to the conversion of β-carotene to vitamin A (Park et al.,2007). 

4.6 Texture of Ricotta cheese 

Texture of cheese is an important characteristic which is defined according to its 

composition, physicochemical conditions of the ingredients, microstructure and 

macrostructure, which represents the variation in cheese texture such as creaminess, spread 

ability and consistency. Texture plays a significant role in processing activities and in 

consumer’s perception (O’Callaghan and Guinee, 2004). The cheese texture is formed by 

complex interactions of different features like cheese manufacturing, composition and 

ripening conditions (Lucey et al., 2003). 

4.6a Hardness and stickiness of Ricotta cheese 

Hardness of cheese is force required to attain a given deformation. The hardness of cheese 

represents its chemical composition and the physicochemical state of constituents i.e. solid to 

fat ratio etc. Hardness also expresses the cheese macrostructure, indicating the existence of 

heterogeneities like granules connections in curd, fissures and cracks (Gunasekaran and Ak, 

2003). Hardness is also substituted by the term firmness which can be defined as the 

maximum peak force during the first compression cycle (first bite) is directly correlated with 

each other: harder matrices are also less soft.  

Statistical analysis of data regarding texture of Ricotta (Table 4.15) showed that the impact 

of variations in processing conditions (Ricotta cheese) and storage duration was significant 
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(p<0.01) on the hardness and stickiness of cheese, while their interactions had non- 

significant (p>0.05) effect on cheese. 

Mean value for hardness of Ricotta cheese fall in the range from 2985 to 4265 g (Figure 4.15 

a) and mean value of stickiness of Ricotta cheese was in the range from -1639 to -860 g force 

(Figure 4.15b). Among the various Ricotta cheese RCLW3 indicated highst hardness (4265g) 

and lowest stickiness (-1639g), while RCCW1 had lowest hardness (2985g) and high 

stickiness (-860g) as compared to other samples of Ricotta cheese. Mean values of hardness 

of six Ricotta cheeses decreased from 3982g at first day to 3414g after 60 days storage, while 

stickiness also decreases significantly from -990g to -1524g.  

Sołowiej (2007) examined that hardness of processed cheese like products and reported that 

increased by adding of demineralized whey powder (DWP 50) and WPC 35 to processed 

cheese in range of pH values from 5.0 to 7.0 and maximum hardness 1600g was observed at 

pH 5. Lucey (2008) found that significant decrease (p<0.01) in hardness of cheese occurred 

after 21 days of ripening, this reduction was also in whey cheeses, which showed no 

enzymatic activity.  

 Madureira et al. (2007) observed texture profile analysis (TPA) of sweet whey cheese 

matrices and observed hardness increased while softness decreased during 21 storage days. 

Dukalska et al. (2011) examined the hardness of soft cheese Kleo (Italian unripened) stored 

in various packaging materials in modified atmosphere packing (MAP) and vacuum 

packaging during storage and observed that hardness of all Kleo cheese samples were 

significantly (p<0.05) decreased from 20±2 N before packing (fresh) to 15±2 N at 32 

storage days with vacuum packing.  

The cheese texture is affected by ingredients used for its preparation, its physicochemical 

composition (pH, water, fat content, protein and sodium, calcium and phosphate contents 

etc.). It is also influenced by different factors like types of coagulants (acidification rate of 

milk), heat treatment process, lactic acid bacteria used, addition of gums, curd cutting, 

stretching washing steps and the conditions of ageing (time and temperature, residual enzyme 

activity, relative humidity, etc.) (Bowland and Foegeding, 2001; Lucey et al., 2003; Bunka et 

al., 2007).  Hardness and acidification decreases the pH, which ultimately increases the 

discharge of calcium ions and change its concentration levels eventually account for fragile 

and fragmented matrices (Yasici and Dervisoglu, 2003). Firmness of the gel at cut is an 

important step in the standard operating Procedures (SOP) for cheese formulation that affect 

the cheese pH, moisture, quality and yield. 
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4.6b Viscosity of Ricotta cheese  

Viscosity is a measure of the ability of homogeneous and Newtonian fluids to resist free flow 

movement at a constant rate. However, most food liquids are non-Newtonian fluids and do 

not experience constant viscosity, but apparent viscosity, which is related to shear rate. 

Diluted dairies solutions like milk, cheese whey, skim milk and whey permeate are similar to 

the Newtonian fluids. The viscosity of milk and dairy products depend on temperature, 

concentration and fat globules. The apparent viscosity decides the possible application of 

whey protein concentrate with high nutritional and exceptional functional values in fluid food 

products as textural ingredients (Patocka et al., 2006). 

Ricotta cheese can be melted into cream sauces to provide viscosity. Statistical analysis of 

data regarding viscosity contents of whey concentrate (Table 4.15) depicted that the samples 

of Ricotta cheese had a significant (p<0.01) effect on viscosity. However, storage period and 

the interactions between Ricotta samples and storage days had non-momentous (p>0.05) 

effect on viscosity of Ricotta cheese. The mean value for viscosity of Ricotta are presented in 

Figure 4.15c, which showed that the viscosity of Ricotta fall in the range from 6405 to 9142 

cps.  RCCW2 showed more viscosity (9142 cps), followed by RCCW3 (8402 cps) and the 

lowest viscosity was attained by the RCLW2 (6405 cps) of all Ricotta cheese samples. It is 

abvious from figure that Ricotta cheese prepared from liquid whey had low viscosity whereas 

Ricotta prepared from concentrated whey had high viscosity. Ricotta cheese viscosity non-

significantly decreased (p>0.05) during storage. 

Kresic et al. (2008) documented that high thickening of concentrate is due to denaturation of 

whey protein. At any one temperature less than 50oC, the viscosity of concentrate on holding 

has been found to decrease to a minimum and then increase. Denatured whey proteins, which 

contain randomly coiled molecules exhibited higher viscosity than the compact folded 

globular molecules having same molecular weight (Zhu et al., 2008). Apparent viscosity is 

significantly affected by the level of concentration of milk used for manufacturing of 

processed cheese (Acharya and Mistry, 2005). Soliman et al. (2010) studied the viscosity of 

whey proteins solutions of different protein concentrations and reported that viscosity of 

whey concentrate increased as compared to fresh solutions. The apparent viscosity of whey 

protein concentrate solutions increased with increased in the whey protein content and degree 

of denaturation of protein (Kresic et al., 2008; Meza, et al., 2010).  
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Table 4.15 Mean Square for Hardness, stickiness and viscosity of Ricotta cheese 

Source of 

variation 

Degree of 

freedom 

Hardness (g 

force) 

Stickiness (g 

force)  
Viscosity (cps) 

Ricotta 5 3492234**    1288835** 1.635E+07**  **     

Days 4 889416** 838182** 184420 NS ** 

Ricotta ×  

Days 
20 3123NS 2374NS 3385.15NS

 NS  
    

Error 60 5637 2827 87191.8 

Total 89    

** = Highly significant (P<0.01); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.15a Variations in hardness and stickiness of Ricotta cheese manufactured 

under different processing conditions from liquid and concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey. 

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.15b Variations in hardness and stickiness of Ricotta cheese manufactured 

from liquid and vacuum concentrated whey during storage 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.15c Variations in viscosity (cps) of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated whey 
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The results are accordance with the Gigante et al. (2006) observations. They detected that the 

viscosity of cream cheese expressible serum decreased during 28 days of storage and 

significantly affected by pH, storage temperature and time. Viscosity of cheese having high 

pH reduced promptly at high storage temperature (20°C) than at low temperature (4°C). 

Gigante et al. (2006) stated that the decrease in viscosity also associated with the microbial 

growth. It decreased with the increase in microbial growth, but when the microbial growth 

prevented by the addition of salts like potassium sorbate in cream cheese then viscosity did 

not decrease.  

Results are also in close relationship with Rattray and Jelen (1995) who determined the effect 

of time and pH on the apparent viscosity of whey protein concentrate. They found that the 

alterations in apparent viscosity were related to acid stimulated protein denaturation. The α-

La is denature at pH 3.5 or lower, due to calcium separation from the protein, however it is 

not undergo extensive denaturation at ambient temperature and acidic pH. Heat treatments 

make whey proteins more prone to further denaturation by acid. During denaturation 

unfolding of globular proteins result in swelling, an increase in the hydrodynamic radii of 

protein molecules and greater molecular interactions, all of these increased apparent 

viscosity. 

4.7 Total viable, yeast and molds counts of Ricotta cheese 

Shelf life of cheese is affected by its initial microflora and composition of cheese (Erkan et 

al., 2007). There are variations in the compositions of whey cheeses depending on the 

composition of whey (Psoni et al., 2007). The Lactobacillus genus is being present in all 

cheeses as natural microflora, which is widely involved in dairy fermentation process. 

The statistical analysis regarding the total viable counts (TVC), yeast and molds of Ricotta 

cheese during storage are presented in Table 4.16, which predicted that the processing 

conditions used for Ricotta cheese preparation had significant (p<0.01) effect on TVC, yeast 

and molds of Ricotta cheese. Storage days and interaction of Ricotta into storage days 

showed significant (p<0.01) effect on Ricotta cheese microbial quality. Figure 4.16a 

presented that the TVC (cfu g-1) of Ricotta cheese during 60 days storage rise in the range 

from 4.2×104 to 7.2×104 cfu g-1. RCCW2 had the lowest TVC 4.2×104, followed by RCCW3 

4.7×104, while the RCCW1 contain the highest TVC 7.2×104 cfu g-1 as compared to other 

Ricotta cheese samples at 1st day of storage, which increased significantly (p<0.01) to 
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9.5×105, 8.52×105 and 1.03×106 cfu g-1 respectively after 60 days of storage. Figure 4.16b 

exhibited the yeast and molds (cfu g-1) of Ricotta cheese during 60 days storage and showed 

that mean value of yeast and molds of fresh Ricotta cheese prepared fall in the range from 

1.2×102 to 3.5×102 cfu g-1. RCCW2 contains the lowest yeast and molds 1.2×102, followed by 

RCCW3 (1.6×102 cfu g-1), while the RCCW1 having the highest yeast and molds 3.5×102 cfu 

g-1 while the RCCW1 having the highest yeast and molds (3.5×102 cfu g-1) as compared to 

other Ricotta cheese samples at 1st day of storage which increased significantly (p<0.01) to 

8.1×102, 7.6×102 and 1.1×103 cfu g-1 respectively after 60 days storage.  

Ricotta cheese prepared under high temperature and low pH processing conditions had low 

TVC, yeast and molds while Ricotta prepared under low temperature and high pH had high 

microbial load. Ricotta cheese (RCCW1) and (RCLW1) which processed at lower 

temperature 75oC and contain high pH (>6) and high moisture content (~70%) during storage 

have high microbial load as compared to others Ricotta cheese samples, While RCCW2 

processed at high temperature (100oC) and contains low pH (4.06)  and low moisture 

(65.78%)  content during storage exhibited low microbial counts. Processing conditions such 

as high temperature and low pH of Ricotta cheese greatly affected the microbial loads. 

Microbes decreased significantly at high temperature during processing in acidic condition, 

because high temperature (100oC) kills the vegetative forms of microbes and under acidic 

condition they cannot survive for longer time. Ricotta cheese prepared from vacuum 

concentrated whey also had low TVC, yeast and molds as compared to liquid whey because 

the whey was concentrated at 60oC for longer time which kills the microbes. Moreover, 

moisture of the cheese greatly affects the microbial organisms during storage, cheeses 

containg high moisture content exhibited high concentration of TVC, yeast and molds. 

Asensio et al. (2014) observed that the total viable mesophilic count in Ricotta cheese 

increased from 1.8×103 to 1.4×105 cfu g-1 after 30 days of storage at 23°C. Ricotta flavored 

with plant essential oils (Cordobes and Criollo) had the lowest total count 5.6×103 and 

7.8×103 cfu g-1 respectively. The Argentine Food Code provides for dairy products a limit of 

1×105 cfu g-1 as provisionally acceptable quality (ANMAT, 2013). Generally, the Ricotta 

cheese analyzed indicated that microbial counts less than 107 during the entire observed 

period. Mancuso et al. (2014) examined microbiological parameters of the Ricotta cheese 

under modified atmosphere packaging (MAP) for 24 days of storage at 4±1°C and observed 



 
 

107 

that total bacterial counts increased significantly (p<0.01) from 6.7× 103 at 1st day to 3.6×107 

cfu g-1 after 24 storage days. Baruzzi et al. (2000) evaluated the microbiological analysis of 

Ricotta cheese during fermentation for one year and observed that total viable bacterial count 

at 1st day of fermentation was 3.9×104 cfu g-1 with pH 4.8, as pH decreased to 3.8 after 60 

days ripening viable counts increased to 3.0×108 cfu g-1.  

The microbiology standard of whey cheeses varies in different countries depending on the 

manufacturing Procedures. Research work conducted by different researchers presented that 

LAB, total mesophilic aerobic counts (TMAB), Coliforms (CF), yeast and molds (Y-M) 

counts are in the range of  3.0–7.0, 3.0–9.0, 1.0–6.0 and 1.0–6.0 log cfu g-1, respectively 

(Pintado et al., 2001). Ozdemir et al. (2000) have assessed the microbiological properties of 

Turkish Lor cheese and reported that average TMAB (6.61 log cfu g-1), Coliforms (1.85 log 

cfu g-1) and Y-M (6.0 log cfu g-1) counts. Kamber (2005) has reported TMAB and CF are in 

the range of 6–7 log cfu g-1 and 4 log cfu g-1 respectively. Ciftcioglu et al. (2008) observed 

TMAB 6.95 cfu g-1 and Y-M 4.11 cfu g-1 in Lor whey cheese. 

Cheeses regulatory standards showed that whey cheeses do not complete the required limits 

of microbiological counts like other cheese standards. Mostly research reports conducted on 

whey cheeses revealed that of normal total aerobic plate counts in whey cheeses are 7 log cfu 

g-1, while regulations reported maximum total viable counts 6 log cfu g-1, which is a critical 

limit for cheeses. There is limited information on whey cheese standards about both chemical 

and microbiological quality. Standardization of whey cheese is necessary with related to 

regulatory acts considering their high initial microflora and various chemical structures 

(Ciftcioglu et al., 2008). Idris and Alhassan (2010) analyzed Sudanese white soft cheese 

prepared from cow and observed that total viable bacterial and yeast and molds increased 

significantly during storage. They also reported that microbial load was high in cheese stored 

at room temperature as compared to refrigerated temperature (4oC). Growth of microbes 

decreased after 42 days storage due to increase in the concentration of acidity, which 

decreases the growth of microorganisms. Del Nobile et al. (2009) used MAP packaging to 

increase the shelf life of Ricotta with carbon dioxide (CO2) and observed that the stability of 

Ricotta increased with MAP using 95% CO2
.  They noticed the growth of many molds even 

at 1–5°C in 1% oxygen. The CO2 can prevent their growth (Sorhaug, 2011). Shelf life of 

food products is limited to 10–15 days due to presence of yeasts at 6-10°C (Buchl and Seiler, 
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2011). The yeast counts growth increases rapidly on the cheese surface at the start of 

maturation and it grows maximum of 106–109 cfu g-1 after 8–10 days.  Further, it reduces 

slightly during ripening. The predominant species are Trichosporon beigelii, Debaryomyces 

hansenii, Yarrowia lipolytica, Candida zeylanoides, Kluyveromyces marxianus, Torulapsora 

delbrueckii, Galactomyces geotrichum and C. catenulata. They noticed that growth of yeasts 

and molds on cheese depend on the water, milk quality, and hygienenic coditions during 

production, salt contents, yeast culture addition, stage of ripening, and storage temperature. 

4.8 Organic acids in Ricotta cheese 

The most important flavoring compounds in cheeses are the organic acids which are 

produced during ripening (Akalin et al., 2002; Izco et al., 2002). It is also an indicator of 

enzymatic activity used to classify varieties of cheese based on aroma correlated with organic 

acid levels in cheese (Califano and Bevilacqua, 1999; Akalin et al., 2002). 

The statistical analysis regarding the organic acids (lactic acid, formic acid, succinic acid, 

citric acid) in whey, concentrated whey and  Ricotta cheese during storage are presented in 

Table 4.17 which predicted that the liquid whey, concentrated why and processing conditions 

used for Ricotta cheese preparation had significant (p<0.01) effect on organic acids of 

Ricotta cheese. The influence of storage days was found significant (p<0.01) on organic 

acids, while interaction of Ricotta into storage days had non-significant effect (p>0.05) on 

lactic acids and succinic acids, and significant (p<0.01) effect on formic acids and citric acid. 

Figure 4.17a represents the trend of lactic acids in liquid whey, concentrated whey and 

Ricotta cheese during 60 days storage. The mean value of lactic acids in liquid whey was 

lower 215.60 µg ml-1 than the concentrated whey (1414.87 µg ml-1). Similarly the lower 

values of lactic acid contents were found in Ricotta cheese prepared from liquid whey 

(244.39 to 370.19 µg ml-1) than form concentrated whey (1304.15 to 1425.07 µg ml-1). The 

highest content of lactic acid was noticed in RCCW3 (1425.07 µg ml-1) and RCCW2 

(1386.95 µg ml-1). The difference between RCLW1 and RCLW2 was non-significant (244.39 

and 288.10 µg ml-1). Figure shows the increasing trend for lactic acid content in all the 

cheese; however the net increase varied in different samples. The highest increase was 

noticed in RCCW1 (213.68 µg ml-1), followed by RCLW3 (204.68 µg ml-1), RCCW2 (204.05 

µg ml-1), RCLW2 (178.51 µg ml-1) and RCCW3 (169.37 µg ml-1), while the lowest increase 

was estimated in RCLW1 (78.1 µg ml-1).  



 
 

109 

Table 4.16 Mean Squares for total viable, yeasts and molds counts of Ricotta cheese 

Source of 

variation 

Degree of 

freedom 
Total viable counts  Yeast and molds  

Ricotta 5 701.5**     17.79**     

Days 4 26750.4**   153.37**   

Ricotta ×  Days 20 78**   0.363**   

Error 60 5.6 0.19 

Total 89   

** = Highly significant (P<0.01) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.16a Variations in TVC of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.16b Variations in yeast and molds of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 
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The succinic acid contents of liquid and concentrated whey were 38.99 ± 3.54 and 252.43 ± 

5.70 µg ml-1 respectively. Figure 4.17b shows the minor but significant difference in succinic 

acids content, which varies from 227.78 ± 7.23 µg ml-1 (RCLW1) to 311.60 ± 7.47 µg ml-1 

(RCCW2) among the Ricotta cheese. It is also obvious from the Figure that the succinic acid 

increased during storage (221.45 ± 46.79 to 241.52 ± 48.47 µg ml-1). There was no 

significant increase up to 30 days to storage, afterwards a small increase was observed in all 

the samples. The overall increase of 25.04, 22.8, 21.86, 22.11, 25.68 and 11.73 µg ml-1 was 

measured in RCLW1 to RCCW3 respectively.  

The formic acid content of liquid and concentrated was estimated as 305.12 and 591.61 µg 

ml-1 respectively. The results of formic acid in Ricotta cheese are presented in Figure 4.17c. 

The graph shows the great differences between Ricotta cheeses prepared from concentrated 

(632.04 to 663.05 µg ml-1) and liquid whey (306.15 to 335.85 µg ml-1). The Figure declares 

the higher increase in formic acid of Ricotta cheese prepared from concentrated why 499.85 

to 774.81 µg ml-1 in RCCW1, 518.40 to 819.80 µg ml-1  in RCCW2 and 510.39 to 779.26 µg 

ml-1 in RCCW3. The increase in formic acid value of cheese manufacture form liquid whey 

RCLW1 was 280.50 to 398.49 µg ml-1, RCLW2 was 254.69 to 363.93 µg ml-1 and RCLW3 

was 269.12 to 381.26 µg ml-1.  

 The citric content found in liquid and concentrated whey was 142.09 and 241.49 µg ml-1 

respectively. Figure 4.17d presents the change in citric acids concentration of Ricotta cheese 

during 60 days storage. The concentration of citric acids was in range from 53.19 to 80.50 µg 

ml-1 in Ricotta cheese samples prepared from liquid whey at first day storage. RCLW2 had 

low citric acid 53.19 followed by RCLW3 69.12 and RCLW1 had high citric acids 80.50 µg 

ml-1 in Ricotta cheese prepared from liquid whey at 1st day of storage which increased to  

256.71, 270.25 and 261.62 µg ml-1 respectively.   

Mean value of citric acids were in range from 184.13 to 199.02 µg ml-1 in Ricotta cheese 

samples prepared from concentrated whey. RCCW2 had low citric acids 184.13, followed by 

RCCW1 191.16 and RCCW3 had high citric acids 199.02 µg ml-1 in Ricotta cheese prepared 

from concentrated whey at 1st day of storage, which increased to 332.30, 335.59 and 337.53 

µg ml-1 respectively after 60 days of storage.  
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All the organic acids in Ricotta cheese prepared from concentrated whey were high as 

compared to Ricotta cheese prepared liquid whey, which indicated that concentration factor 

increased lactic acids contents. The residual content of lactose in cheese varies from 0.8–

1.0%, while the rest is lost in the whey as lactose or lactate during cheese manufacturing 

(Huffman and Kristoffersen, 1984; McSweeney and Fox, 2004).  This lactose is metabolized 

by the starter and nonstarter lactic acid bacteria (NSLAB) into L-lactate and D-lactate 

(Turner and Thomas, 1980).  Streptococcus thermophilus metabolized the glucose to L-

lactate, which is later on converted into D-lactate through recimization by the NSLAB 

(McSweeney and Fox, 2004).  

The lactate is also an important substrate for production of organic acids in cheese during 

ripening (Dybing et al., 1988; Fox and McSweeny, 2004).  NSLAB can oxidize the lactate in 

cheese to acetate, ethanol, formate and CO2 (Fox et al., 2000). However, the extent of 

oxidation depends on the population of NSLAB and O2 availability, which in turn is affected 

by the size of the cheese and permeability of the oxygen in the pack. NSLAB can also 

convert the lactic acid into acetate and CO2 (Thomas, 1987; McSweeney and Fox, 2004). 

Most of natural citrate content of milk (1750 mg/L) is lost in the whey due of its solubility in 

water (Fryer et al., 1970; Fox et al., 1993). Both citrate and lactate metabolism and 

catabolism of amino acids in cheese can produce the acetate, which is the important flavoring 

compound in various cheeses (Califano and Bevilacqua, 2000). 

During cheese ripening, catabolism of free amino acids produce many flavoring compounds 

along with carboxylic acid through although deamination or decarboxylation (Yvon and 

Rijnen, 2001). The increase in organic acid during storage is correlated with results of Akalin 

et al. (2002) and Ong et al. (2007).  

The lactate and citrate are the important substrate for the production of lactic, acetic, citric 

and formic (Forde and Fitz-Gerald, 2000). In the present study, succinic acid was also found, 

which is not reported by the other worker, its production could be the results of glucose 

metabolism.   
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Table 4.17 Mean square for organic acids of Ricotta cheese during storage 

Source of 

variation 

Degree of 

freedom 
Lactic acid Succinic acid Formic acid Citric acid 

Ricotta 7 3264360** 61097.1** 257607** 25259** 

Days 2 203032** 2455** 223750** 183490** 

Ricotta × Days 14 2560NS 23.6NS 5233** 621* 

Error 48 1735 351.1 265 270 

Total 71 3264360 61097.1 257607 
 

** = Highly significant (P<0.01); * = Significant (P<0.05); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.17a Variations in lactic acids of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.17b Variations in succinic acids of Ricotta cheese manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.17c Variations in formic acids of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.17d Variations in citric acids (ug/ml) of whey, concentrated whey and Ricotta 

cheese manufactured under different processing conditions from liquid 

and vacuum concentrated whey 
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4.9 SDS-PAGE of liquid whey, concentrated whey and Ricotta cheese 

Effect of different processing conditions on the proteins of Ricotta cheese was studied 

through SDS-PAGE. The SDS-PAGE pattern obtained for liquid whey, concentrated whey 

and Ricotta cheese prepared from liquid and concentrated whey using different processing 

conditions are presented in Figures 4.18a and 4.18b at 1st and 60th day of storage. In both 

Figures, the protein patterns of liquid and concentrated whey are given just for comparison. 

The extreme left lane in Figures indicates the protein marker. Chromatograms show two 

major bands near 10 and 15 kDa which are attributable to the main whey proteins α-La and 

β-Lg in all the samples. A relatively dim band which appeared at 100 kDa locations in whey 

and concentrate indicates the LF, while the SDS-PAGE of Ricotta cheeses showed three 

minor bands near 70, 100 and 130 kDa which represent the protein BSA, LF and Ig 

respectively. The protein band which appeared near 35-40 kDa, might be the caseins, because 

for the preparation of Ricotta cheese, blend of liquid whey/concentrated whey and buffalo 

skim milk (9:1) was used. It is also obvious that this band did not appear in liquid and 

concentrated whey and its intensity was very low in RCLW1, RCCW1 and RCCW3 Ricotta 

cheese samples which also contained the same ratio of buffalo milk. These differences 

among the cheese could be the difference in processing conditions and whey concentration. 

Oldfield et al. (1998) suggested the three possible association of denatured β-Lg with the 

micelles like (1) unfolded monomeric β-Lg, (2) self-aggregated β-Lg and (3) β-Lg/α-La. 

Their results support the present study that these types of aggregations may be formed in the 

RCLW2 and RCCW2, which were processed at 90°C, pH 7 and 6 mM concentration of 

CaCl2. The same was the case in RCLW3, which was processed at 100 °C, pH 5 and 4 mM 

CaCl2.  

The involvement β-Lg in these interactions basically is due to its high concentration and self-

association to form dimmers at higher temperature (Nielsen et al., 1996; Jovanovic et al., 

2007).  Figure 4.18a and b showed that Ricotta cheese RCLW2, RCLW3 and RCCW2 

displayed higher concentration of β-Lg and α-La protein bands as compared to others Ricotta 

cheeses. RCCW1 showed lower concentration of all protein bands in dispersed form. 

Generally, Ricotta cheese prepared from liquid whey showed better appearance of proteins 

bands than bands than from concentrated whey, which is reflected by their protein content 

given in Figure 4.9a. 
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a)                 b) 

Figure 4.18 a: SDS chromatogram of Ricotta cheese at 1st day of storage and b: after 60 

days of storage. The extreme left lane contain the marker. W: Liquid whey, CW: 

Concentrated whey, RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from 

concentrated whey. 

1: Ricotta prepared at Temp 75 °C, pH 8.4, CaCl2 4 mM, 2: Temp 100 °C, pH 5.0, CaCl2 4 

mM, 3: Temp 90 °C, pH 7, CaCl2 6 mM 
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Heat denaturation level of whey proteins differ widely depending on their nature. Different 

orders of whey protein denaturation have been proposed by the scientists. Dannenberg and 

Kessler (1988a) and Oldfield et al. (1998) proposed that Ig > BSA > β-Lg A > β-Lg B > α-La 

in their order of denatuation. The extent of denaturation of the whey proteins is also 

dependent on temperature and time. Noticeable changes are found at temperature above 80°C 

in the major whey proteins. The whey proteins are first unfold then aggregated due to 

covalent bonding between the active sulfhydryl (–SH) groups on the protein surface 

(Simmons et al., 2007). Monahan et al. (1993) study the effect of heating, pH and protein 

concentration on whey protein denaturation and disulfide-mediated polymerization.  They 

found more denaturation at pH 3, 5 and 7, polymerization was done and it was apparent after 

heating at 85, 75 and 70°C respectively.  

The appearance of proteins band at 35 to 40 kDa position could also be due the aggregation 

of β-Lg with casein at 7 pH and 90°C in case of RCLW2 and RCCW2 as suggested by Ryan 

et al. (2012) as they founded the soluble aggregates of β-Lg at pH 6.8 heated for 10 min at 

90°C.  

Brncic et al. (2011) also observed that whey harder protein gels formed at pH 3 showed at 

pH 7. It is conclude from the SDS-PAGE of present study that not the temperature and pH 

alone affect the protein of Ricotta cheese, but the combination of temperature, pH and CaCL2 

have the combined influence on the protein denaturation and structure of cheese.  

4.10 Sensory evaluation of Ricotta cheese 

Maintenance of freshness of soft and unripened cheeses is an important commercial goal, 

which is related to some particular sensory characteristics such as milky aroma and flavor, 

white and brilliant color, creamy visual texture and spreadability. These sensory 

characteristics are somewhat changed due to metabolic activities (proteolytic, glycolytic and 

lipolytic) of natural micro flora of cheese. The scores used for appearance, flavor, texture and 

body, hardness, mouth feel color and overall acceptability were 5, 10, 15, 10, 15, 20 and 25 

respectively. The statistical analyses regarding the sensory evaluation of Ricotta cheese 

during storage are presented in Table 4.18. The results revealed that processing conditions 

used for Ricotta cheese preparation, storage period and interaction of Ricotta with storage 
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days had significant (p<0.01) effect on all sensory parameters of Ricotta cheese, while the 

hardness, flavor and appearance were not influenced by the interaction. 

Figure 4.18a represents the appearance of Ricotta cheese during 60 days of storage. The 

highest mean value (scores) for appearance of Ricotta cheese assessed by panelist were 

fawarded to RCCW3 (4.3). The difference between RCCW2 (4.0) and RCLW1 (4.0) was non-

significant. The lowest score was assigned to RCCW1 (2.5) followed by RCCW3 (3.4) and 

RCLW2 (3.6). There was no statistical difference between RCLW2 and RCCW3. The 

appearance of all the cheese samples deteriorated throughout during storage as visible by the 

graphs presented in the Figure following the same trend as was on the day zero. However, the 

mean score for appearance of Ricotta cheese decreased from 4.53 to 2.72. 

The results of sensory evaluation regarding the changes in flavor of Ricotta cheese during 60 

days storage are shown in Figure 4.18b. It is obvious from the Figure that Ricotta cheese 

prepared from the liquid whey heated at 90 °C, pH 7 and CaCl2 4 mM (RCLW2) perceived 

the highest score throughout the storage followed by the RCLW3. There was no statistical 

variation among RCLW1, RCCW2 and RCCW3 Ricotta cheeses. During storage, degradation 

in flavor noticed was from 8.2 to 6.0, 9.0 to 6.5, 8.5 to 6.4, 7.5 to 4.5, 8.0 to 6.0 and 8.1to 5.5 

in RCLW1, RCLW2, RCLW3, RCCW1, RCCW2 and RCCW3 respectively. 

Texture and body scores for Ricotta cheese (Figure 4.18c) indicated the highest position of 

RCLW3 followed by the RCLW2, RCLW1, RCCW2 and RCCW3, while the RCCW1 obtained 

the lowest score. The same trend is visible in Figure for the whole period of storage, however 

the mean scores for texture and body decreased from 12.0 (at zero day) to 88.92 (after 60 

days of storage period).  

Figure 4.18d represent the hardness scores of Ricotta cheese. The mean highest hardness 

scores were given to RCLW3 (7.8) followed by the RCCW2 (6.9), RCLW1 (6.8), RCCW3 

(6.6) and RCLW2 (5.7), while the RCCW1 acquired the lowest score (4.5).  At each storage 

interval, the trend of scoring was same. The reduction in scores during 60 days of storage 

was different for each sample. There was total reduction of 3.1 scores for RCLW1 and 

RCLW2, however decrease of 2.6, 3.5, 3.0, 2.5 scores was recorded for RCLW3, RCCW1, 

RCCW2 and RCCW3 respectively.  
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Table 4.18 Mean square for sensory evaluation of ricotta cheese during storage 

S.O.V d.f 
Appearanc

e 
Flavor 

Texture 

& body 

Hardnes

s 
Mouth 

feel 
Color 

Overall 

acceptability 

Ricott

a 
5 10.54** 

8.43*

* 

71.775*

* 
29.42** 22.59** 18.11** 162.155** 

Days 4 15.54** 25.89** 
44.313*

* 
43.24** 66.59** 84.16** 204.448** 

Ricott

a ×  

Days 

20 0.046 NS 
0.14 

NS 
0.338** 0.157NS 0.233* 0.312** 0.761** 

Error 120 0.105 0.096 0.094 0.145 0.128 0.126 0.179 

Total 149        

** = Highly significant (P<0.01); * = Significant (P<0.05); NS= Non-significant (P>0.05) 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.18a Variations in appearance of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 
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Figure 4.18e represents the mouth feel of Ricotta cheese during 60 days storage. It showed 

that scores for mouth feel of fresh Ricotta cheese assessed by different panelist fall in the 

range from 10.0 to 12.5 out of 15.0. RCCW1 obtained the lowest scores 10, followed by 

RCCW3 (11), while RCLW3 acquired the highest score (12.5) of all the Ricotta cheese 

samples at zero day of The mean scores assigned to RCLW1, RCLW2, RCLW3, RCCW1, 

RCCW2 and RCCW3, were 10.1, 10.7, 10.7, 8.3, 9.5 and 9.2 respectively. The color score of 

Ricotta cheese are provided in Figure 4.18f.  It is obvious from the Figure that difference in 

color scores is not as wider as for the other sensory scores. The difference between RCLW2 

and RCLW3 (scores 16.3), RCCW2 and RCCW3 (scores 15.4) is non-significant. The scores 

given to RCLW1 and RCCW1 were 15.7 and 14.0 respectively. The mean decrease in color 

scores of all the Ricotta cheese was from 17.43 to 13.25 after 60 days of storage.  

Figure 4.18g represented the overall acceptability of Ricotta cheese during 60 days storage 

and showed that the scores assessed by the panel varied from 17.0 to 24.0 out of 25. RCLW3 

obtained the highest score (21.4) followed by the RCLW2 (20.5), RCLW1 (19.5), RCCW2 

(17.8) and RCCW3 (17.6), while the RCCW1 got the lowest score (14.3). The highest drop of 

scores was noticed in RCCW3 (8.1) followed by the RCCW2 and RCCW1 (6.5), while the 

drop (6.0) in other cheese samples was similar. 

It is concluded from the results all the sensory attributes differed significantly among 

treatments and during storage. The sensory scores for all attributes were higher for Ricotta 

cheeses prepared from the liquid whey as compared from concentrated whey. The scores 

given to liquid whey cheeses were relatively higher. These results are in line with the 

colorimetric results, which indicated the whitish coloration in Ricotta cheese prepared from 

liquid whey as given in Figure 4.14a. Low scoring of Ricotta cheese from concentrated whey 

could be due to heat treatment during concentration (Millard browning) and higher level of 

fat which according to Najafi and Moatamedzadegan (2001) can impart the dark color. The 

flavor differences among cheese could be attributed due to enzymatic activities during 

storage. The results of organic acid shows the more glycolytic activities in Ricotta cheese 

prepared from concentrated whey, while the flavor of Ricotta cheese prepared from liquid 

whey was more liked by the panelists. This could be the production of flavoring compound 

from protein by the NSLAB in the liquid whey cheese (Carmona et al., 2006; Claudia et al., 

2014) and the burned flavor in cheese from vacuum concentrated whey. 
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Figure 4.18b Variations in flavor of Ricotta cheeses manufactured under different 

processing conditions from liquid and vacuum concentrated whey

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.18cVariations in texture & body of Ricotta cheeses manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 
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The increase in the color score during storage is also supported by the study of Tarakci and 

Kucukoner (2006), who also noticed the gradual increase in color scores during ripening.     

Whey cheese contains lactose, fat, organic acids and whey proteins. Several researchers 

reported that development of cheese texture and flavor is principally due to proteolysis which 

liberates the amino acids; these amino acids serve as the precursors for many flavoring 

compounds (Madsen and Ardo, 2001; Curtin and McSweeney, 2004; Licon et al., 2012).  

Whey protein contains higher amount of sulfur containing amino acid than the caseins. These 

amino acid are responsible for the production volatile sulfur-containing compounds, which 

impart flavor to various cheese varieties (McSweeney and Sousa 2000; Curtin and 

McSweeney, 2004). The ammonia production through deamination reaction of amino acid in 

cheese contributes towards flavor (McSweeney and Sousa, 2000). The unpleasant flavor of 

cheese prepared from concentrated whey could be due to production of ‘biogenic amines’ 

through decarboxylation of amino acids (Hemme et al. 1982). The rate of production of 

amines in cheese depends on the microflora of cheese, pH and salt concentration (Curtin and 

McSweeney, 2004). Sulieman et al. (2012) also noticed the improvement in flavor during 

storage of Ricotta cheese. Ong and Shah (2009) reported that during ripening, the proteins 

hydrolysis is correlated with the flavor and texture.  

Najafi and Moatamedzadegan (2001) stated that incorporation of fat in cheese formulation 

improves the flavor of Ricotta cheese, but in the present study, contradiction was noticed in 

cheese manufactured from concentrated whey. It could be due to the effect of heating on fat 

during concentration process. The Ricotta is a soft cheese, so consumers don’t like the hard 

Ricotta cheese. The liking for texture, mouth feel and overall acceptability for cheese 

produced from liquid whey could be due to its composition and less prone to heating as was 

for vaccum concentration.  Some new protein complexes (35-40 kDa) were visible in the 

SDS-PAGE of Ricotta cheese which could be the reason of more good texture, mouth fee and 

overall acceptability of cheese prepared from liquid whey. These complexes are also present 

in concentrated whey cheese but their intensity is lower.  
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Figure 4.18d Variations in hardness of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 

 

RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.18e Variations in mouth feel of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 
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RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.18f Variations in color of Ricotta cheese manufactured under different 

processing conditions from liquid and vacuum concentrated whey 

 
RCLW: Ricotta cheese form liquid whey, RCCW: Ricotta cheese from concentrated whey.  

1: Ricotta prepared at Temp 75°C, pH 8.4, CaCl2 4 mM, 2: Temp 100°C, pH 5, CaCl2 4 mM,  

3: Temp 90°C, pH 7, CaCl2 6 mM.  

Figure 4.18g Variations in overall acceptability of Ricotta cheeses manufactured under 

different processing conditions from liquid and vacuum concentrated 

whey 
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4.11 Yogurt 

Yogurt is an important dairy product which has gained prompt growth of market over the 

past few decades. Yogurt is daily consumed in Pakistan in the form of dahi, curd and packed 

yogurt. Different processing steps involves for industrial production of yogurt, in which milk 

standardization is an elementary step to increase solids not fat. In present investigation, 

concentrated whey was used to increase the SNF of milk for the preparation of yogurt. The 

impact of its addition was investigated on various characteristics of yogurt.  

4.12 Physicochemical analyses of concentrated whey and Buffalo milk used for 

preparation of yogurt 

The physicochemical analyses of milk and concentrated whey are provided in Table 4.19. 

Milk contains 3.48, 3.75 and 4.71% fat, protein and lactose contents respectively, while value 

of these constituents in concentrated whey is 2.57, 5.64 and 35.31% respectively.  

4.13 Physicochemical analyses of yogurt 

Yogurts prepared from the buffalo milk and concentrated whey were analyzed for various 

physicochemical characteristics as given below.  

4.13.1 pH and acidity of yogurt 

The pH of the yogurt milk changed due to conversion of lactose in to lactic acid produced by 

the starter bacteria during fermentation. Due to production of lactic acid, the proteins are 

coagulated in the form of curd (Gobbetti et al., 2002). Table 4.20 shows statistical analysis 

regarding pH and acidity of yogurt. The results shows the significant (p<0.01) effect of 

difference in yogurt (addition of concentrated whey) on both pH and acidity of yogurt. 

Storage periods and interaction between yogurt and storage days had also significant 

(p<0.01) effect on pH and acidity of yogurt during 21 days of storage.  

The graphical presentation of pH in Figure 4.19a shows that the control (Y0) had the highest 

pH (4.29) value than other yogurt samples. The pH (mean of means) of yogurt dropped from 

4.20 to 3.83 as the concentration of concentrated whey increased in yogurt (Y1 to Y6).  The 

trend was similar at zero and after 7 days of storage.  All the lines in Figure representing 

different yogurts shows the declining trend during storage, however the lowest total drop 

(0.65) in pH was noticed in Y3 and highest (0.72) in Y0.  The pH value (mean of means) of 

all the yogurt samples decreased from 4.35 to 3.65 during 21 days of storage. 

 



 
 

127 

 

 

 

Table 4.19 Physicochemical analysis of concentrated whey and Buffalo milk  

Parameters Concentrated whey Buffalo milk 

pH 4.35 ± 0.04 6.76 ± 0.06 

Acidity (%) 1.69 ± 0.03 0.12 ± 0.01 

Moisture (%) 51.38 ± 0.20 87.15 ± 0.33 

Fat (%) 2.57 ± 0.10 3.48 ± 0.15 

Protein (%) 5.64 ± 0.14 3.75 ± 0.06 

NPN (%) 1.17 ± 0.051 0.13 ± 0.01 

Lactose (%) 35.31 ± 0.19 4.71 ± 0.04 

Ash (%) 3.41 ± 0.04 0.80 ± 0.02 

Total solids (%) 48.62 ± 0.25 12.85 ± 0.17 

Mean values of three replicates ± S.E 
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The results of yogurt acidity (Figure 4.19b) indicated the highest acidity in Y4 followed by 

Y3, Y2, Y1, Y5, Y6 and Y0, hence the difference is statistical non-significant. It is obvious 

from Figure 4.20b that as the concentration of concentrated whey increased in yogurt 

samples more than 20% then its acidity decreased. Y6 (0.74%) and Y5 (0.80%) had lower 

acidity as compared to others samples other than control, which had lowest acidity value. An 

increasing trend in acidity is clearly visible in Figure for all the yogurt samples during the 

storage. The overall increase was from 0.85 to 1.26%. 

Gonzalez-Martınez et al. (2002) described that in the first fermentative stage of yogurt 

samples having whey powder (WP) in their formulation exhibited a less reduction in pH as 

compared to the control sample (without WP), but after 15 days of storage less difference in 

decreasing trend of all samples pH values.  Lower decreasing trend in pH value of Y5 and Y6 

could be due to higher concentration of total solids (high lactose), which inhibited the 

activity of starter culture, thus reduced the production of lactic acids. Reduction of microbial 

load by the higher concentration of concentrated whey is an interesting aspect, which 

contributes in increasing the shelf life of product. Slower rate of acid production in yogurt is 

due to the whey separation caused by the lactose hydrolysis (Nagaraj et al., 2009).  Fan et al. 

(2008) described that variations in acidity value do not necessarily have an effect on pH 

values. Decrease in pH and increase in acidity with in samples was due to increase in 

concentrated whey addition in buffalo milk for the production of yogurt, as the concentration 

of concentrated whey increased for yogurt production the pH decreased and acidity 

increased. The high acidity could be due to the organic acids already present in concentrated 

whey. Penna et al. (1997) reported in a study that higher content of lactose in whey powder 

can lead to faster production of lactic acid when used in yoghurt. Al-Kadamany et al. (2002) 

observed decrease in pH from 4.0 to 3.7 and increase in acidity from 1.9 to 2.4% in yogurt 

during 12 days storage at 5oC. Decrease in pH and increase in acidity was due to the 

consumption of lactose by microbial culture that converts lactose into lactic acid, formic acid 

and Co2 during storage (Wolfschoon, 1983; Masood, 1997; Tamim and Robinson, 1999; 

Panesar and Shinde, 2011). Delikanli and Ozcan (2014) reported that yogurt containing 

additives like whey proteins exhibited an increase in the titratable acidity and decrease in the 

pH values. Yeganehzad et al. (2007) related the decrease in pH and increase in acidity in 

yogurt with the ratio of phosphates and citrates in yogurt, resulting from the increased 

concentration of milk solids. 
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Table 4.20 Mean square for pH and acidity of yogurt during storage 

Source of variation Degree of freedom pH Acidity 

Yogurt 6 0.3347**  0.086** 

Days 3 1.9078**  0.858** 

Yogurt × Days 18 0.0027* 0.004* 

Error 56 0.0014             0.002 

Total 83   

** = Highly significant (P<0.01); * = significant (P>0.05) 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.19a pH of yogurt during storage 
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Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.19b Acidity of yogurt during storage 
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Although the yogurts were stored at refrigeration temperature but still fermentation continued 

at a slower rate, which resulted decrease in pH. High drop in pH can be related to the high 

lactose contents in yogurt, which increased with the addition of concentrated whey 

containing high lactose cotent than milk (Ahmad et al., 2013).  

4.13.2 Moisture content of yogurt 

Moisture content is an important parameter which affects the texture and gel of yogurt during 

storage. Statistical analysis regarding moisture content of yogurt is presented in Table 4.21 

which predicted that yogurt prepared by addition of concentrated whey and without 

concentrated whey had a significant effect (p<0.01); however, storage periods and interaction 

between yogurt and storage days had non-significant (p>0.05) effect on the moisture content 

of yogurt. The results of moisture content are presented in Figure 4.20. The variation in 

moisture content of all the samples was from 76.11 to 86.6%. It is obvious from the graph 

that control yogurt had the highest moisture content (86.96%). The level of moisture content 

decreased as the level of concentrated whey increased in the other yogurt samples and the 

lowest was recorded by the Y6 (76.11%) containing 30% concentrated whey. The results of 

moisture are according to the finding of Anwer et al. (2013) who observed non-significant 

changes in moisture contents of yogurt during 14 days storage. Moisture content of fresh 

yogurt was 85.53 which increased somewhat to 85.63 after 14 days storage. The results 

regarding the moisture contents of yogurt estimated in the present findings are very close to 

the results reported by Iwalokun and Shittu (2007) and Dublin-Green and Ibe (2005). They 

observed a minute increase in moisture contents of yogurt during storage. 

4.13.3 Fat content of yogurt 

Fat is not only a source of energy but also impart creamy texture in mouth feel and taste 

richer. It is also a source of fat-soluble vitamins (A, D, E and K) and essential fatty acids, 

linoleic acid, and arachidonic acid (Parry, 1974; Aziznia et al., 2008). Statistical analysis 

regarding fat contents presented non-significant effect (p>0.05) of fat with in all yogurt 

samples (Table 4.21). Non- significant (p>0.05) between all yogurt sample was due to 

standardization of fat contents of all yogurt samples at 3.5% before manufacturing of yogurt. 

Storage periods and interaction between yogurt and storage days had significant (p<0.01) 

effect on fat contents of yogurt during 21 days of storage. Figure 4.21 presented that fat 

contents of all yogurt samples decreased significantly (p<0.01) during storage from 3.49 at 0 

day to 3.36% after 21 days of storage. Decrease in fat contents could be due to lipolysis 

during storage. 



 
 

132 

Table 4.21 Mean square for moisture of yogurt during storage 

Source of variation Degree of freedom Moisture 

Yogurt 6 182.94** 

Days 3 0.594 NS 

Yogurt × Days 18 0.106NS 

Error 56 0.120 

Total 83  

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.20 Moisture content of yogurt during storage 
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Table 4.22 Mean square for fat content of yogurt during storage 

Source of variation Degree of freedom Fat 

Yogurt 6 0.008NS 

Days 3 0.064** 

Yogurt × Days 18 0.001NS 

Error 56 0.005 

Total 83  

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

 

Figure 4.21 Fat (%) of yogurt during storage 
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Kauser et al. (2011) and Anjum et al. (2007) determined that lipolytic activities of microflora 

caused the reduction of fat contents during storage for long time. Others factors caused 

lipolysis in yogurt may be the lipase activity, fat globule vulnerability, physical, chemicals 

and thermal factors (Ray et al., 2013). Muhammad et al. (2009) observed during their 

research on yogurt prepared from cow and soy milk that fat content varied non-significantly 

in yogurts stored at same temperatures. El-Owni et al. (2012) also observed significant 

decrease in fat contents during storage due to breakage of lipids during fermentation.  

4.13.4 Protein and non-protein nitrogen contents of yogurt 

Protein contents of yogurt affect its firmness and viscosity.  Table 4.23 presented the 

statistical analysis with regard to protein and non-protein nitrogen (NPN) contents of the 

yogurt. It showed that protein and non-protein nitrogen in all yogurt samples differ 

significantly (p<0.01). Storage periods had also a significant effect (p<0.01) but their 

interactions with yogurt were non-significant (p>0.05). 

The protein contents of yogurt (Table 4.24a) decreased significantly during storage from 4.03 

to 3.97%. The protein contents of all yogurt samples were in the range from 3.75 to 4.31%. 

Y0 had lowest protein content 3.75%, followed by Y1 3.84% and Y6 had the highest protein 

content 4.31% in fresh yogurt, which decreased to 3.68, 3.78 and 4.27% respectively after 21 

days of storage. It is obvious (Table 4.24 and4.25) that as the level of concentrated whey 

increases in the samples, the concentration of protein and NPN also increased in the yogurt. 

This could be due to the higher concentration of protein and NPN in concentrated whey as 

compared to the buffalo milk. From both Tables an increasing trend was noticed for protein 

and NPN during storage. 

Mean protein contents of all the yogurt samples indicated the non-significant difference up to 

7th day of storage (4.03-4.02%) in protein content, which later on decreased to 3.99% on 14th 

day and remained non-significant up to 21st day of storage (3.97%). In contrast to the result 

of protein during storage, a slight but consistent increase in NPN was observed in all the 

samples; however the average increase was from 0.22 to 0.31% in NPN.   

The results of research experiment by Bavarian et al. (2010) support the observations of 

current research work. They observed a continuous increase in non-protein nitrogen of 

probiotic yogurt over a storage time of 21 days.  However, they noticed that the increase in 

NPN contents was more obvious after 14 days. The variation in present investigation may be 

due to the use of L.delbrueckii subsp. bulgaricus and S.thermophilus, which are more 

proteolytic than probiotic bacteria. 
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Table 4.23 Mean square for protein and non-protein nitrogen content of yogurt  

Source of variation Degree of freedom Protein Non-protein nitrogen 

Yogurt 6 0.513** 0.147** 

Days 3 0.016** 0.024** 

Yogurt × Days 18 0.0001NS 0.0001NS 

Error 56 0.002 0.001 

Total 83   

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

Table 4.24 Protein (%) of yogurt during storage days 

Yogurt Samples 
Storage days 

Means 
0 7 14 21 

Y0 3.75 ± 0.026 3.73 ± 0.025 3.71 ± 0.027 3.68 ± 0.038 3.72 ± 0.017G 

Y1 3.84 ± 0.042 3.84 ± 0.012 3.80 ± 0.024 3.78 ± 0.023 3.81 ± 0.017F 

Y2 3.93 ± 0.021 3.93 ± 0.019 3.89 ± 0.032 3.86 ± 0.029 3.91 ± 0.019E 

Y3 4.03 ± 0.025 4.01 ± 0.023 3.98 ± 0.015 3.96 ± 0.018 4.00 ± 0.019D 

Y4 4.13 ± 0.018 4.12 ± 0.024 4.10 ± 0.028 4.08 ± 0.022 4.11 ± 0.013C 

Y5 4.22 ± 0.023 4.21 ± 0.022 4.18 ± 0.025 4.17 ± 0.027 4.19 ± 0.015B 

Y6 4.31 ± 0.020 4.30 ± 0.031 4.28 ± 0.017 4.27 ± 0.010 4.29 ± 0.012A 

Means 4.03 ± 0.118A 4.02 ± 0.118A 3.99 ± 0.119B 3.97 ± 0.123B 
 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Table 4.25 Non protein nitrogen (%) of yogurt during storage days    

Yogurt 

Samples 

Storage days 
Means 

0 7 14 21 

Y0 0.17 ± 0.010 0.19 ± 0.012 0.21 ± 0.015 0.24 ± 0.019 0.20 ± 0.018G 

Y1 0.18 ± 0.011 0.21 ± 0.013 0.24 ± 0.016 0.26 ± 0.016 0.22 ± 0.020F 

Y2 0.20 ± 0.013 0.23 ± 0.010 0.26 ± 0.009 0.29 ± 0.013 0.24 ± 0.022E 

Y3 0.22 ± 0.012 0.25 ± 0.012 0.28 ± 0.008 0.31 ± 0.012 0.26 ± 0.023D 

Y4 0.24 ± 0.014 0.26 ± 0.014 0.29 ± 0.011 0.34 ± 0.014 0.28 ± 0.025C 

Y5 0.25 ± 0.016 0.27 ± 0.015 0.30 ± 0.017 0.35 ± 0.009 0.29 ± 0.023B 

Y6 0.26 ± 0.015 0.28 ± 0.011 0.32 ± 0.019 0.36 ± 0.015 0.31 ± 0.024A 

Means 
0.22 ± 

0.021D 

0.24 ± 

0.019C 

0.27 ± 

0.022B 

0.31 ± 

0.026A  

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 
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4.13.5 Lactose content of yogurt 

Lactose is the main substrate for the yogurt culture during fermentation for the production of 

lactic acid (Chandan, 2006). Statistical analysis with regard to lactose contents of yogurt are 

exhibited in Table 4.26 showed that lactose contents in all yogurt samples containing 

different levels of concentrated whey differ significantly (p<0.01) Storage periods were also 

a significant effect (p<0.01) but their interactions with yogurt were non-significant (p>0.05). 

The results regarding the lactose contents of yogurt during storage are elaborated in Figure 

4.23. It is obvious from the results that the lactose content increased in the yogurt with the 

level of concentrated whey. The highest value was noticed in Y6 (13.37%) followed by Y5 

(11.72%), Y4 (10.24%), Y3 (8.65%) and Y2 (7.10%), while the lowest lactose was estimated 

in control yogurt containing only buffalo milk (4.03%) followed by Y1 (5.63%), which 

contain 5% concentrated whey. This variation in lactose is directly linked with the lactose 

content of concentrated whey (Table 4.18). A significant decrease in lactose content of 

yogurt was noticed in all the yogurt samples, however an overall decrease from 9.11 to 

8.44% was observed during storage of 21 days. Decrease in lactose content during storage 

may be due to fermentation of lactose and its breakdown into lactic acid (Goodenought and 

Kleyn, 1976; El Owni et al., 2012). 

4.13.6 Ash content of yogurt 

Statistical analysis with regard to ash contents of yogurt (Table.4.27) showed that differences 

in ash contents of all yogurt samples effected significantly (p<0.01), while storage periods 

and their interactions had non-significant (p>0.05) effect on the yogurt ash content, which is 

obvious from Table 4.18. 

The results presented in Figure 4.23 predicted that the mean value of ash contents during 

storage was in range from 0.80 to 1.52%. Y0 had the lowest ash content 0.80% followed by 

Y1 (0.91%), Y2 (1.02%), while Y6 had the highest ash contents (1.52%). Ash contents 

increased as the concentration of concentrated whey increased in yogurt. Anwer et al. (2013) 

observed non-significant changes in ash contents of yogurt during 14 days storage. 

Muhammad et al. (2009) evaluated the effect of storage on physicochemical properties of 

yogurt prepared from cow and soy milk. They found the non-significant difference in ash 

contents of yogurt during a storage time of 21days. 
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Table 4.26 Mean square for lactose content of yogurt  

Source of variation Degree of freedom Lactose 

Yogurt 6 134.30** 

Days 3 2.083** 

Yogurt × Days 18 0.027NS 

Error 56 0.094 

Total 83  

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.22 Lactose (%) of yogurt during storage days 
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4.13.7 Mineral (calcium, sodium, potassium) content of yogurt 

Yogurt delivers nutrients such as proteins, minerals and vitamins to consumers having 

beneficial effects. Statistical analysis with regard to minerals (calcium, sodium, potassium) of 

yogurt (Table 4.27) showed that minerals of yogurt prepared by addition of concentrated 

whey and without concentrated whey had significant (p<0.01) effect. Storage periods and 

interaction between yogurt and storage days had non-significant (p>0.05) effect on mineral 

contents of yogurt during 21 days of storage.  

The results of calcium (Figure 4.24), sodium (Figure 4.25) and potassium (Figure 4.26) 

indicated the significant increase in concentration as the level of concentrated whey increased 

in the yogurt. The difference among yogurts (from Y0 to Y6) for calcium was from 1575.81 

to 2011.86 mg Kg-1, sodium 743.89 to 1390.60 mg Kg-1 and potassium 779.20 to 1522.13 mg 

Kg-1. It is also obvious from all the Figures that the composition of concentrated whey in 

Table 4.18 indicates the higher ash content that could be the reason of higher content of 

calcium, sodium and potassium in the yogurts, when its concentration in yogurt is elevated.  

 4.13.8 Total solids contents of yogurt 

Physical and textural properties of the final yogurt are influenced by the total solids in the 

yogurt (Aziznia et al., 2008). The yogurt containing low solids result in poor texture, weak 

body and high syneresis in yogurt, which was maintained using stabilizer blends or ropy 

strains of starter cultures (Mistry and Hassan, 1992; Trachoo and Mistry, 1998). 

Statistical analyses of total solids are presented in Table 4.28. The results showed that total 

solid contents of yogurt effected significantly (p<0.01) by addition of concentrated whey, 

while storage periods and interaction between yogurt and storage days had non- significant 

(p>0.05) effect on solid contents of yogurt.  

Figure 4.27 presented that the mean values for total solids contents of yogurt prepared by 

addition of concentrated whey and without concentrated whey were in range from 13.05 to 

23.89%. Y0 had the lowest solids 13.05%; followed by Y1 14.83%, while the Y6 contained 

the highest solid 23.89%. The difference in solid contents of yogurt samples was due to 

different concentration level of concentrated whey added in milk for the preparation of 

yogurts.  



 
 

139 

Table 4.27 Mean square for ash content, calcium, sodium and potassium of yogurt 

during storage 

Source of variation 
Degree of 

freedom 
Ash Calcium Sodium Potassium 

Yogurt 6 0.815** 313099** 603012** 972260** 

Days 3 0.002NS 9.708NS 10.2380 NS 4.84082 NS 

Yogurt × Days 18 0.0001NS 0.024 NS 0.05477 NS 0.23691 NS 

Error 56 0.0016 695.86 1424.49 1883.39  

Total 83     

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.23 Ash content of yogurt during storage days 
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Figure 4.24 Calcium of yogurt during storage days 

 
Figure 4.25 Sodium of yogurt during storage days 

 
Figure 4.26 Potassium of yogurt during storage days 
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Anwer et al. (2013) observed significant reduction in solid contents from 14.43 to 14.30% of 

yogurt during 14 days storage. O’ Neil et al. (1979) evaluated that decrease in total solid 

contents in yogurt during storage was due to conversion of lactose into lactic acid by lactose 

fermenting bacteria in yogurt. El Owni et al. (2012) and Anjum (2007) also observed 

significant reduction in total solids contents during storage.  

4.14 Syneresis, water holding capacity and viscosity of yogurt  

Shrinkage of gel during storage releases the liquid whey; this process is called syneresis. 

WHC is the ability of gel to hold water and viscosity is the measure of the fluid internal 

friction (Lucy, 2001; Megenis et al., 2006). Analysis of variance for syneresis, WHC and 

viscosity are presented in Table 4.29. It exhibited that significant (p<0.01) effect of 

concentrated whey and storage period on the syneresis, WHC and viscosity of yogurt 

samples were observed, while their interaction was also significant (p<0.01) effect in case of 

syneresis but behaved non-significant (p>0.05) effect in case of WHC and viscosity. 

Figure 4.28 exhibited the mean syneresis (%) of yogurt was in the range from 5.51 to 17.15% 

of fresh yogurt. Y2 had the lowest syneresis 5.51, followed by Y1 5.79, while Y6 had the 

highest syneresis 17.15% at 1st day of storage, which increased significantly (p<0.01) to 9.70, 

10.21 and 25.70% respectively after 21 days of storage.  

Figure 4.29 showed the mean WHC (%) of yogurt was in range from 66.18 to 81.05% of 

fresh yogurt. Y6 had the lowest syneresis 66.18, followed by Y5 69.15, while Y2 had the 

highest WHC 81.05% at 1st day of storage which decreased significantly (p<0.01) to 50.93, 

53.17 and 63.23% respectively after 21 days of storage. 

Figure 4.30 displayed the mean viscosity (cps) of yogurt was in range from 2069 to 2907 cps 

of fresh yogurt. Y6 had the lowest viscosity 2069, followed by Y5 2236, while Y2 had the 

highest viscosity 2907 cps at 1st day of storage which decreased significantly (p<0.01) to 

986, 1108 and 1643 cps respectively after 21 days of storage. 

Graphically presentation (Figure 4.28-4.30) of yogurt samples Y6, Y5 and Y4 showed 

highest syneresis, lowest WHC and viscosity, while Y2 and Y1 exhibited less syneresis, 

highest WHC and viscosity as compared to control and others yogurt samples. Variations in 

syneresis, 
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Table 4.28 Mean square for total solids content of yogurt during storage 

Source of variation Degree of freedom Total solids 

Yogurt 6 183.62** 

Days 3 0.597NS 

Yogurt × Days 18 0.018NS 

Error 56 0.240 

Total 83  

** = Highly significant (P<0.01); NS= non- significant (P>0.05) 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.27 Total solids (%) of yogurt during storage days 
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WHC and viscosity of yogurt samples may be due to high total solids due to higher 

concentration of lactose present in concentrated whey, which inhibited the starter culture 

growth. Christensen (1970) reported that the concentration of added sugar into yogurt should 

not exceed to 9%.   

Chalas (2010) reported that yogurt having 5% w/w lactose addition showed the highest 

syneresis and lowest viscosity as compared to 0, 1 and 3% w/w added lactose during storage 

period at 7 th day to onwards 21st day. Wilson et al. (2003) and Nagaraj et al. (2009) 

described that the concentration of whey separation (syneresis) increased and viscosity 

decreased significantly (p<0.05) as the degree of lactose hydrolysis increased. Amatayakul et 

al. (2006) stated that syneresis can be prevented by increasing total solids (14 to 16%) by 

incorporating high concentration of proteins and fat into yogurt.  

Schorsch et al. (2001) and Sodini et al., (2005) reported that WPC increased interactions 

between whey and casein which cause retention of water of the gel network. Guzman-

Gonzalez et al. (1999) and Cheng et al. (2000) observed a better ability to that yogurts 

having WPC can retain more moisture than those containing SMP. Puvanenthiran et al. 

(2002) described that high concentration of whey proteins effect the yogurt syneresis as 

yogurt fortified with 0.75 g whey protein had 44% while yogurt having 2.07 g whey proteins 

had 16% syneresis. However, syneresis remained constant for yogurt having similar whey 

protein contents but different total solid contents. Yogurts prepared with 12% vs. 9.5% solids 

had syneresis of 11 vs. 10% respectively. High concentration of acid production and 

increasing storage temperatures examined to increase the syneresis in yogurt (Richmond et 

al., 1985). The interactions of whey-casein can be related to syneresis as the numbers of 

interactions increased, which ultimately increased the more connections in the network, due 

to which greater amounts of water is  retained (Parnell-Clunies et al., 1986: Lee and Lucey, 

2004a). Cheng et al. (2000), Augustin et al. (2003), Remeuf et al. (2003) and Delikanli and 

Ozcan (2014) reported that when WPC added by replacing skim milk, then rise in water-

retention ability in the yogurt increased and  syneresis decreased.  

Modler et al. (1983) examined three WPC with 330 to 530 g kg−1protein. They noticed that 

yogurt containing WPC showed more variation in syneresis, which varies from 210 to 280 g 

kg−1. Guinee et al. (1995) compared the WHC of four yogurts containing WPC. They noticed 
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a great variation in their apparent viscosity and WHC. Later on Guzman-Gonzalez et al. 

(1999) reported the variation in WHC which varies from 100 to 300 g kg−1.) WHC was 

increased due to whey proteins denaturation in yogurt products, as they increased the gelling 

properties with adequate heat treatment and increases the surface area which allowed 

increased water retention in the yogurt matrix (Akhtar and Dickinson, 2003; Sodini et al., 

2006). 

Guzman-Gonzalez et al. (1999) reported Brookfield viscosity (10 to 30 Pa s) with six yogurts 

produced with six different WPC (340 to 800 g kg-1 protein). Concentrated whey increased 

the viscosity of yogurt. The denatured whey protein resulting from the heating of the milk 

interacts with κ-casein, coats the micelles, and enhances the cross-linking of the gel (Mottar 

et al,. 1989). Lucey et al. (1999) reported that addition of WPC as an ingredient in the 

mixture of yogurt reduces the syneresis, increase firmness and viscosity. Parnell-Clunies et 

al. (1986) and Lee and Lucey (2004a) also reported that yogurt containing whey proteins 

denaturation from 25 to 75% showed more viscosity increased firmness, WHC and less 

syneresis. Viscosity is affected by the solid contents and increased by increasing solids 

content in milk for the preparation of yogurt. Mistry and Hassan (1992) observed that 

viscosity of yogurt was increased by increasing its total solids. Protein fortification and heat 

treatment are the most important parameters that determine yogurt’s textural properties 

(Tamime et al., 2001; Fox, 2009). High-heat treatment causes high degrees of whey protein 

denaturation (>50%), which is correlated with a marked increase in complex viscosity.  

Guzman-Gonzalez et al. (1999) identified that there is no difference in the quality of yogurt 

prepared by SMP fortification or with condensed milk. However, yogurt prepared from whey 

powder fortification containing 4.2% protein by substituting SMP enhanced more density and 

its viscosity (Chiralt, 2002). Hanif et al. (2012) reported that viscosity of buffalo milk yogurt 

was significantly (p<0.01) decreased during storage. 
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Table 4.29 Mean squares for syneresis, Water holding capacity (%) and Viscosity (cps) 

of yogurt during storage 

Source of 

variation 

Degree of 

freedom 

Syneresis (%) Water holding 

capacity (%) 

Viscosity (cps) 

Yogurt 6 352.62** 267.28** 731728** 

Days 3 191.50** 1147.65** 5489014** 

Yogurt × Days 18 3.61** 1.19 NS 7950 NS 

Error 56 0.17 1.73 8804 

Total 83    

 

 

Figure 4.28 Syneresis of yogurt during storage days 
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Figure 4.29 Water holding capacity of yogurt during storage days 

 

Figure 4.30 Viscosity of yogurt during storage days 
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4.15 Total viable, yeast and molds counts of yogurt 

Two purposes to check the microbial quality of yogurt are; 1) to protect the consumer from 

health hazards 2) reduce the microbial spoilage and increase the shelf life of the products 

(Caballero, 2003). The assessment of microbial quality is also the indicator of hygienic 

conditions that have been adopted during production (Tammie and Robinson, 1999). The 

bacteria present in the yogurt (L. delbrueckii spp. bulgaricus and Streptococcus 

thermophilus) multiply in the gut and become the important bacteria which suppress the 

growth of others spoilage organisms and produces a number of health promoting compounds 

known as bioactive peptides, which protect the health of consumers against cancer,  

hypertension and act as immunostimulants, minerals transporter and antithrombotic 

(Wollowski et al., 1999; Kawase et al., 2000; Wollowski et al., 2001; Zsivkovits et al,. 2003; 

Chandan, 2006,).  

Statistical analysis with regard to total viable count (TVC), yeast and molds of yogurt are 

presented in Table 4.30. The results demonstrated that TVC, yeast and molds of yogurt 

significantly (p<0.01) by the addition of concentrated whey in yogurts. Storage periods had 

also significant (p<0.01) effect; however the interactive effect of yogurt and storage days 

acted non-significantly (p>0.05) for TVC, yeast and molds of yogurt.  

The results of microbial analyses (Figures 4.31 and 4.32) divulge that number of TVC, yeast 

and molds increased consistently during the first 14 days of storage, afterwards  a decline 

was noticed up to 21st day of storage. The results conferred in the Figures explored that the 

paramount number of TVC, mold and yeast were estimated in Y0 followed by the Y1, Y2, 

Y3, Y4 and Y5, while the lowest counts were inspected in the Y6.  

The inequality of microbial load among the yogurt samples could be due to the diversity in 

their composition. Ozer and Robinson (1998) concluded from their study that total solids of 

yogurt significantly impacted the growth and activity of starter culture. An increase in acidity 

during yogurt fermentation reflects growth of yeast and molds (Dardahti et al., 2001). Results 

retrieved from a study showed that increasing (14 to 27%) milk total solids increased the 

number of starter bacteria (Mahdian and Tehrani, 2007). The results of present study are in 

contrast to their observation regarding the microbial count. The difference could be due to 
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addition of concentrated whey which contributes additional lactose from 1.74 to 9.14%, 

while they used the skim milk powder. Results are supported by the findings of Christensen 

(1970) and Tramer (1973), who reported that the > 9% and 5-11% sugar added to milk may 

inhibit the starter culture growth respectively. Tramer (1973) further added that not only the 

sugars but higher concentration of SMP used to increase the total solids of yogurt milk also 

had the inhibitory effect on microbial count, through reducing which the water activity for 

metabolic activities. He mentioned that above 22% total solids concentration, serious 

inhibition may occur. In our findings there were minor differences among the yogurt Y0 to 

Y3 containing 1 to 5% additional lactose from concentrated whey, which is backed by the 

study of Chalas (2010), who reported that yogurt containing 3 and 5% lactose did not have a 

significant effect on growth of starter culture.  

The trend of increase and decrease in microbial count is supported by the study of Thabet et 

al. (2014). They recorded the increased bacterial viable counts in yogurt from 95×106 to 

98×106 after 16 days storage then decreased to 92×106 cfu/g after 24 days storage. Eissa et 

al., (2011) noticed a conspicuous escalation in microbial count up to 10 days and later on a 

decline was observed till 15th day. The findings of microbial examinations are also supported 

by the results of pH and acidity, which showed the higher acidity in yogurts containing lower 

amount concentrated whey reflecting the higher metabolic activities. 

4.16 Sensory evaluation of yogurt samples  

Sensory evaluation is a critical component of product development carried out by an expert 

panel to judge to evaluate the various sensory attributes depending on the nature of product. 

The yogurt flavor is the most acceptable sensory attribute for consumer acceptance and it 

requires good combination of acidity and flavors without any after taste (Karagul-Yuceer et 

al., 1999). Color is one of the most important visual attributes in dairy products and color 

differences affect storage, shelf life and deterioration of the yogurt (Coggins et al., 2008).  

Statistical analysis concerning sensory attributes of yogurt (Table 4.31) and demonstrated 

that all the sensory attributes of yogurt were significantly (p<0.01) effected by the addition of 

concentrated whey storage intervals.  The interaction between yogurt and storage days had 

significant (p<0.01) effect on appearance & color and Flavor, while body and texture and 

taste of all yogurt samples were non-significantly (p>0.05) influenced.   
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Table 4.30 Mean square for total viable count and yeast and molds of yogurt during 

storage 

Source of variation Degree of freedom TVC Yeast and Molds 

Yogurt 6 26.739** 11.507** 

Days 3 362.427** 240.152** 

Yogurt × Days 18 0.408NS 0.359NS 

Error 56 0.333 0.201 

Total 83   

** = Highly significant (P<0.01); NS= Non- significant 
 

 

 

Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

Figure 4.31 Total Viable Counts of yogurt during storage days 
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Y0= Control sample (without CW addition), Y1= 95% milk + 5% CW, Y2= 90% milk + 

10% CW, Y3= 85% milk + 15% CW, Y4= 80% milk + 20% CW, Y5= 75% milk + 25% 

CW, Y6= 70% milk + 30% CW 

 Figure 4.32 Yeast and molds of yogurt during storage days 
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The Figure 4.32a revealed that Y1 (5% CW) got the best appearance and color scores 12 out  

of 15 as compared to other yogurt samples followed by the Y2 (10% CW) and Y3 (15% 

CW), while the lowest scores were obtained by control at zero day of storage. After 7th day of 

storage, Y1, Y2 and Y3 were at the best (score 10) position, while the other yogurts (Y0, Y4, 

Y5, Y6) were near 8 score. At the end of storage (21 days) Y2 got lead followed by Y1 and 

Y2, while Y6 was at the lowest position. It is accessible from the Figure 4.32a that 

appearance scores decline throughout the storage period in all the yogurt samples.  

The outcome of sensory attribute flavor is mentioned in Figure 4.32b, which displayed that 

flavor scores of yogurt samples decline as the storage progressed. The yogurt containing 10% 

CW (Y2) was more like by the panel of judges followed the Y3 and Y4, however overall 

least scores were assigned to Y6. The scores for body and texture of yogurt samples are 

mentioned in Figure 4.32c, which explored the highest position of Y2 at each storage interval 

and the lowest of Y6 followed by the Y5 and Y4. The Figure 4.32d exhibited that Y2 had 

attained the highest scores for best taste (8.0 out of 10) at zero day of storage (fresh sample) 

as compared to other yogurt samples and Y6 had obtained bad taste ( score 3).  Taste score 

decreased significantly (p<0.01) during storage period. After 21 storage days texture score of 

Y1 and Y6 decreased to 5 and 1 respectively, while the Y2 samples maintained its position. 

The overall sensory evaluation (Figure 4.32e) shows that Y2 yogurt sample (containing 10% 

CW) was stated best, while Y1 and Y6 was more disliked by the judges as the storage 

proceeded. Few judges reported that taste of Y6 and Y5 were little bitter and dark in yellow 

color. 

The acceptability of Y2 and Y3 indicated that the addition of containing 10 and 15% 

concentrated whey improves the sensory attributes of yogurt as compared to control (without 

concentrated whey). Ptocka et al. (2004) and Guggisberg et al. (2007) also agreed that 

fortification of yogurt with WPI in stirred yogurt and native whey protein in set yogurt 

improve the sensory attributes of yogurt. Alakali et al. (2011) observed that yogurt 

containing whey concentrate (12%) got the highest score by panelists for color, mouth feel, 

flavor and overall acceptability.  The low sensory scores for control could be due to high 

microbial count as reported by the Baraquio et al. (1981). They describe that increase in 

growth of yeast and mold counts in yogurt affected the appearance of yogurt during storage. 
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It’s also supported by the studies of Ozer (2006) and Radi et al. (2009) who reported that 

acetaldehyde, which is main flavor substance in yogurt, metabolized to ethanol via alcohol 

dehydrogenase of Streptococcus thermophilus. The decrease in scores of all the sensory 

parameters are in accordance of Salwa et al. (2003) and Tarakci and Kuckoner (2003), who 

reported the decrease in appearance scores of yogurts during storage periods.  

The yellowish color of Y6 and Y7 could be due to high lactose content and heating during 

before yogurt manufacturing. Gonzalez-Martinez et al. (2002) and Supavititpatana et al. 

(2009) also described that whey powder added during yogurt production increased yellowish 

color development in yogurt and the yellow color intensity was proportional to the amount of 

whey added. Mumtaz et al. (2008) observed that the texture significantly affected during 

storage. Researchers have evaluated that fortification with whey powder or SMP will 

increase the physical as well as textural properties of yogurt. Trachoo and Mistry (1998) 

observed that low fat set yogurt prepared by adding buttermilk powder containing protein 

3.7% was relatively smoother than those manufactured by fortification of SMP at 4% protein 

level. Pereira et al. (2006) had also evaluated that low fat set yogurt prepared by adding 

buttermilk powder was found to be smoother than those manufactured by fortification of 

SMP. These findings support our study as well, the increasing total solid to some extent 

improve the sensory attributes. 
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Table 4.31 Mean squares for sensory evaluation of yogurt during storage 

Source of 

variation 

Degree of 

freedom 

Appearance 

& color 
Flavor 

Texture & 

body 

Taste  

Yogurt 6 11.4407** 115.12** 102.514** 32.5019** 

Days 3 62.1790** 434.68** 225.333** 22.2471** 

Yogurt × 

Days 
18 0.5232** 2.01* 0.500 NS 0.2527NS 

Error 56 0.1881 0.952 0.782 0.3165 

Total 83     

** = Highly significant (P<0.01) 

 

 

Figure 4.32a Appearance & color of yogurt during storage  
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Figure 4.32b Flavor of yogurt during storage  

 

Figure 4.32c Texture and body of yogurt during storage  
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Figure 4.32d Taste of yogurt during storage  

 

 

Figure 4.32e Sensory evaluations of yogurt samples during storage 
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4.5 Conclusions and Recommendations 

 Conclusions 

 Combination of processing conditions like temperature, pH and CaCl2 concentration 

significantly affect the yield of the Ricotta cheese prepared from liquid and 

concentrated whey. 

 Higher yield of Ricotta cheese can be obtained when processed at 90oC, pH 7.0 and 

CaCl2 6 mM  conditions either from liquid and concentrated whey 

 The Ricotta cheese prepared from concentrated whey contained more fat, proteins, 

lactose, organic and ash contents, but exhibited poor sensory attributes. 

 Results of SDS-PAGE showed the more changes in proteins of Ricotta cheese from 

concentrated whey than from liquid whey.  

 Ricotta cheese prepared from liquid whey at 90oC, pH 7.0 and CaCl2 6 mM  is 

preferred on others due to high yield, more sensory acceptance and composition  

 Addition of concentrated whey to yoghurt significantly affected the physicochemical 

and sensory attributes of yogurt samples depending upon their concentration level  

 Sensory evaluations showed that the yogurts fortified up to 10% concentrated were 

more preferred than control by panelists. 

 The yogurts containing concentrated whey more than 10% were yellowish brown in 

color and bitter in taste 

 The concentrations of lactose increase with higher levels of concentrated whey, which 

hinder the bacterial growth, their activities, affected the texture and sensory 

acceptance. 

Rcommendations 

 For the production of Ricotta cheese from liquid whey, 90°C temperature, pH 7 and 

CaCl2 6 mM is recommeded for the higher yield and various sensory attributes. This 

cheese can be directly consumes as cheese and used in salad.   

 The Ricotta cheese produced from concentrated whey under similar conditions had 

higher yield but lower sensory quality attributs, but due to higher protein content is 

recommended to use as an ingredient in other food product 
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 Concentration of whey through under vacuum is only feasible at  small scale which 

later on can be added to yogurt at 10%, and used as an ingredient in other food 

products like bakery and confectionary 

 Concentration through vacuum concentrator deteriorate the whey protein quality 

(denaturation) and have a negative impact on various sensory attributes. 

 Hence it is recommend that the other ways like UF, RO,  should be used in the pre-

concentration process before preparing Ricotta for high protein quality. 

 Ricotta can compete with other dairy ingredients on a protein basis.  

 Production of Ricotta cheese could be an economical process for the small scale 

cheese processors in Pakistan that will add to their profit 
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CHAPTER-5               SUMMARY 

Cheese industries in Pakistan are disposing off their whey mainly in the drains, which can be 

transformed into Ricotta cheese and used in yogurt, as the use of membranes for the 

segregation of whey ingredients is quite expensive at small scale. To maximize the yield of 

Ricotta cheese, various factors are involved, out of which only three pH (3-7), temperature 

(60-90°C) and CaCl2 (2-6 mM) were exploited in the investigation for the production of 

cheese from liquid and vacuum concentrated whey. Twenty different experiments were run 

following the Response Surface Methodology (RSM).  

The data of the experiments were then expounded to get a model with good fitting to the 

observed data through ANOVA for both liquid and concentrated whey. The Model F-value 

of central composite design (CCD) for liquid and concentrated whey were 57.43 and 49.30 

respectively, which indicated that the both models are significant (P<0.01) and compatible 

(R2 0.981 and 0.978). The 3-D graph showed the strong response surface dependence of all 

three factors on yield of Ricotta cheese, but pH and temperature had more effect as compared 

to CaCl2. The optimized conditions by the model were 90°C, pH 7 and 5 mM CaCl2 for 

liquid whey (yield 1.95%) and  90°C, pH 7 and 4.64 mM for concentrated whey (yield 

10.89%). But during these experiments, optimized yield values were lower than the highest 

observed values; therefore the three best conditions for higher observed yield values were 

selected for the production of Ricotta cheese from liquid (RCLW1: 75°C, pH 8.4, CaCl2 4 

mM, RCLW2: 100°C, pH 5, CaCl2 4 mM, RCLW3: 90°C, pH 7, CaCl2 6mM) and 

concentrated whey (RCCW1: 75°C, pH 8.4, CaCl2 4 mM, RCCW2: 100°C, pH 5, CaCl2 4 

mM, RCCW3: 90°C, pH 7, CaCl2 6 mM) with the addition of buffalo skim milk (9:1 ratio).  

Highest and lowest yield (28.8% and 5.8%) were recorded for RCCW2 and RCLW2 cheese 

samples respectively. Statistical analysis showed the significant differences (p<0.01) for pH 

and acidity, moisture, fat, protein, NPN, lactose, ash, minerals and total solids between all 

Ricotta cheese samples. The acidity, pH, fat, NPN and lactose contents changes during 

storage of Ricotta cheese prepared from liquid and concentrated whey significantly while 

moisture, protein, ash and total solids were not affected. The pH and acidity values were 

reflected by the processing conditions. Moisture content varied from 65 to 70% among the 

treatments. The fat contents of Ricotta cheese from concentrated whey (RCCW) were higher 

(3.87-4.20%) as compared to (2.67-3.57%) prepared from liquid whey. Similar to fat, the ash 

contents were higher in RCCW (3.39-3.93%) than RCLW (2.79-2.97%). Protein contents 

were higher in RCLW2 followed by RCCW2. The lactose varied from 5.42 to 5.82% among 

different cheese samples. The total solid contents fall in the range from 29 to 34%, however 
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RCCW contained a relatively a higher contents. Regarding analysis of color, texture, 

viscosity and minerals of Ricotta cheese a significant (p<0.01) differences were observed. A 

yellowish color appeared in RCCW as compared to RCLW. The highest hardness was 

recorded for RCLW3 (4265) and lowest for RCCW1 (2985), while the highest viscosity was 

noticed in RCCW2 (9142 cps), followed by RCCW3 (8402 cps) and lowest in RCLW2 (6405 

cps). The Ca, Na, K content varied from 841 to 1139, 1320 to 2021 and 2177 to 4722 mg Kg-

1 respectively among the cheese samples. TVC of Ricotta cheese were in the range from 

4.16×104 to 7.19×104 cfu g-1, comparatively higher numerical values were observed in 

RCLW than RCCW. Yeast and molds varied from 1.20×102 to 3.51×102 (cfu g-1) and 

RCCW1 had the highest count. Sensory evaluation (appearance, flavor, texture & body, 

hardness, mouth feel, color and overall acceptability), higher scores were awarded to RCLW3 

followed by RCLW2. The cheeses prepared from concentrated whey were not like by the 

panel of judges due to its dark color and bitter taste. It is concluded from research work that 

Ricotta cheese prepared from liquid and concentrated whey at 90°C, pH 7, CaCl2 6 mM has 

higher yield. The RCCW can be used as an ingredient in other food products due to its higher 

fat content and protein content but not for direct consumption due to its lower sensory quality 

as compared to RCLW.  

The yogurt were prepared without (Y0) and with the addition of CW at the rate of 5, 10, 15, 

20, 25 and 30% (Y1, Y2, Y3, Y4, Y5 and Y6 respectively). The results indicated that the 

significant (p<0.01) effect of CW on physicochemical and sensory qualities of yogurt 

samples The protein, NPN, ash, lactose and total solid contents, syneresis of yogurt increased 

significantly (p<0.01) as the concentration of CW increased in yogurt formulation. pH, 

lactose, total solids, viscosity and WHC decreased (p<0.01), while the acidity and syneresis 

increased (p<0.01)  during storage period.  The moisture content decreased (86.96-76.11%) 

between the yogurts samples (Y0 to Y6) as the concentration of CW increase, while the other 

constituents increased. The total solids increase from 13 to 23% on the addition of CW, 

which has a positive effect up to 10% of CW, but at higher levels (lactose contents) some 

quality issues persist in the yogurts (Y5 and Y6).  These yogurts showed higher syneresis, 

low WHC and viscosity than the control and others samples. The microbial quality of Y0, Y1 

and Y2 were poor than the other samples. Considering the sensory evaluation of yogurt Y2 

(10%) and Y3 (15%) indicated the good sensory attributes with regard to taste, color, body 

and texture and overall acceptability as compared to other samples. It is concluded from the 

results of yogurt that addition of 10% concentrated whey to yogurt improves the sensory, 

rheological and compositional attributes of set yogurt. 
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